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L

oss of bone mass is only part of the
syndrome which, in addition to densitometric osteoporosis, sarcopenia and
other risk factors, eventually contributes
to fragility fracture. The low sensitivity
and specificity of bone mineral density
(BMD) measurement in predicting fracture risk has
led to the development of tools that include several
known risk factors such as demographic variables,
physical examination, personal and/or family history of fracture, presence of diseases or medications
with influence on bone metabolism and risk factors
for falls1. Some of these algorithms for predicting the
risk of fracture have not been validated in external
populations, others lack methodological deficits and
only a few have been integrated into national clinical guidelines for osteoporosis.
Validation, both internal and external, is one of the
keys to developing a risk calculator. In particular,
external validation generalizes the scale to populations beyond those in which it was generated. The
work of Reyes Domínguez et al.2, published in this
issue of the Journal of Osteoporosis and Mineral
Metabolism, is the first in Spain to validate the
Garvan calculator in a sample of 121 individuals
without basal densitometric osteoporosis, monitored over 10 years and who had not received antiosteoporotic treatment during that time.
Furthermore, the discriminative capacity of a predictive model or tool, that is, its ability to distinguish
between subjects with or without the event (in this
case, osteoporotic fracture), is usually assessed by
the area under the ROC curve (AUC). Its value varies
between 0 and 1, with a figure between 0.7 and 0.8
considered acceptable. Reyes Domínguez et al.2,
reported an AUC value of 0.72 for any fragility fracture, which gives the Garvan calculator an acceptable predictive capacity. These results are superimposable to those published by Langsetmo et al.3 in a
validation study of the Garvan calculator in Canada.
These authors find an AUC for any brittle fracture of
0.69 in females and 0.70 in males. The AUC for hip
fracture was higher (0.80 and 0.85, respectively).
Only in the quintile at highest risk of fracture did the
model overestimate the 10 year risk of any fragility
fracture in males and hip fracture in females.
The GLOW study included 19,586 postmenopausal
women 60 years of age or older without previous
anti-osteoporotic treatment, recruited in 723 pri-

mary care centers in 10 countries and followed
over a two-year period. Three predictive models
that did not include the BMD value were evaluated;
the FRAX®, the Garvan calculator, and a model that
only considered the age and antecedent of a previous fracture. An AUC of 0.64 was found to predict major osteoporotic fracture and 0.76 for prediction of hip fracture. However, neither of the two
models (FRAX® and Garvan) was better than the
one that only included age and previous fracture,
which fuels the debate about the utility of more
complex risk scales4. Indeed, in a recent systematic
review, tools that predict the risk of osteoporotic
fracture and that include few risk factors, such as
the Garvan calculator, often have equal or even
greater discrimination capacity which include many
risk factors (FRAX®, QFracture®)5.
In general, the predicted risk with the Garvan calculator in the validated work is close to or slightly higher than the observed risk of osteoporotic fracture
and better predicts the risk of hip fracture than that
of any fragility fracture1,3,4-8. In the work of Reyes
Domínguez et al.2, the risk of hip fracture could not
be analyzed because of the limited number of incident fractures in the analyzed population.
The significance of the absolute risk of fracture
should be related to the threshold value of therapeutic intervention recommended in each
country, to provide the patient with adequate
information about their risk. In order to calculate
the validity criteria of the Garvan calculator, Chen
et al.9 used the American FRAX® cut-off points
(20% in the case of the major osteoporotic fracture), finding a sensitivity of 20%, a specificity of
96% and a negative predictive value of 89%. In the
study of Reyes Domínguez et al.2, the authors’
optimal cut off point considers a high risk of osteoporotic fracture to be 18.5%, with a sensitivity and
specificity of 67% and a negative predictive value
of 86%, similar to that found by Chen et al.9
In summary, the work of Reyes et al.2 has the importance of being the first to validate the Garvan calculator in Spain and, in addition, the interest of its possible use as a screening tool to identify subjects with
low risk of fracture. Its greater discriminative capacity has been demonstrated with respect to the negative predictive value of any osteoporotic fracture. Its
usefulness as a predictor of hip fracture has not been
assessed in this study, as has already been noted.
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Further validation studies of the simplest risk calculators, such as Garvan, are required, with prospective population cohorts including participants
with different risk factors. Given that no predictive tool captures all the known risk factors for fragility fracture or temporal relationships, clinical
judgment should remain a key factor in applying
the results of these scales to an individual patient.
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Summary
Introduction: Several calculation tools or scales have been developed in recent years to assess the risk
of fracture due to long-term fragility. The Garvan calculator has not been validated in the Spanish population. This study aims to observe their predictive capacity in a population sample of the Canary Islands
and, therefore, of the Spanish population.
Material and Methods: We included 121 patients who were followed up for 10 years in our consultations. All
were assessed the risk of fracture using the Garvan calculator and based on the data obtained in the first visit.
Results: Of the 121 patients, 30 suffered at least one osteoporotic fracture over the 10-year follow-up
period. The group of patients with fractures had on the Garvan scale an average risk value to suffer any
fracturing fracture of 27%, compared to 13% of those who did not suffer fracture (p<0.001). The area
under the corresponding ROC curve was 0.718 (CI-95% = 0.613 ; 0.824). Based on this, the estimated optimal cut-off point to consider a high risk fracture was 18.5%. This value corresponded to a sensitivity of
0.67 (CI-95% = 0.47 ; 0.83) and a specificity of 0.67 (CI-95% = 0.56 ; 0.77).
Conclusions: Our results show that the Garvan scale adequately predicts the risk of 10-year osteoporotic
fracture in our population. A value lower than 18.5% would allow us to establish a low fracture risk and
could be used as a screening tool.
Key words: osteoporosis, risk, fracture, scale, Garvan calculator, Spanish population.

55

56

ORIGINALS / Rev Osteoporos Metab Miner. 2017;9(2):55-61

Introduction
Osteoporosis is a very prevalent disease, which
produces the so-called "fragility fractures" as the
only clinical complication1. In recent years, several
calculation tools or scales have been published
which, based on clinical data and with or without
the aid of bone densitometry, estimate the risk of
a fracture in the long term, up to 10 years2-6.
Although these scales share many clinical data
such as age or history of previous fractures, they
also differ in the methodology and population in
which they have been developed, as well as whether or not they include bone densitometry or
other risk factors. For example, the more widely
used FRAX® scale, published in more studies and
sponsored by the World Health Organization
(WHO)3, apparently underestimates the risk of
fracture in both patients with certain diseases7-12 as
well as globally in some countries, such as Spain13,
Argentina14 or Canada15.
The Garvan fracture risk calculator or Garvan
scale was devised by Australian researchers at the
Garvan Institute of Medical Research. It has been
less widely used than the FRAX®, showing often
divergent results in some studies which compared
both scales16-18. It has not been validated in Spain,
which led us to carry out this study, with the aim
of observing its validity in a Canary Island population of both sexes. We have considered extending it to the Spanish population.

Material and methods
Design: This prospective study initially included
400 people of both sexes whose densitometries at
the time of the first visit showed no osteoporotic
values. The subjects had attended at least a second
follow-up visit. Subsequently, those patients who
were monitored over 10 years and who had not
undergone pharmacological treatment for osteoporosis in those years were selected. The 121 who
met this criterion were included in the follow-up
study.
Fractures in the first 10 years of follow-up:
All 121 individuals included in the study presented
fragility fractures that occurred during the 10-year
follow-up period.
Application of the Garvan calculator: All the
patients included in our study were assessed for
fracture risk due to long-term fragility using the
Garvan calculator based on the data obtained
during the first consultation. The tool considers a
total of 5 calculation variables: sex, age, presence of
fragility fractures beyond 50 years of age and falls
in the last 12 months. The determination of bone
mineral density by densitometry may be added if
we have it. Otherwise, the calculation is also carried
out, but the program requires including weight. In
our study, all patients underwent bone densitometry screening at the first visit. This scale is freely
available, without registration, on-line at:
https://www.garvan.org.au/promotions/bonefracture-risk/calculator/

Once the data has been entered, the calculator
shows the risk of frailty fracture for: a) any fragility fracture, and b) specifically hip fracture, and
both at 5 and 10 years.
Statistical Study
Univariate analysis: Categorical variables were
expressed as frequencies and percentages, and the
continuous variables as means and standard
deviations when the data followed a normal distribution, and as medians and interquartile ranges
(percentiles 25-75) when the distribution followed
was not normal. The percentages were compared
using the chi-square test, the means with Student’s
t test, and the medians with the Wilcoxon test for
independent data.
Survival analysis: To explore the predictive
ability of the fracture risk of the Garvan calculator,
patients were classified according to the tertiles
corresponding to this predictor. In each of these
groups the survival curves were estimated up to
the appearance of the first fracture using the
Kaplan-Meier method. The difference between
them was contrasted using the log-rank test.
Receiver Operating Characteristics (ROC)
Curves: In order to evaluate the discriminatory
capacity of any frailty fracture risk, the 121
patients who were monitored over 10 years were
classified according to whether or not they suffered at least one fracture during this time period.
For this classification, a ROC analysis was carried
out, estimating the area under the corresponding
ROC curve with a 95% confidence interval. The
Garvan scale’s discriminatory optimal threshold
was selected as the value associated with the point
of the ROC curve that minimized the quantity:
(1 - sensitivity)2 + (1 - specificity)2
Sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) were
estimated for this threshold with 95% confidence
intervals.
A hypothesis test was considered statistically
significant when the corresponding p value was
less than 5%. Data were analyzed using the R program (version 3.1.0.).

Results
Table 1 shows the baseline characteristics of the
400 patients initially recruited for this study. It is
observed that there is a greater proportion of
women than men and that the mean age was 63
years, without obtaining statistically significant differences between both sexes. As expected, males
were larger in size and weight than females, but
body mass index (BMI) was similar in both
groups, with an overweight average. The overall
median risk of fracture fractures at 10 years when
Garvan was applied was 15%, significantly higher
in females than in males (p<0.001).
Table 2 shows the characteristics of the studied
population over 10 years from the time of the
Garvan estimation. The total number of patients
was 121, of which 30 had at least one fracture due
to fragility in this time frame. None of the patients
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received anti-osteoporotic treatment, although the
patients with fractures were indicated after the
fracture occurrence was reported. Of all the osteoporotic fractures (vertebral, hip, Colles, humerus,
tibia, and ribs) only two were of the hip. At the
outset of the study, the fractured patients had a
mean risk of suffering any fragility fracture of 27%,
compared to 13% of those who did not suffer a
fracture (p <0.001). The same significant result
was observed with the risk of hip fracture, since
patients who suffered a new osteoporotic fracture
(of any type) during follow-up showed an average value of 8% versus 3% of non-fractured ones.
Table 3 shows the statistical parameters used to
assess the ability of the Garvan scale to predict
any fracturing fracture within 10 years after its
determination in the study population. The area
under the corresponding ROC curve was 0.718
(CI-95% = 0.613 ; 0.824) (Figure 1). Considering
this ROC curve, and looking for the value that
offered the best statistical conditions to predict the
risk of fracture, we set the optimum cutoff point at
18.5%. This value corresponds to a sensitivity of
0.67 (IC-95% = 0.47 ; 0.83), a specificity of 0.67 (CI
-95% = 0.56, 0.77), a predictive value of 0.86 (CI95% = 0.76 ; 0.93) and a positive predictive value
of 0.40 (CI-95% = 0.26 ; 0.55).
Figure 2 shows the survival curves for the
period between the estimation of the risk of frailty
fracture and the first fragility fracture in each of
the cohorts determined by the tertiles of the
Garvan scale. According to these tertiles, the
groups were divided according to whether the
value obtained was less than 11% between 11 and
22%, and higher than 22%. The log-rank test showed statistically significant differences at 5 years
(p<0.001).
The limited number of hip fractures (only 2)
prevented an ROC analysis and one of survival for
this type of fracture.

Discussion
In recent years, the diagnosis and treatment of
patients with osteoporosis have changed, as a
series of calculation tools or risk scales have been
developed that allow us to estimate the probability of suffering a fracture due to fragility in the
future, usually 10 years. This differs from the risk
estimation offered by bone densitometry, which,
in isolation, reports only a part of the fracture risk,
which is clearly multifactorial19,20. Therefore, the
combination of fracture risk factors and the results
of densitometry have a greater specificity and sensitivity than each of them separately21. The FRAX®
and Garvan scales, in contrast to QFracture®,
include the value of bone mineral density per
DXA in calculations for the likelihood of fracture
risk.
The definitive role of these scales has not been
established, although their presence is increasing
in position papers and clinical guidelines.
Currently, FRAX® is the most accepted scale. It
was the first to be published and is sponsored by
the WHO22. It allows researchers to calculate frac-

ture risk in a large number of countries. It is the
tool with the greatest amount of literature published, with a treatment threshold of more than 20%
for any fragility fracture and 3% for a hip fracture23.
However, the FRAX® scale also has its limitations.
On the one hand, it does not include falls, a very
important risk factor in the production of most fragility fractures24,25. On the other hand, several
authors have expressed their concern as it underestimates the risk of fracture in diabetic patients
and in the Spanish population12,13, because this
scale has not yet been corrected for Spain. Finally,
the formula with which the FRAX® calculator has
been developed has not been published, a fact
that has generated great controversy and suspicion
in the scientific community.
Another fracture risk calculator is the
QFracture®5,26, developed by English authors, who
added additional risk factors such as falls, diabetes
mellitus and other diseases to variables already
included in the FRAX® scale (http: //www.qfracture.org). In addition, the degree of alcohol and
tobacco consumption was incorporated in more
detail, and it has the novelty of making it possible
to estimate fracture risk from 1 to 10 years, very
useful for those individuals whose life expectancy
is lower.
As for the limitations of QFracture® tool, it does
not include calculations of bone densitometry and
contains many variables5,26, so the time required to
complete the questionnaire is significantly longer.
In addition, the QFracture® scale is not as widely
used as FRAX®, which may be because it has not
been validated outside the UK, and therefore there
is less published material about this tool. On the
other hand, the optimal cutoff points for the clinical management of patients with osteoporosis
have not been established. Its website suggests a
risk estimate for women of 11.1% in 10 years and
for men, 2.6% over the same period of time.
Finally, there are few comparative studies between the QFracture® and FRAX® scales. We have
been able to find only the work of Johansen et al.
Who considered QFracture® better as a tool for
estimating hip fracture risk, since it includes the
history of falls27. On the other hand, Kanis et al
published a review of the Scottish Intercollegiate
Guidelines Network (SIGN), which concluded that
the use of QFracture® should be used for estimating hip fracture risk and not for the risk of fragility fractures19.
The Garvan fracture risk calculator was published by a group of Australian researchers from the
Garvan Institute of Medical Research to predict in
a given patient the absolute risk of having any
osteoporotic fracture within 5 and 10 years. The
study included a sample of more than 2,500 individuals, men and women, over 60 years of age
from data collected by the Dubbo study28. They
included the following four risk factors: age, number of previous fractures after 50 years of age,
number of falls in the last year and the value of
bone mineral density or weight (if bone densitometry is not available).
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Table 1. General characteristics of the population recruited at the beginning of the study
Total
N = 400

Men
N = 38

Women
N = 362

Value p

Age, years (#)

63.3 ± 8.9

63.8 ± 9.1

63.3 ± 8.9

0.736

Weight, kg (#)

67.9 ± 13.2

78.7 ± 13.7

66.8 ± 12.6

<0.001

Size, cm (#)

157.1 ± 7.3

169.7 ± 6.1

155.7 ± 6.0

<0.001

BMI*, kg/m2 (#)

27.5 ± 4.9

27.3 ± 4.2

27.6 ± 5.0

0.741

Garvan value for any 10 year frailty
fracture, % (&)

15 (10 ; 29)

8 (4 ; 14.7)

15 (10 ; 29)

<0.001

Garvan value for 10 year hip fracture,
% (&)

3 (1 ; 8.25)

0.95 (0.42 ; 3)

3 (1 ; 9)

<0.001

Data expressed as #: means ± standard deviations; &: medians (interquartile ranges).
*BMI: body mass index.

Table 2. Characteristics of the studied population for 10 years from the time of the estimation of the Garvan
value
Fractures*
Total
N = 121

No
N = 91

Yes
N = 30

P

Age, years (#)

59.3 ± 6.8

58.2 ± 6.4

62.8 ± 6.7

0.001

Weight, kg (#)

66.8 ± 11.7

67.4 ± 12.5

64.9 ± 8.8

0.309

Size, cm (#)

156.4 ± 6.0

156.6 ± 5.9

155.7 ± 6.3

0.439

BMI, kg/m2 (#)

27.3 ± 4.7

27.5 ± 5.0

26.8 ± 3.6

0.503

15 (10 ; 28)

13 (9.5 ; 23)

27 (14.2 ; 43.2)

<0.001

3 (1 ; 8)

2 (1 ; 6.5)

8 (3 ; 17)

<0.001

Garvan value for any 10 year frailty
fracture, % (&)
Garvan value for 10 year hip fracture,
% (&)

*Fractures occurring within 10 years of follow-up.
Data expressed as #: means ± standard deviations; &: medians (interquartile ranges).

Table 3. Capacity of the Garvan scale to predict an osteoporotic fracture within 10 years of being calculated
Parameter
Area under the ROC curve
Cut off point

Estimate (IC-95%)
0.718 (0.613 ; 0.824)
18.5

Sensitivity

0.67 (0.47 ; 0.83)

Specificity

0.67 (0.56 ; 0.77)

Positive predictive value

0.40 (0.26 ; 0.55)

Negative predictive value

0.86 (0.76 ; 0.93)

Positive likelihood ratio

2.02 (1.37 ; 2.98)

Reason for negative likelihood

0.50 (0.29 ; 0.84)
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Figure 1. ROC curve for the risk of suffering any fracturing fracture calculated with the Garvan scale
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Figure 2. Survival curves up to the first fracture according to the groups
defined by the tertiles of the Garvan value for risk of any fragility fracture

1.0
Probability (years to first fracture > t)

The Garvan scale, although
apparently very practical and
easy to use, is hampered by the
limited relevant bibliography
and that it has not been validated outside Australia.
In the main, existing publications compare the FRAX®
scale with QFracture®, and
FRAX® with the Garvan calculator29. Several studies have concluded that the FRAX® tool with
bone mineral density (BMD)
measurement underestimates
the incidence of osteoporotic
fractures, while both FRAX®
without BMD and the Garvan
scale overestimate the incidence
of these fractures6,30. However,
although the FRAX® and Garvan
calculators include different risk
factors, the therapeutic recommendation is the same18.
As the Garvan scale has
not yet been validated in
Spain, the main contribution
of our study is to give reliability to its predictive capacity in
our population, which would
allow its use in our patients,
and with this the estimation of
the risk of fracture due to fragility of A faster way than with
the QFracture® scale, and a
transparent methodology in its
elaboration and with the inclusion of the falls, facts that the
FRAX® does not offer.
With the FRAX® and
QFracture® scales, an attempt
has been made to identify a
cutoff point from which we
would consider the patient to
be at high risk of fracture due
to fragility and, therefore, it
would be advisable to initiate
some treatment. As we mentioned earlier, in the FRAX® scale,
this value has been set at 20%
for any fragility fracture and 3%
for the hip, whereas in
QFracture®, the authors recommend considering cut-off
points for women and Men at
11.1% and 2.6%, respectively.
In the Garvan calculation
tool this cut-off point has not
yet been clearly established.
According to our study results,
an estimate of the risk of suffering any frailty fracture below
18.5% would be indicative of a
very low risk, so starting treatment would not be necessary.
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The main weakness of our study is the small
sample size, due to the enormous difficulty found
in our consultations of patients without densitometric osteoporosis and with a follow-up over so
many years, besides not having received anti-osteoporotic treatment until the first fracture. The
same reason has prevented us from performing
the calculations for hip fracture risk, since the
number of fractures incident at this location was
insufficient to obtain a conclusive statistic. Despite
this, the statistical study performed had enough
robustness to be able to validate our findings.
In conclusion, according to the results of our
study, the Garvan calculator can be used to a
ccess osteoporotic fracture risk in our population. Likewise, it could be used as a screening tool,
since, according to the statistical calculations obtained, a value lower than 18.5% would allow us to
establish in a given patient a very low risk of suffering any fragility fracture in the following 10 years.
Conflict of interest: The authors declare that
there is no conflict of interest in this research
study.
Funding: This study was funded in part by a research grant from the Canary Island Osteoporosis
Society.
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Summary
Objectives: To reach a consensus on the medical care circuits of patients with postmenopausal osteoporosis (PMO), including derivation and management (assessment tools and medical tests), identifying profiles according to the opinion of bone metabolism experts, from Spain’s Health Service.
Material and methods: The Delphi technique was used with two successive consultation rounds, with 38
experts in PMO management belonging to 14 scientific societies taking part in the study. Review of literature and the opinion of the scientific committee rounded out the questionnaire. The experts expressed
their "desire" (1=total rejection, 9=stronger desire) and "forecast" (1=will absolutely not occur; 9=will
occur with maximum probability) about the issues raised. A consensus was reached when 75% or more
of the participants scored 1-3 (disagreement) or 7-9 (agreement). In addition, experts were divided up
into 3 discussion groups to complement the information according to patient profiles found previously
in the Delphi method.
Results: Consensus was reached on 75% of the questions. The experts established three profiles of PMO
patients: no fracture, vertebral fracture and non-vertebral fracture, as well as the diagnostic and therapeutic resources recommended for these patients.
The patient without a fracture should be managed in Primary Care or Rheumatology and scales will be
used to evaluate fracture risk in early stages of the disease. The patient with chronic vertebral fracture
should refer to Rheumatology and Rehabilitation, and will be Rheumatology, whereas the patient with
acute vertebral fracture should be treated in Orthopedic Surgery, and this is how it will possibly happen.
Diagnosis of vertebral fracture patients will be based mainly on x-rays.
To assess progress, questionnaires on the functional capacity and pain scales are recommended. However,
these will not be used due to the lack of time involved. The patient with non-vertebral fracture should be
and will be referred to Orthopedic Surgery, with 3-4 radiographs recommended to ensure fracture consolidation.
Conclusions: Delphi method results indicate that referral of PMO patients are concentrated in Primary
Rheumatology, when there is no fracture, and Orthopedic Surgery, in the case of fracture.
Key words: postmenopausal osteoporosis, vertebral fracture, non-vertebral fracture, derivative circuits.
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Introduction
Osteoporosis is a global health problem with clinical, economic and social consequences that
mainly affect postmenopausal women1. More than
200 million people have osteoporosis, and the
aging of the population may increase in this prevalence2.
The most significant clinical manifestations of
osteoporosis are fragility fractures, especially
those of the hip, spine, forearm and humerus.
However, other fractures in patients older than 50
years are considered osteoporotic, including tibia,
pelvis and femur3.
In Europe, in 2000, an incidence of 3.1 million
osteoporotic fractures was estimated in men and
women over 50 years of age, with 620,000 hip
fractures, 574,000 in the forearm, 250,000 in the
proximal humerus and 490,000 vertebral fractures,
among others, representing 34.8% of all osteoporosis fractures worldwide3. In 2010, the number of
new fractures amounted to 3.5 million, and this
number is expected to increase by 28%, with 4.5
million fractures in 20251.
In Spain, 35% of women over 50 years of age
are affected by osteoporosis, a percentage that
increases to 52% in those older than 70 years4.
Additionally, almost 50% of women with postmenopausal osteoporosis (PMO) present one or more
risk factors for osteoporotic fractures5, which
explains an estimated incidence of 250,000 osteoporotic fractures per year, representing direct and
indirect costs of osteoporotic fractures. 126 and
420 million euros, respectively6.
Spain is one of the countries with one of the
most efficient National Health Systems, offering
two well differentiated levels of care, Primary Care
(PA) and Specialized Care. In general, Primary
Care is the gateway to the system, except in the
case of emergencies. However, given the decentralization of health services in each of the
Autonomous Communities, the coordination between these two levels of care may not be as
homogeneous as expected7.
Rheumatology (RHEU), Obstetrics and
Gynecology (GYN) and Orthopedic Surgery and
Traumatology (OST) are some of the specialties
involved in the management of PMO. However,
there is little national or international information
on the referral circuit for patients with osteoporotic fractures and the professionals involved8,9. The
lack of consensus on referral protocols between
specialized units in the management of different
profiles of patients with PMO has revealed the
importance of defining roles and establishing joint
action protocols between specialties10,11. The
absence of these protocols may make it difficult to
establish adequate treatments and obtain clinical
benefits for patients8,12.
In qualitative research, there are different
methodologies available to generate discussion
among experts that results in the convergence of
opinions and the deduction of consensus. The
Delphi technique is an efficient technique for
exploring policy issues, with the aim of organizing

communication between groups to reach consensus on a particular topic13-15. On the other hand, the
discussion group is a methodology that allows
exhaustive approaches to a specific topic of study,
where participants' perceptions facilitate in-depth
understanding of the issues under study, based on
the experiences and beliefs of the participants16-18.
The aim of this study was to reach a consensus
on the medical care circuits of the patient with
PMO, including the circuits of derivation and
management (evaluation tools and medical tests),
identifying profiles according to the opinion of
experts in bone metabolism who work in Spain’s
Health System.

Material and methods
The Delphi technique was used with two successive rounds of consultation. In addition, three discussion groups, according to the profile of the
patient with PMO, were carried out to complement the conclusions reached by this method
(Table 1). These societies were responsible for
selecting the participants in the study, according
to the following criteria: working in the Spanish
National Health System, experience related to
PMO and availability to participate in the study.
Thirty-eight medical specialists, experts in the clinical and therapeutic management of patients with
PMO, with extensive experience in PMO prevention, diagnosis, treatment and follow-up in Spain’s
public health system were invited to participate.
These experts belonged to different medical specialties: PC (n=6), OST (n=6), Endocrinology and
Nutrition (END) (n=3), Geriatrics and Gerontology
Rehabilitation (REH) (n=3), Internal Medicine (MI)
(n=5), GIN (n=6) and REU (n=6). None of the participants received remuneration for responding to
the questionnaire.
The Delphi Survey Method
The Delphi technique is a consensus method
whose goal is to achieve general agreement or
convergence of opinion on a particular topic. It is
based on a highly-structured group interaction to
collect data through self-completed questionnaires
by participants19.
The questionnaires used during the two consultation rounds were elaborated and designed by
the coordinating team of the study, under the
supervision of the scientific committee or study
group of the study, made up of 6 medical professionals with extensive experience, either in the
management of the patient with PMO or in the
study methodology. They were a series of questions that the interviewee had to rate according to
a Likert scale. The content of the statements came
from the systematic review of the literature8 and
contributions from the scientific committee (Figure
1). Likewise, time was allotted so participants
could comment and make suggestions on the
issues raised.
The questionnaire used during the first round
consisted of 35 questions, each consisting of 1 to
10 questions. The issues were organized into 5
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blocks: general aspects; PMO (primary prevention,
diagnosis, treatment, follow-up and rehabilitation
of the patient); Fractures in PMO patients (diagnosis and outpatient fracture management, fracture
hospital admission and prevention of a second
fracture); derivation circuits; and observations and
comments. The questions explored different
aspects associated with the prevention, diagnosis,
treatment and follow-up of the patient with PMO
with and without fracture, as well as the criteria
that should be followed to derive patients among
professionals.
According to the different profiles of patients
with PMO (with and without fractures) and their
clinical situation, the questionnaire presented
various referral circuits in a way that defined the
specialties that should be involved in its driving.
In addition, the use of assessment tools and medical tests was also explored in these patient groups.
Participants rated the questions on a 9-point
Likert scale, according to each of the questions
presented, from two perspectives: "desire" (1=total
rejection, 9=strongest desire) and "prognosis"
(1=no will occur at all, 9=will occur with maximum probability). A consensus was reached when
at least 75% of the participants scored the questions between 7-9 (agreement) or between 1-3
(disagreement) (Figure 2).

The questionnaire used during the second
round was individually designed for each of the
experts. It contained those issues for which no
consensus was reached during the first round, as
well as the suggestions made by participants. The
questionnaire presented the participant's own
individual scores and the position described by
the majority of the group (rank in which was the
highest percentage of answers), for each of the
questions. After considering these qualifications,
the respondents re-scored the questions, having
the opportunity to either re-award the previous
grade or modify their initial responses in accordance with the results shown, in order to reach a
consensus at the maximum number of questions.
Thirty-seven experts participated in the second
round, since one of the subjects decided not to
continue in the study.
The questionnaire used during the first round
of the Delphi method was answered using a restricted access web platform (June 2011), while the
second-round questionnaire was sent and received via email (September 2011).
Study Groups
Taking into account the conclusions obtained
through the Delphi technique, and to define and
complement them with aspects not explored in

Table 1. Scientific Societies collaborated in this study
Spanish Society of Bone and Mineral Metabolism Research (SEIOMM)
Spanish Society of Rheumatology (SER)
Spanish Association for Research into Menopause (AEEM)
Study Group on Osteoporosis of the Spanish Society of Orthopedic Surgery and Traumatology
(GEIOS-SECOT)
Spanish Society into Osteoporotic Fractures (SEFRAOS)
Spanish Society of Endocrinology and Nutrition (SEEN)
Ibero-American Society of Osteology and Mineral Metabolism (SIBOMM)
Osteoporosis Study Group of the Spanish Society of Internal Medicine (GTO-SEMI)
Spanish Society of Family and Community Medicine (SEMFYC)
Spanish Society of Primary Care Physicians (SEMERGEN)
Spanish Society of General and Family Physicians (SEMG)
Spanish Society of Rehabilitation and Physical Medicine (SERMEF)
Spanish Society of Geriatrics and Gerontology (SEGG)
Hispanic Foundation of Osteoporosis and Metabolic Diseases (FHOEMO)
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detail, three discussion groups were held
with the participating experts. Three meetings
were defined according to the three profiles
of PMO patients that emerged from Delphi
responses. Each discussion group consisted
of 6 to 8 experts, according to the most representative specialties due to their involvement
in each of the profiles (Table 1):
a) patient with PMO without fracture: AEEM
(n=1), SEMERGEN (n=1), SEMFYC (n=1),
SIBOMM (n=1), SEMG (n=1), y SEIOMM
(n=1).
b)patient with PMO with vertebral fracture:
SEIOMM (n=1), FHOEMO (n=1), SEEN
(n=1), GTO-SEMI (n=2), y SER (n=1).
c) patient with PMO with nonvertebral
fracture: SECOT-GEIOS (n=2), SEFRAOS
(n=2), SEGG (n=2), y SERMEF (n=2).
Our aim was to explain and define the
habitual referral circuits of the patient with
PMO according to the specialties available in
each center, and to specify the frequency of
use of assessment tools and medical tests
during the follow-up of the PMO according to
the profile of the patient. Participants in the
Delphi method were invited to take part in
the discussion groups according to the specialties mainly involved in managing each
patient profile: GIN n=2, IM n=1, PC n=3);
Patient with vertebral fracture (IM n=3, REU
n=2, END n=1); Patient with non-vertebral
fracture (OST n=4, GER n=2, REH n=2).

Figure 1. Diagram of the study methodology

Scientific Comittee

Committee of experts

Review
literature and
contributions

Questionnaire
1st round

Analysis
1st round

Questionnaire
2nd round

Analysis
2nd round

⬇
Final results

Figure 2. Definition of consensus

Results
In all, 100% (n=38) of the experts invited to
participate in the study responded to the
questionnaire in the first round, whereas
97.4% (n=37) did so during the second round.
The experts participating in the study had an average of 24 years (SD=9) of experience in the clinical practice of their specialty, an average of 18
years (SD=8) involved in the management of
patients with PMO and visited a median of 40
patients with PMO per month (Range: 10 - 200).
A consensus was reached in 75% of the questions posed by the Delphi technique, 73.6% from
the "desire" perspective and 76.4% from the "prognosis" perspective.
As a result of the comments provided by the
Delphi participants in the space provided in the
questionnaire for this purpose, three distinct profiles of patients with PMO were identified: patients
without fracture, those with vertebral fracture and
those with non-vertebral fracture.
Patient with PMO without fracture
Derivation Circuits
In Delphi, experts reached consensus that AP
(83.3%) and Rheumatology (77.8%) should be the
specialties preferably involved in managing patients
with PMO without a fracture, without achieving a
consensus in the "prognosis" (Figure 3). Additionally,
in the discussion group it was detailed that, in clinical practice, the high prevalence of this patient pro-

≥75%

Zone of
indeterminacy

≥75%

Range 1 to 3

Range 4 to 6

Range 7 to 9

Rejection

Agreement

file implies that the described specialists would not
be able to treat the entire population, so these
patients should be managed by PA when Possible
without being referred to other specialties. Moreover,
GER should be the specialty responsible for the
management of elderly patients when possible, and
in case of absence of Geriatrics Service in the health
center, these patients should be followed by PA.
Regarding clinical situations such as early
symptomatic or surgical menopause, Delphi
demonstrated that these patients should be and
will be referred to Gynecology (86.5% and 83.3%,
respectively) (Figure 3). The discussion group
added that in the event that this clinical situation
is associated with thyroid disease, the patient
should be referred to NDT.
In the Delphi consultation, the experts reached
consensus in both "desire" (78.4%) and "prognosis" (75.78%) that REU should be and will be the
reference specialty of patients with PMO and high
risk of fracture. The discussion group argued that
AP should be the reference specialty, but in case
patients require specific treatment or monitoring
that cannot be assumed by PA, the reference specialty would become Rheumatology or a specialized referral unit (when available).
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When patients with PMO present a significant
loss of bone mineral density despite receiving pharmacological treatment, REU should be (81.1%) and
(88.9%) the reference specialty; While in patients
with poor physical condition, muscle weakness,
functional restriction, risk of falls, need for orthopedic evaluation, vertebral deviation or chronic refractory incapacitating pain, Delphi participants pointed out that REH should be the reference specialty
(up to 80%), Without reaching consensus in the
"prognosis" perspective (Figure 3).
Assessment Tools
The experts indicated that the osteoporosis evaluation scales should be used (89.2%), without reaching a consensus in the "prognosis". In addition,
therapeutic adherence (89.2%), fracture risk (88.9%)
and functional capacity (78.4%) should be evaluated
during follow-up of patients with PMO, reaching
consensus in the "prognosis "Only with respect to
the use of fracture risk scales (75.7%). In addition,
the discussion group recommended and specified
the frequency with which these tools should be
administered: the Morisky-Green questionnaire
should be used to assess adherence one month after
the start of treatment and during each follow-up
visit; FRAX® or QFracture® would be used to assess
the risk of fractures in the early stages of the disease (prior to initiating drug treatment); The functional
capacity would be evaluated during the initial visit
and annually, without specifying any specific tool
(according to availability); Analogue visual scales for
examining pain should be applied as often as possible. It was commented that no tool is usually used
to evaluate satisfaction with treatment, indicating
that it is usually not evaluated; No specific instrument is used to assess health-related quality of life
(HRQL), indicating that it is only assessed during clinical research. In all cases, the results of these evaluations should be incorporated into the patients'
medical records.
Medical Tests
Regarding medical tests, the results of the Delphi
method showed that the bone densitometry, used
for the evaluation of the evolution of the PMO,
should be performed in periods less than two
years. However, no consensus was reached on the
definition of a specific period. For its part, the discussion group specified that it would be necessary
to perform a bone densitometry and a dorso-lumbar x-ray every two years and to measure the size
of the patient at each visit.
Patient with PMO and vertebral fracture
Derivation Circuits
In patients with acute vertebral fracture, the
Delphi consultation indicated that OAT should be
the reference specialty from both perspectives
("desire": 86.5% and "prognosis": 80.6%) (Figure
3). The discussion group established that in case
of hospital admission, OST should be the specialty, but that the management of the patient with
PMO should be under the responsibility of REU,
IM or GER, or of a Bone Metabolism Unit or
Fracture Liaison Service (FLS), where available.

In patients with chronic vertebral fractures, the
experts pointed out in the Delphi that REU
(83.8%) and REH (77.8%) should be the reference
specialties. However, all patients will be referred
to REU (75%) (Figure 3). The discussion group
indicated that the patient diagnosed with PMO
with chronic vertebral fracture should be managed
by REU and REH.
In addition, in the discussion group, the experts
mentioned that COT together with the specialists in
bone metabolism should diagnose the vertebral
fracture. Additionally, if the patient needed hospitalization, it would require multidisciplinary units
(Fracture Unit or FLS). The experts detailed that
these units should consist mainly of specialists in
TOC and bone metabolism, as well as by REH, Pain
Unit (if available) and GER or IM (for the management of clinical situations that are not exclusive to
bone metabolism, such as co-morbidities) (Figure
4). As for outpatient management of vertebral fractures (including treatment), the Primary Care unit
should be responsible, should there be experienced staff. Otherwise, the patient should be referred
to an expert in bone metabolism. Finally, the specialist diagnosing vertebral fracture should be involved in the prevention of subsequent fractures.
The discussion group also pointed out that
REH should be the reference specialty in the case
of patients with vertebral fracture and functional
restriction secondary to immobilization and pharmacological treatment, or if orthopedic measures
are required. Those patients with vertebral fracture and chronic pain refractory to pharmacological
treatment should be managed by two groups of
specialists, Unit of Pain (or IM, depending on availability) in coordination with REH for pain management and by REU in coordination with IM or
experts in bone metabolism (depending on hospital availability).
Assessment Tools
For the evaluation of the progression of the
patient with fracture, questionnaires should be
used on functional capacity (83.9%) and pain scales (80.7%); However, in Delphi, no consensus
was reached on the "prognosis". The discussion
group explained that functional capacity, pain and
HRQoL are usually measured in the clinical research setting, but in standard practice this involves
substantial time investment, although it is considered to be very useful.
Medical Tests
The diagnosis of fracture should be based on
radiographs (97.3%), symptoms (89.2%), physical
examination (86.5%) and medical history (83.7%).
From the "prognosis" perspective, the experts
mentioned that the diagnosis of fracture will be
based on radiographs (91.9%), symptoms (83.8%),
and physical examination (83.8%). The discussion
group concluded that the most important medical
tests to evaluate the patient with vertebral fracture
should include radiographs and bone densitometry during the first year and size (measured by
stadiometer) at each medical visit. Subsequently, a
bone densitometry every two or three years.
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Patient with PMO and without vertebral fracture
Derivation Circuits
In the Delphi consultation, OST was mentioned as
the reference specialty for patients with non-vertebral fracture (hip or distal radius) and with acute
femoral fracture (100% for both perspectives), and
for patients with fractures in other locations ("desire": 91.7% and "prognosis": 94.4%) (Figure 3).
The discussion group established that during
the acute phase OST should be the reference specialty. The diagnosis of non-vertebral fracture in
patients with PMO should be performed by OST
in such a way that the severity of the fracture can
be assessed and appropriate treatment and rehabilitation recommended. Hospital admission requires multidisciplinary units (Fracture Unit or FLS)
that include OST, REH, GER or IM, Social Services
and Nursing (Figure 5). Primary care should be
involved in the outpatient management of these
patients once the acute process has been controlled. In addition, PC should be the specialty in
charge of preventing successive non-vertebral
fractures.
Assessment Tools
Experts agreed in the focus groups that functional
capacity should be systematically evaluated until
stability is achieved. Minimal revisions should be
made at the beginning, during and at the end of the
fracture process. The evaluation of HRQoL should
be done systematically, although the experts recognize that it consumes a lot of consultation time.
Medical Tests
The experts recommended 3 to 4 radiographs per
year (first, third, sixth and twelfth month), especially when the fractures are located in the hip or
tibia, in such a way as to ensure consolidation of
the fracture after discharge.

Discussion
This study provides new information on referral
circuits and specialties that should be involved in
the management of patients with PMO with and
without fracture. To define reference criteria between specialties, it has been shown that a distinction should be made between the type and location of fractures, defining three patient profiles:
patients without fracture, vertebral fracture, and
non-vertebral fracture.
The most significant conclusion obtained from
the consensus is the importance of defining bypass
circuits that should be followed during each phase
of the management of patients with PMO according
to the profile of each patient and their clinical situation. However, discussion groups have pointed out
that in clinical practice the selection of the referring
physician and the patient care process depends on
the local availability of the services.
The high prevalence of patients with PMO
without fracture makes it difficult for specialties
such as REU to assume full responsibility for their
management; Therefore, much of the attention to
this population is delegated to Primary Care.
However, the extensive knowledge required for this
task and the constant overload of work to which PC

professionals are subjected means that monitoring
of patients with PMO in clinical practice depends
greatly on the situation of the health center, staff
availability and professional experience20.
Regarding patients with PMO and vertebral fracture, the experts point out that it is necessary to
involve different specialties, highlighting the role of
orthopedic surgeons and experts in bone metabolism in the diagnosis of fracture. The availability of
experts in bone metabolism, defined as "the specialists with the most knowledge about osteoporosis
in the health center", will depend on the local situation of each center. From the point of view of
patient management, the acute or chronic nature of
the fracture leads us to consider a distinction of
roles between the different specialties. In the consensus of experts, the OST should be and will continue to be the reference specialty in the case of
acute fracture. On the other hand, in the supplementary discussion groups, experts emphasize the
importance of OST in those patients requiring hospital admission, whereas REU, IM or GER and Bone
Metabolism Units would be the specialties of choice for fracture management. Finally, REU and REH
would be the reference specialties for patients with
chronic fractures. This may be explained by the differences of opinion in the experts regarding the
management of the PMO itself, which requires specialists with high knowledge on osteoporosis, its
treatment and associated comorbidities; as well as
in terms of fracture management, which will require knowledge about fracture treatment and pain
control, a distinction of knowledge clearly identified in the literature21,22.
Furthermore, patients with non-vertebral fracture should be referred to OST for stabilization of
the fracture, but Primary Care should be responsible for its management and follow-up once the
acute process is completed. Another fundamental
aspect identified by the experts is the need to create multidisciplinary units for the management of
patients with PMO and fractures, particularly
during hospital admission (Fracture Unit or FLS).
The creation of these multidisciplinary teams
could be useful in the design of new strategies to
optimize the use of health resources and improve
the clinical management of patients with PMO23,24.
Fracture Units or FLS provide clinically and costeffective care in patients with osteoporosis with
fragility fractures25. In Glasgow, UK, the Fracture
Unit has contributed to a 7.3% reduction in hip
fractures over 10 years, compared with a 17%
increase in England25. In Italy, the implementation of a Fracture Unit made up of multidisciplinary teams has been shown to reduce major complications from 21% to 45%, while readmissions to
the hospital at 6 months decreased by 20% and the
mortality rate by 3%26. Patients treated at the
Fracture Unit in the Netherlands had a significantly
lower mortality and a lower risk of non-vertebral
fractures than those not treated in this service,
with a reduction of 35% and 56%, respectively, for
more than two years follow-up27. Therefore, the
Fracture Unit or FLS seems to be a successful
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method for reducing the number of subsequent
fractures and premature mortality after fracture.
Coordination among specialists is paramount
during the management of patients with PMO and
fractures, since the specialist who must assume
patient management once the fracture has consolidated is still not defined. This lack of standardization of roles of each specialist may be associated with a delay in the treatment of this patient
profile12. Therefore, programs are needed for the
detection and study of patients with fractures, who
establish guidelines for care and follow-up28.

Finally, another aspect highlighted in this study
is the need to use and standardize evaluation tools
to explore the evolution of the patient with PMO,
as well as the risk of fractures, functional capacity,
pain, therapeutic adherence, treatment satisfaction
or HRQL. Regarding this last aspect, the experts
identified the work overload as the cause of the
insufficient use of HRQL measurement instruments in the usual clinical practice. However, the
recommendations arising from the discussion
groups allow establishing minimum requirements
for the future.

Figure 3. Consensus reached ("desire" and "prediction") in the Delphi Method concerning the derivation circuits of
the patient with PMO

Criteria for
referral of the
patient with PMO
With vertebral
fracture

No fracture
Without risk of
fracture
"desire": PC and
REU
"forecast": without
consensus
Menopause
precocious
surgical
symptomatic
"desire" and
"forecast": GYN

At risk of
fracture
"desire" and
"forecast": REU
Low condition
physics and risk
of falls
"desire": REH
"forecast": without
consensus

Help
"desire" and
"forecast":
OST
Chronicle
"wish":
REU and REH
"forecast":
REU

With non-vertebral
fracture

Acute femoral
fracture, as well
as in others
locations
"desire" and
"forecast": OST

Waste of
bone mass
"desire" and
"forecast": REU

PMO: postmenopausal osteoporosis; PC: Primary Care; OST: Orthopedic Surgery and Traumatology;
REU: Rheumatology; REH: Rehabilitation; GYN: Obstetrics and Gynecology.
Figure 4. Specialties proposed in the study group of experts for the formation of multidisciplinary units in
managing the patient with vertebral fracture

Multidisciplinary units

Clinical expert in
Bone metabolism
+ OST

REH

Pain Unit
(if available)

GER and/or IM

OTS: Orthopedic and Traumatology Surgery; REH: Rehabilitation; GER: Geriatrics and Gerontology; IM: Internal
Medicine.

ORIGINALS / Rev Osteoporos Metab Miner. 2017;9(2):62-71

Figure 5. Specialties proposed in the discussion group of experts for the formation of multidisciplinary units in
the management of patients with non-vertebral fractures that require hospitalization

OST

REH/Physiotherapy

Multidisciplinary units

GER/IM (depending on
age and comorbidities)

Social worker

Nursing

OST: Orthopedic Surgery and Traumatology; REH: Rehabilitation; GER: Geriatrics and Gerontology; IM: Internal
Medicine.

The study is subject to the advantages and
disadvantages of the consensus technique used29,30.
The characteristics of the Delphi technique allow
minimizing reciprocal influence among the participants and allow a good functioning with a heterogeneous group of participants, also preserving
their anonymity19. The participation of physicians
of different specialties involved in the management of patients with PMO reflects the usual practice and provides extensive information on the clinical and therapeutic management of osteoporosis. However, the panel of experts may not necessarily be representative of the usual clinical practice in Spain, given the differences between
Autonomous Communities. Thus, the information
presented must be analyzed in context, since the
data included represent the Spanish population
and may not be extrapolated to other populations.
Another limitation of this study is that the list of
items presented in the questionnaires reflects the
scientific evidence and the opinion of the experts
at the time of its elaboration and may require an
update as soon as new scientific information on
the management of patients with PMO. However,
there are still gaps in the medical care of the
patient with fracture and the referral of patients
with difficulties to the corresponding specialists31.
Therefore, the information provided by this study
contributes to the literature on managing patients
with PMO. It highlights the multiple opportunities
for improvement in the field of follow-up of
patients with PMO.
On the one hand, the lack of referral circuits
per patient profile in each department or health
area and, on the other hand, the need to specify
the criteria for conducting clinical tests and evaluating patient-centered results for each profile. In

conclusion, the information gathered in both
Delphi and in the discussion groups provides a
guide to optimize patient care with PMO in Spain’s
Health System.
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Summary
Objetives: Identify putative functional variants in the CYP11A1 and CYP17A1 genes associated with musculoskeletal effects (accelerated bone mass loss and arthralgia) derived from treatment with aromatase
inhibitors (AI).
Material and methods: The B-ABLE cohort is a prospective study of postmenopausal women with breast
cancer undergoing AI treatment. Bone mineral density in the lumbar spine and femoral neck was measured by densitometry and joint pain using visual analogue scale. From single-nucleotide polymorphisms
(SNPs) in genes CYP11A1 (rs4077581, rs11632698 and rs900798) and CYP17A1 (rs4919686, rs4919683,
rs4919687, rs3781287, rs10786712, rs6163, rs743572), previously associated with musculoskeletal events,
haplotypes were constructed for each pacient from the cohort, and those haplotypes that showed greatest phenotypic differences were chosen (p<0.05). Within each haplotype, patients with extreme phenotypes were chosen for the sequencing of respective genes and identifying functional genetic variants.
Finally, a multiple linear regression analysis was carried out considering the models of dominant, recessive and additive genetic inheritance.
Results: No mutation was found in coding regions. A genetic variant (D15S520), in the basal promoter
region of gene CYP11A1, was found associated with femoral neck bone loss at 24 month of AI treatment.
Conclusions: Variants in regulatory regions of the CYP11A1 gene could modulate the expression of this gene,
thus explaining part of the phenotypic variability found in bone loss of patients undergoing AI treatment.
Key words: aromatase inhibitors, breast cancer, arthralgia, bone mineral density, CYP11A1, CYP17A1, genetic association study.
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Introduction
The use of aromatase inhibitors (AI) as adjuvant
therapy after surgery, and/or radiotherapy, and/or
chemotherapy, has achieved a significant increase
in survival in postmenopausal women diagnosed
with breast cancer with hormone receptors (estrogen and/or progesterone) positive (HR), in the
initial stages1,2.
The action of aromatase on testosterone and
androstenedione produces estradiol and estrone3.
These two components constitute the main source
of estrogen in postmenopausal women. This aromatization process is performed in peripheral tissues, such as adipose tissue and muscle.
Approximately two-thirds of breast tumors have
been shown to have aromatase activity, locally
producing estrogens in the tumor itself that stimulate the growth of breast tumor cells4. AI directly
blocks estrogen production in the tumor and also
causes a drastic reduction in circulating estrogen
levels5.
Sustained estrogen deprivation due to AI therapy causes an accelerated loss of bone mass,
increasing the risk of osteoporotic fracture6. AIs
may also produce other adverse musculoskeletal
effects, such as arthralgia and muscle pain, which
may hinder adherence to therapy during the years
of prescribed treatment7,8.
Furthermore, patients treated with AI reportedly present a large inter-individual variability in
the appearance and intensity of musculoskeletal
symptoms, suggesting that there are factors that
may increase their appearance. In this sense, vitamin D levels (Vit D) have been linked to the appearance of arthralgias9. Likewise, there is probably
also a genetic basis that modifies, in part, the
effect of AI. Several studies have linked genetic
variants associated with increased pain and loss of
bone mass in women treated with AI of the BABLE cohort10,11.
Specifically, single nucleotide polymorphisms
(SNPs) in the CYP11A1 gene: rs4077581,
rs11632698 and rs900798 were associated with
loss of bone mineral density (BMD) at the femoral
neck (FN) at 2 years of treatment with IA11. The
CYP11A1 gene encodes the cholesterol side chain
cleavage enzyme (alternative name: P450scc) that
catalyzes the first and limiting step of steroidogenesis, converting cholesterol to pregnenolone. In
addition, P450scc can also hydroxylate vitamin
D2, D3 and its precursors12,13, suggesting a broad
spectrum of functions in cellular metabolism.
On the other hand, seven SNPs of the
CYP17A1 gene (rs4919686, rs4919683, rs4919687,
rs3781287, rs10786712, rs6163, rs743572) were
associated with increased pain at 1 year of treatment with IA10. CYP17A1 (17α-hydroxylase/17,20
lyase) is a key enzyme in the steroidogenic pathway that produces progestins, mineralocorticoids,
glucocorticoids, androgens, and estrogens.
None of the SNPs of the CYP11A1 and CYP17A1
genes, previously genotyped, cause non-synonymous changes in protein, nor are they known to
have any regulatory function of gene expression.

It is possible that functional variants of the
genes involved in both the coding region that
would modify enzyme activity and in regulatory
regions that would regulate gene expression levels
could be implicated in AI side effects. Therefore,
the aim of this study is to identify putatively functional variants in the CYP11A1 and CYP17A1
genes.

Material and methods
Study population
The B-ABLE cohort (Barcelona-Aromatase induced
Bone Loss in Early breast cancer) is the population
of a prospective study that includes postmenopausal patients with RH positive breast cancer and treated at the Hospital del Mar de Barcelona.
Participants receive AI (letrozole, exemestane or
anastrozole) over 5 years, or alternatively after 2 or
3 years of treatment with tamoxifen (3 and 2 years
of AI, respectively), according to the American
Society of Clinical Oncology’s recommendations,
starting within 6 weeks post op or 1 month after the
last cycle of chemotherapy14.
Exclusion criteria were: alcoholism, grade 3b
renal insufficiency, rheumatoid arthritis, bone
metabolic diseases other than osteoporosis,
Paget's disease, osteomalacia, primary hyperparathyroidism, hyperthyroidism, insulin-dependent
diabetes mellitus, previous or ongoing treatment
with antiresorptive agents, oral corticosteroids or
any other drug that could affect bone metabolism
except tamoxifen.
Measurements
Bone mineral density
At the outset and every 12 months until the end of
treatment, levels of BMD at the lumbar (LS L1-L4),
femoral neck (FN) and total hip (TH) were measured using the dual X-ray energy densitometer
(DXA) QDR 4500 SL® (Hologic, Waltham,
Massachusetts, USA). The variation coefficient for
this technique in our center is 1% in LS and 1.65%
in FN. Densitometries with artifacts, degenerative
disc disease with osteophytes, osteoarthritis with
hyperostosis of the facet joints, vertebral fractures
and/or aortic calcifications, and all those that
could cause a false increase in BMD, were excluded as in the description of Blake et al.15. It was
then analyzed by the relative loss of bone mass.
Visual Analogue Scale
Joint pain was measured using the visual analogue
scale (VAS), at baseline, at 3 months and then
every 12 months until the end of the study. Joint
pain was assessed: hands, shoulders, knees, hips,
ankles and feet, on a scale of 1 to 10 with decimals. Subsequently it was analyzed by means of
the VAS absolute change.
Demographic variables
Data were collected from a large number of clinical
variables at the time of recruitment, including age,
menarche and menopause ages, lactation time,
number of deliveries, previous chemotherapy and
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radiotherapy, adjuvant treatments, weight, smoking
habits and calcium intake through the INDI-CAD
survey16.
Construction of haplotypes
Previous studies in the B-ABLE cohort genotyped
SNPs located in the CYP11A1 and CYP17A110,11
genes. SNPs that showed a statistically significant
association with the evaluated phenotypes were
chosen for the construction of haplotypes (Figure 1).
To establish the relationship of the haplotypes
of the CYP11A1 gene to the SNPs rs4077581,
rs11632698 and rs900798 in the B-ABLE cohort,
the haplotype frequencies were calculated with
the haplo.em analysis and the most common
haplotypes (frequency >0.01).
The CYP17A1 gene haplotypes were constructed in the same manner with the SNPs rs743572,
rs6163, rs10786712, rs3781287, rs4919687, rs4919686
and rs4919683. Each haplotype was assigned a code
to facilitate its nomenclature during the study.
DNA Extraction and Sanger Sequencing
DNA extraction was performed from peripheral
blood using the Wizard® Genomic DNA
Purification Kit (PROMEGA). The coding regions,
5'UTR, 3'UTR and proximal promoter (up to -601
bp for CYP11A1 and -589 bp for CYP17A1) were
amplified with the primers described in Table 1.
Sequencing was performed using the Sanger
method. The sequences were analyzed with the
Sequence Scanner program (v1.0) and alignment
with the reference sequence (NCBI Reference
Sequence: CYP11A1 NG_007973.1 and CYP17A1
NG_007955.1) was carried out through the
Multiple Sequence Alignment (EMBL-EBI).
Statistical analysis
The frequency of the CYP11A1 and CYP17A1 SNPs
was estimated using the expectation-maximization
algorithm. The association between haplotypes and
phenotypes (change in BMD in CF and increased
pain) was analyzed using the haplo.glm, based on
glm regression analysis, adjusting for age, body mass
index (BMI), previous tamoxifen therapy And chemotherapy. The most common haplotype was used
as the reference haplotype and the additive model
was assumed to obtain a p-value and the β-coefficient relative to the reference haplotype.
The potential differences between the characteristics of the patients selected according to their
haplotype and with extreme phenotypes were
evaluated with Student's t-test for independent
samples.
The association between the genetic variants
found in the sequencing and the extreme phenotypes were analyzed by multiple linear regression, contemplating dominant, recessive and additive genetic inheritance models.
All statistical analyzes were defined as significant
with P<0.05. These were performed using the SPSS
(version 22) and R for Windows (version 2.15.2) statistical programs using packages, foreign, rms, multtest, plyr, boot, haplo.stats and SNPassoc.

Ethics statement
The study protocols have been approved by the
Ethical Committee for Clinical Research of the
Marine Health Park (2013/5283/I). Approved protocols for obtaining DNA from blood samples
were explained to potential participants, who signed an informed consent before being included in
the study.

Results
Baseline characteristics of patients in the B-ABLE
cohort
Table 2 shows the demographic characteristics,
BMD values and the evolution of the musculoskeletal symptomatology by VAS, for the CYP11A1
and CYP17A1 genes, in which the haplotypes
were constructed.
The scheme of the procedure to reach the final
analysis of genetic association with extreme phenotypes of BMD and musculoskeletal symptomatology by VAS is shown in figure 2.
Construction of the haplotypes of the CYP11A1
gene and the CYP17A1 gene
Table 3 shows the constructed haplotypes and the
association analysis of the CYP11A1 and
CYP17A1 genes with the BM change in CF at 2
years and increased pain at 12 months of AI treatment, respectively.
In the CYP11A1 gene, the haplotype that showed a major phenotypic difference with respect to
the reference haplotype (11.1) was 11.2, where
patients carrying haplotype 11.1 in homozygosity
had a loss of BMD 4.41 times greater than haplotype carriers 11.2 in homozygosis (Table 4).
In the case of the CYP17A1 gene, haplotypes
17.3 and 17.4 showed statistically significant differences with respect to the reference haplotype
(17.1). Patients homozygous for haplotype 17.1
showed an increase in pain 3.26 times more than
patients homozygous for haplotype 17.4 (Table 4).
Selection of patients for the genetic study by
Sanger sequencing
Based on the results of the haplotype-association
analysis, we selected patients from the B-ABLE
cohort who had haplotypes (with a 99% probability) showing greater phenotypic differences: for
the CYP11A1 gene, The haplotypes 11.1 and 11.2
in homozygosis. For the CYP17A1 gene, we selected patients with haplotypes 17.3 and 17.4, both in
homozygosis and in heterozygosity. In addition,
patients with haplotype 17.1 and any other
haplotype (with the exception of 17.3 and 17.4)
were selected (Figure 2 and Table 3).
Later, within each CYP11A1 gene haplotype
group, patients who showed an extreme phenotype in CF BMD (greater or less loss of BMD at 24
months of treatment) (n=40) were selected. The
same procedure was performed for the haplotype
groups of the CYP17A1 gene in which patients
with the extreme phenotype for arthralgia (greater
or lesser pain increase at 12 months of treatment)
(n=39) were selected (Table 5).
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Figure 1. SNPs selected for the construction of haplotypes

rs900798

rs11632698

rs4919683

rs4077581

rs4919686

rs3781287
rs4919687 rs10786712 rs743572
rs6163

Identification of genetic variants and analysis
of association with extreme phenotypes
Following sequencing of the CYP11A1 and
CYP17A1 genes, several SNPs were found in both
genes. None of them corresponded to a nonsynonymous change, or in splicing sites and, therefore, a change in the protein sequence was
ruled out.
However, in the basal promoter region of the
CYP11A1 gene, a genetic variant (D15S520) associated with the BMD variation in CF at 24 months
was found (Coefficient β=-6.32; 95% confidence
interval (CI): [-8.55, -4.09], p=3.71e-06).
The D15S520 polymorphism is a microsatellite
in the -373 bp position that is used as a genetic
marker (Sequence Tagged Sites, STS) and consists
of the tandem repeat of pentanucleotide (TAAAA)
n. In our patients, the number of repetitions observed was 4, 6, 8 and 9.
The haplotype 11.1 was found to correlate with
the allele of 4 replicates of the pentanucleotide. In
contrast, patients carrying haplotype 11.2 had different alleles of the microsatellite that could be
homozygosis or heterozygous, but never the allele with 4 replicates.

Discussion
AIs have a number of side effects, including the
onset or increase of arthralgias and loss of bone
mass, thus increasing the risk of fractures. All this
can affect compliance with therapy, decrease the
quality of life of patients and increase the risk of
breast tumor recurrence.
In previous studies, genetic variants of the
CYP11A1 and CYP17A1 genes were associated
with loss of BMD in FN11 and increased joint
pain10, respectively. None of the SNPs associated
with these events produced a change in the protein structure and, therefore, a possible functionality of these SNPs in the determination of the event
was discarded.
In order to identify putative functional genetic
variants that explain the association of these genes
with musculoskeletal effects, the coding and regu-

latory regions of the CYP11A1 and CYP17A1
genes were sequenced.
No variant was found in the coding region that
would cause a change in the amino acid sequence of the protein and, therefore, could involve a
structural change of the enzyme. However, a
genetic variant, D15S520, located in the regulatory
region of CYP11A1, was found to be associated
with loss of bone mass.
The D15S520 is a microsatellite based repeating pentanucleotide (TAAAA) n located in the
CYP11A1 promoter, at 528 bp upstream from the
start of gene translation. In our study, this polymorphism was found to be significantly associated
with loss of bone mass at 24 months of AI treatment. It has been observed that all patients carrying the 11.1/11.1 haplotype were also carriers of
the 4/4 genotype. In the B-ABLE cohort, these
patients had a greater predisposition to lose bone
mass (-3.014%) than those with haplotypes
11.2/11.2 (-0.683%).
This microsatellite was previously associated
with the risk of breast cancer17,18, although there is
some controversy concerning the results19,20. The
study by Sakoda et al.18 suggested that women
with 4 repetitions in homozygosis would have a
lower risk of breast cancer. One hypothesis would
be that the allele of 4 replicates would affect the
expression of the CYP11A1 gene by decreasing
estrogen production. As a consequence, lower
estrogen exposure would reduce the risk of breast
cancer21, but during treatment with AI, the remaining estrogen levels may be lower than those of
the carriers of the other alleles, thus increasing the
loss of bone mass.
The detection of genetic variants that partly
explain the action of AIs on the musculoskeletal
system would allow for the development of personalized therapies in order to avoid, or at least anticipate, the side effects of AI. This could improve
adherence to the treatment of these patients,
which currently stands between 75.5-78.5%, thus
avoiding relapses and a new contralateral breast
cancer22.
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Table 1. Pairs of primers used
Promoter
5’UTR y EXÓN 1
EXÓN 2
EXÓN 3
EXÓN 4
CYP11A1
EXÓN 5
EXÓN 6
EXÓN 7
EXÓN 8
EXÓN 9 y 3’UTR
Promoter 1.1
Promoter 1.2
5’UTR y EXÓN 1
EXÓN 1.1
EXÓN 1.2
EXÓN 1.3
EXÓN 2 y 3
CYP17A1
EXÓN 3
EXÓN 4 y INTRÓN 4
INTRÓN 4.2 y EXÓN 5
INTRÓN 5, EXÓN 6 y
INTRÓN 6.1
INTRÓN 6.2
EXÓN 7 y INTRON 7.1
EXÓN 8 y 3’UTR
F: forward; R: reverse.

F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'
F'
R'

5'-CAACCAGATTTGCCAAGGTC-3'
5'-GGGCCAAGATTATAACTACCAGC-3'
5'-GCACAGGCAGATATTTCAGGA-3'
5'-GGGGACTACAGCAGGGCTAC-3'
5'-CCTATTGTCTTGTCCTTCAGCA-3'
5'-AGGTGGGACTCAGTGAGCAA-3'
5'-GTGAGAGGCAGAGGGTGCT-3'
5'-CAGAGCAAGGGGTCTCACTC-3'
5'-GTTGCCAGAGGTCAGCTTTC-3'
5'-CAACAGCCAGCCTTCCAT-3'
5'-CCCCAAGAATTCGATGAAAA-3'
5'-TGACCCCACCATCTTAGGAG-3'
5'-CAAGTGCTGCCCTGAATGTT-3'
5'-TGTGTGGCATCTCAGCCCTA-3'
5'-GAGGTTGGAAGCAGGAAGTG-3'
5'-CTCAGACCCAGGCAAATCAT-3'
5'-AAGGGTGGGACAATCATCCT-3'
5'-AACTGTGGGAGAGAGCGAGA-3'
5'-CAACCACTCATCACCCACTG-3'
5'-GATTCTGCTGGCTCCTGAAC-3'
5'-GGTTCCCCCAGTACGCTAGT-3'
5'-GCCTTGTGGAAAGATTCTCCT-3'
5'-TGACCCTCCTGAATCTGTCA-3'
5'-TTGGGCCAAAACAAATAAGC-3'
5'-GTTTGCCCTGGAGTTGAGC-3'
5'-TCTGAAGACCTGAACAATCCCA-3'
5'-AAGGGCAAGGACTTCTCTGG-3'
5'-TGTGAGCCTGAGTAGCTGGA-3'
5'-GAAAATGGGGGCAGTGACTA-3'
5'-GAGCCGCCTCCTCCTAGA-3'
5'-CAGGGTCAGGAAATGGAAAA-3'
5'-GCGATACCCTTACGGTTGTT-3'
5'-CCAGAGGTGTAAGGGCAAGA-3'
5'-AAAGGAAGGAAGATTGGGGAC-3'
5'-GTGGACCTAGTCCCCTGGTT-3'
5'-AGGGTTTTGTTGGGGAAAAT-3'
5'-CCGCCTCCAGGAGAGACT-3'
5'-GTGCAATGGCATGATCTCAG-3'
5'-CCTGCCCAGACTTGCTCTAC-3'
5'-GGGTCAAAGCCAACTACTGC-3'
5'-CACAATCCTCAGGTGTGCTT-3'
5'-TCTTGAACCCCTGACCTCAT-3'
5'-GCTGGCCAACCTAAAGTCAG-3'
5'-GCCCTTTACTCCCTCATTCC-3'
5'-ACAGAAGCGCCTGTTAGGAG-3'
5'-AGCCCTTAACGACACAGAGG-3'
5'-TCTCTTTTCCATCCTTCCTGA-3'
5'-CGGTGTTGAAAGAATGAGTGAG-3'
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Table 2. Baseline characteristics of patients genotyped for the CYP11A1 and CYP17A1 genes
Patients CYP11A1
(n=391)

Patients CYP17A1
(n=532)

Age (years), mean ± SD

61.3 ± 8.5

61.9 ± 8.5

BMI, mean ± SD

29.5 ± 5.4

28.9 ± 5.2

Age at onset of menopause (years), mean ± SD

49.3 ± 4.5

49.4 ± 4.3

Age of menarche (years), median (IR)

12 (3)

12 (3)

Lactation (months), median (IR)

3 (11)

3 (10)

Number of children, median (IR)

2 (2)

2 (2)

Previous therapy with tamoxifen, n (%)

159 (40.7%)

227 (42.7%)

Previous chemotherapy, n (%)

235 (60.1%)

319 (60.0%)

Letrozole

262 (67.0%)

348 (65.4%)

Exemestane

124 (31.7%)

173 (32.5%)

Anastrozole

5 (1.3%)

11 (2.1%)

BMD LS (g/cm2), mean ± SD

0.961 ± 0.109

0.916 ± 0.132

BMD FN (g/cm2), mean ± SD

0.747 ± 0.085

0.718 ± 0.100

BMD TH (g/cm2), mean ± SD

0.895 ± 0.096

0.850 ± 0.112

VAS, mean ± SD

2.435 ± 2.525

2.434 ± 2.469

Aromatase inhibitor, n (%)

SD: standard deviation; BMI: body mass index; IR: interquartile range, BMD LS, FN and TH: bone mineral density of the lumbar spine, femoral neck and total hip; VAS: visual analogue scale.

The main limitation of this study is that it does
not prove that this microsatellite is really a functional variant, since there are no functional studies of
the CYP11A1 promoter that validate this hypothesis. However, the fact that no functional variable
was found in the coding regions of any of the
genes studied seems to indicate that the observed
association between these genes and the phenotypes has to be caused by genetic variants located in
regulatory regions. Another limitation of the study
is the use of the EVA parameter for the evaluation
of the musculoskeletal symptomatology. EVA assumes that pain is a one-dimensional experience
that can be measured on a single-point intensity
scale. However, the toxicity reported by the
patient more comprehensively captures the side
effects of therapies (ie, pain) in daily experience
and is more consistent with the patient's quality of
life than the clinician-verified toxicity, Thus, being
appropriate for the investigation of the musculoskeletal symptomatology. Likewise, the VAS scale
ratio allows detecting the percentage differences
between the VAS measurements obtained at multiple points in time. Other advantages of the VAS
are its ease and brevity of punctuation, minimal
intrusiveness and conceptual simplicity.
In conclusion, the D15S520 variant of the
CYP11A1 gene promoter could modulate the
expression of this gene, thus explaining some of

the phenotypic variability found in the loss of
bone mass of patients under treatment with AI.
Furthermore, no variant has been found in
CYP17A1 to explain the increase or decrease in
joint pain observed in patients receiving AI. The
promoter regions of these genes should be further
studied to detect possible genetic variants that
could be involved in the regulation of their
expression.
Conflict of interest: The authors declare that
they have no conflicts of interest in relation to this
work.
Funding: This work has been funded by the
FEIOMM 2010 and 2012 grants, the Thematic
Network for Cooperative Research in Aging and
Fragility (RETICEF, RD12/0043/0022), and the support of PI13/00444 Of Science and Innovation).
The Generalitat of Catalonia (DIUE 2014 SGR 775)
and ERDF funds have also contributed to its financing.

Bibliography
1.
2.

Nabholtz JM. Long-term safety of aromatase inhibitors
in the treatment of breast cancer. Ther Clin Risk
Manag. 2008;4(1):189-204.
Gonnelli S, Petrioli R. Aromatase inhibitors, efficacy
and metabolic risk in the treatment of postmenopausal

77

78

ORIGINALS / Rev Osteoporos Metab Miner. 2017;9(2):72-81
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Table 4. Mean of phenotypes (loss of BMD in FN in CYP11A1 and increase in pain in CYP17A1) of patients in
the cohort B-ABLE carrying the haplotypes in homozygosis
Gen

Haplotype code

N patients
homozygotes

Mean phenotype
homozygotes patients

11.1

187

-3.01%

11.2

75

-0.683%

11.3

3

-2.42%

11.4

1

-

17.1

93

1.76

17.2

0

-

17.3

1

-

17.4

18

0.54

17.5

0

-

CYP11A1

CYP17A1

BMD: bone mineral density; FN: femoral neck.
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Table 5. Characteristics of patients with selected extreme phenotypes for genetic analysis
Patients CYP11A1

11.2/11.2 (n=20)

11.1/11.1 (n=20)

Age (years), mean ± SD

60.6 ± 10.8

59.1 ± 9.9

BMI, mean ± SD

27.31 ± 4.6

27.91 ± 4.6

Age at onset of menopause (years), mean ± SD

47.8 ± 3.6

48.2 ± 4.9

Age of menarche (years), median (IR)

13 (2)

12 (2)

Lactation (months), median (IR)

5 (15)

2,5 (9)

Number of children, median (IR)

2 (2)

2 (2)

0 (0%)

0 (0%)

13 (65.0%)

13 (65.0%)

Letrozole

10 (50.0%)

9 (45.0%)

Exemestane

10 (50.0%)

11 (55.0%)

BMD FN (g/cm2) (basal), mean ± SD

0.763 ± 0.104

0.777 ± 0.073*

Change in BMD FN (2 years), relative mean (%) ± SD

2.330 ± 3.203

-7.858 ± 3.684**

17.3/17.4 (n=19)

17.1/- (n=20)

Age (years), mean ± SD

61.79 ± 9.13

61.15 ± 7.85

BMI, mean ± SD

29.22 ± 7.29

31.01 ± 6.23

Age at onset of menopause (years), mean ± SD

48.63 ± 3.99

48.65 ± 5.02

Age of menarche (years), median (IR)

12 (3)

12 (3)

Lactation (months), median (IR)

3 (12)

6 (14)

Number of children, median (IR)

2 (1)

2 (1)

Previous therapy with tamoxifen, n (%)

14 (73.7%)

15 (75.0%)

Previous chemotherapy, n (%)

12 (63.2%)

14 (70.0%)

Letrozole

11 (57.9%)

8 (40.0%)

Exemestano

7 (36.8%)

11 (55.0%)

Anastrozole

1 (5,3%)

1 (5,0%)

VAS (basal), mean ± SD

2.750 ± 0.097

0.825 ± 1.270*

Change in VAS (1 year), mean ± SD

-0.078 ± 2.264

6.290 ± 1.032**

Previous therapy with tamoxifen, n (%)
Previous chemotherapy, n (%)
Aromatase inhibitor, n (%)

Patients CYP17A1

Aromatase inhibitor, n (%)

SD: standard deviation; BMI: body mass index; IR: interquartile range, BMD FN: bone mineral density of the
femoral neck; VAS: visual analogue scale; *p<0.01; **p<0.001.
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Summary
Objectives: To determine the prevalence of primary hyperparathyroidism (HPTP) using PTH and Ionic calcium screening in a population sample of Guayaquil (Ecuador).
Materials and methods: Prospective, cross-sectional study carried out between January 1, 2009 and
November 30, 2014 of 13,860 people who attended routine control tests. All were tested in serum parathyroid hormone (PTH), ionic calcium, serum creatinine and the 25 (OH) total vitamin D (total VD). The
diagnosis of HPTP was confirmed if PTH or Ionic calcium levels remained high at least in two different
occasions. We excluded patients with raised serum creatinine, vitamin D insufficiency, malabsorption,
chronic liver disease, or those receiving treatments that alter phosphocalcic metabolism.
Results: 61 cases were found with raised PTH on at least two different occasions. Among these, 34 presented vitamin D insufficiency and were excluded from the analysis. In 27 cases (4 men and 23 women)
the diagnosis of HPTP was confirmed. The average age for women was 64.5±15.4 years and men of
71.3±12.8 years; average PTH values were 115±24.2 pg/ml; Ionic calcium, 5.15±0.4 mg/dl; total VD,
47.1±20.2 ng/ml; and serum creatinine 0.84±0.2 mg/ml; prevalence of HPTP corresponds to 2 cases per
thousand adults (95% CI: 1.71-2.18). The greatest increase in prevalence occurred in women aged 60
years.
Conclusion: PTH prevalence in this sample is low compared to that reported in international series, being
higher in advanced ages and in women. With the proposed screening for PTH and ionic calcium, we
detected the normocalcemic form of HPTP in most cases.
Key words: primary hyperparathyroidism, screening, ionic calcium, prevalence, normocalcemia, epidemiology, vitamin D.
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Introduction
Primary hyperparathyroidism (HPTP) is a relatively common endocrine disorder. Among endocrine diseases, it ranks third in frequency of diagnosis1. HPTP is usually diagnosed in the sixth decade of life and is more common in women1. Its clinical presentation has changed in recent decades,
evolving from a classical form with significant
bone and renal involvement2, to the asymptomatic
form that we are currently seeing3.
The epidemiology of HPTP has been difficult
to establish, since the international literature contains different figures on incidence and prevalence in different populations.
The prevalence of HPTP depends on the populations studied and the detection methods used. In
studies of Caucasian populations, it ranges from 1
to 7 per 1,000 adults4-6. A biochemical screening
study has established a prevalence of 1 to 21 per
1,000 adults7-9. Incidence also varies according to
the sources. Incidence studies with PTH and total
calcium determinations have been described, in
which both high and low rates are reported5,7,9-15.
In Latin America, there are few studies on the
epidemiology of the disease, with the exception of
Eufrazino et al.16 in Recife (Brazil), Mautalen et al.
in Argentina17, and in Chile by López et al.18. In
Ecuador, PTH prevalence of 7.1% was found in a
selected sample of postmenopausal women with
low bone mass19.
The present study would be the first of its kind
to evaluate HPTP prevalence in the city of
Guayaquil (Ecuador), applying a uniform biochemical screening, by means of the simultaneous
measurement of parathyroid hormone (PTH) and
serum ionic calcium, and compare our results with
those reported in the literature.

Material and methods
This descriptive, prospective and cross-sectional
epidemiological study aims to determine the prevalence of PTH during the period between
January 1, 2009 and November 30, 2014 in two
reference centers in the city of Guayaquil.
According to data from the last Population and
Housing Census of 2010, provided by the National
Institute of Statistics and Censuses of Ecuador
(INEC)20, the population of Guayaquil grew from
2,440,553 to 2,560,505 inhabitants from 2010 to
2014 (Table 1).
The study was approved by the Ethics and
Research Committee at the Guayaquil National
Police Teaching Hospital Nº 2.
The diagnosis of PTHP was defined when PTH
levels >72 pg/ml (normal values: 12-72 pg/ml)
and/or ionic calcium >5.6 mg/dl (normal values:
4.5-5,6 mg/dl) remained elevated on at least two
or more different occasions. Serum creatinine,
total 25 (OH) vitamin D (D2+D3), and a basic biochemical study (complete blood count, glycemia,
liver enzymes, serum lipids, and nitrogen products) were also measured in serum.
Biochemical screening with serum PTH and
ionic calcium measurement was carried out in

13,860 people living in the city of Guayaquil
(Figure 1), who underwent routine check-ups at
the hospitals participating in the study. Patients
were treated in primary care units, where they
underwent screening tests. Those who returned
for routine monitoring and presented serum PTH
and/or calcium levels higher than the reference
ranges were required to perform an additional
assessment of PTH and serum calcium levels.
Serum ionic calcium was measured after 12
hours of fasting and without tourniquet use, under
anaerobic conditions (taking the sample in a
vacuum tube and uncovering the tube just before
the test), and was reported without correction for
pH, by direct measurement with selective ion electrode (NOVA-8 equipment), with reference values
of 4.5 to 5.6 mg/dl.
Serum PTH (intact molecule) was measured
with SIEMENS Immulite 2000 equipment (enzymelabeled, two-site solid-phase chemiluminescent
immunometric assay), with reference values ranging from 12 to 72 pg/ml. The intra-assay precision presented a coefficient of variation of 5.7, 4.3
and 4.2% for concentrations of 72, 258 and 662
pg/ml, respectively, and an interassay coefficient
of variation of 6.3 and 8.8% For concentrations of
54 and 387 pg/ml, respectively. The limit of detection was 3.0 pg/ml and linearity up to 500,000
without Hook effect. PTH levels were considered
inadequately "normal" when they were above the
75th percentile of the reference value (PTH ≤57
pg/ml) in the presence of hypercalcemia on 2 different occasions.
Serum level of 25 (OH) total vitamin D (total
VD=D3+D2) was measured by chemiluminescence,
with normal values: 30-70 ng/ml (Centauro kit;
competitive 1-step assay with anti-Flurocein). Total
precision presented a coefficient of variation of
11.1, 9.6, 9.8, 8.2, 7.8, 4.8% for concentrations of
11.7, 18.0, 32.4, 49, 9, 55.8, 132.1 ng/ml, respectively, with detection limit of 3.2 and linearity up to
150 ng/ml. values ≥30 ng/ml were considered sufficient; mild insufficiency, between 20-29 ng/ml;
moderate insufficiency, between 10-19 ng/ml; and
severe deficiency, <10 ng/ml21,22.
Renal function integrity was documented in all
cases by measuring serum creatinine levels and
calculating endogenous creatinine clearance
expressed in ml/min (formula corrected for age,
sex, weight and serum creatinine:
[140 – age (years) x weight (kg)] / [72 x creatinine
Serum (mg/dl)] x 0.85 (correction factor alone
in women).
Cases with a high level of calcium and/or PTH
on one occasion were considered spurious and
excluded. Cases with raised serum creatinine,
malabsorption, chronic liver disease, vitamin D
insufficiency or those receiving treatment that could
alter phosphocalcic metabolism and/or PTH levels
(glucocorticoids, estrogens, bisphosphonates, thiazides, lithium , calcium). All biochemical measurements were carried out in a single reference laboratory. All women and men aged 20 years or older
were included in the screening sample. Ages ran-
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Table 1. Projection of the Ecuadorian population by
calendar years, according to cantons
Code

Name of the
canton

2010

2014

901

Guayaquil

2,440,553

2,560,505

Source: Population and housing census of the year
2010. National Institute of Statistics and Censuses of
Ecuador (INEC)21.

ged from 20 to 89 years. We stratified the cases by
sex and age groups: 24-50, 51-60, 61-70 and 71-89
(Figure 2). Data are expressed as mean and standard deviations with the corresponding confidence
intervals, 95% confidence level. For the comparison
of groups, we used Student's t-test for independent
means. A value of p<0.05 was considered statistically significant. Prevalence of the disease was calculated as the number of existing cases divided by
the population screened and expressed as a proportion of each population of 1,000 adults. Epidat
3.1 software was used to analyze the data.

Results
Of the 13,860 people evaluated in the screening
period, HPTP was found in 27 cases. Patients
(n=13,378) with elevated serum creatinine and/or
receiving treatments affecting phospocalcic metabolism (estrogens, bisphosphonates, lithium, calcium, thiazides) were excluded. Patients with normal and untreated serum creatinine but who had
normal levels of ionic calcium and serum PTH
were also excluded. In 482 cases PTH was elevated on at least one occasion of several successive
ones; 61 cases had elevated PTH on two or more
occasions, but 34 of them had total VD values in
the range of insufficiency and were excluded. In
the remaining 27 cases, the biochemical diagnosis
of PTH was confirmed by raised PTH on two or
more occasions (95% CI: 105.01-124.18), preserved renal function (95% CI: 0.765-0.915), and sufficiency of total RV (≥30 ng/ml) (95% CI: 39.1255.09). In 25 cases (93%), the ionic calcium was in
normal ranges (95% CI: 5.0-5.29) and only 2
(women) had minimally elevated values (5.89 and
5.95 mg/dl, respectively).
HPTP was diagnosed more frequently in
women than in men (4 men and 23 women), with
a 6:1 ratio; the majority of women (87%) were
menopausal (n=20).
Table 2 presents the results of the biochemical
variables of all patients with confirmed diagnosis
of PTHP.
In our series, PTHP was diagnosed more frequently from the sixth decade of life in women,
with a mean age of cases around 65 years (95% CI:
57.82-71.12; Range between 24 and 88) and a little later in men, at age 71 (95% CI: 50.95-91.55).
PTH levels far exceeded the upper limit of normal and were similar between women and men
(p=ns). In spite of the large increase in PTH levels,

in almost all cases serum calcium levels were in
the normal range or were slightly higher (range
4.52 to 5.95), and were not different between Men
and women (p=ns). Serum levels of total vitamin
D were found in the normal range (>30 ng/ml) in
27 cases, and were not different between males
and females (p=ns).
In 34 cases vitamin D was in the insufficiency
range 21.62±4.7 ng/ml (95% CI: 19.98-23.26) and
were excluded from the analysis. In these cases,
vitamin D replacement was not performed.
Serum creatinine was within the normal ranges
in all cases (95% CI: 0.76-0.91), as well as the
endogenous creatinine clearance calculated by the
corrected formula.
HPTP prevalence in this sample of the population of Guayaquil corresponds to 2 cases per thousand adults (95% CI: 1.714-2.182). The highest increase in the prevalence of PPH was seen in women
≥60 years and in men ≥70 years (Figure 2).

Discussion
Prevalence studies of HPTP have been carried out
mostly in Caucasian populations4,6,7,10, so that there
is no exhaustive information available in other
ethnicities and races of our Latin America. Only
recently, Yeh MW et al. reported an age-adjusted
prevalence of 169.4 and 54.8 per 100,000 women
and men in a sub-group of Hispanic race, respectively11. The population of Ecuador is multiethnic
and the mestizo group is the majority, with an estimated 72% of the total population20.
Data from epidemiological studies show that, in
certain populations at risk, for example, in postmenopausal women and with decreased bone mass,
the prevalence ranges from 2.1 to 11.5%19,23-25.
HPTP is much more common among women,
with a ratio of women to men over the age of 60
in the range of 5 to 7:11,17, which is in agreement
with our results.
PTHP is recognized as the most common
cause of hypercalcemia in outpatient care26, and in
its classic form it has raised levels of PTH, renal
lithiasis, and severe bone involvement1,9,27. This
classic form is still frequently found in developing
countries, probably due to the time of delay in
diagnosis and the lack of accessibility to measurements of calciotropic hormones and ionic calcium27.
Another form of presentation of PTHP was
identified formally in 2008, identified as normocalcemic HPTP28, but its description is still incomplete, particularly with respect to its epidemiology,
natural history and treatment. Patients with this
condition lack the classic HPTP characteristics,
and have high levels of PTH with normal serum
calcium, which are considered an early sign of the
disease29,30. The diagnosis should focus on the
exclusion of all causes of secondary hyperparathyroidism, particularly vitamin D deficiency (<30
ng/ml) and decreased renal function (endogenous
creatinine clearance <60 ml/min)30.
Normocalcemic HPTP prevalence varies from
0.7 to 16.7%31-33 according to the design of the stu-
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Figure 1. Design of PHPT screening in Guayaquil (Ecuador)

Measurement of PTH and
ionic calcium
n=13,860

Patients with raised PTH
n=482

Patients with raised creatinine
were excluded or those with
treatments that affect
phosphocalcic metabolism
n=13,378

Raised PTH not confirmed
on successive occasions
n=421

Raised PTH confirmed on
≥2 successive occasions
n=61

They are discarded for
presenting RV insufficiency status
n=34

The diagnosis of PHPT
is confirmed
n=27

HPTP: primary hyperparathyroidism; PTH: parathyroid hormone; VD: vitamin D.

dies, populations studied, age, sex and methods
used. In our series, most cases (93%) had high
levels of PTH with ionic calcium in the range of
normal or minimally elevated. This would show
that the detection was carried out in the early stages of the disease34 and/or that the predominant
form of HPTP presentation in our population is
normocalcemic.
The detection of HPTP cases in epidemiological studies has been carried out using a combination of biochemical, histopathological, radiological
and clinical data sources5,6,13,14,35. However, it should
be noted that all data sources have a considerable
bias in the results. Taking this into account, our
study reveals some findings that are worth highlighting.
Although some controversy persists regarding
the usefulness of serum ionic calcium determination, this is a method that reliably allows the diagnostic approach in HPTP. The total calcium concentration does not reliably reflect the predicted
increase in the free fraction, especially in cases
with minimal or no increase in the total serum calcium level29,36,37.
Population screening with the simultaneous
measurement of serum PTH and ionic calcium at
least twice allows us to effectively and safely identify cases. Measuring vitamin D levels and assessing the integrity of renal function allows us to
separate the secondary causes of parathyroid
hyperfunction. In general terms, the use of our

biochemical screening of HPTP would solve the
possible research bias obtained in the results of
other studies. For example, if only histopathological data were used, there would be a higher detection rate for the minority of patients who are treated surgically. Another bias may also be found in
patients with thyroidectomies, where parathyroid
adenomas may be found coincidentally in normocalcemic individuals, but these patients cannot be
considered cases of PTH38. As for radiological studies, they are not an appropriate method for HPTP
screening because of their reduced sensitivity and
specificity39.
Among the weaknesses of our study, we pointed out that we did not measure calcium in urine,
so we recognize that in our series, the presence of
cases with idiopathic hypercalciuria or familial
hypocalciuric hypercalcemia cannot be ruled out,
although the latter is a rare disease with an estimated prevalence in 1 out of 78,000 people40. We also
note the inherent limitations of the formula used
to calculate endogenous creatinine clearance.
In conclusion, we have characterized the largest series of patients with PHTP described to date
in our country and documented the prevalence of
HPTP for the first time in our population.
Compared to the international series, the prevalence of HPTP is low in this sample and is higher
in women and in advanced ages. The biochemical
presentation corresponds mostly to the normocalcemic form of the disease.
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Figure 2. Cases of primary hyperparathyroidism stratified by age and sex
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Table 2. Biochemical characteristics of cases with diagnosis of confirmed primary hyperparathyroidism
Men (n=4)

Women (n=23)

Total (n=27)

Age, years

71.25 ± 12.76

64.2 ± 15.4

65 ±1 5

PTH, pg/ml

113 ± 15.12

114.9 ± 25.8

114.6 ± 24.2

Ionic calcium, mg/dl

5.15 ± 0.36

5.15 ± 0.38

5.15 ± 0.37

Total vitamin D, ng/ml

44.2 ± 6.85

47.6 ± 21.8

47.3 ± 20.18

Serum creatinine, mg/ml

0.85 ± 0.16

0.84 ± 0.19

0.84 ± 0.19

PTH: parathyroid hormone. Values are expressed as mean ± standard deviation.

Our data may help health authorities develop
effective strategies for prevention and treatment of
skeletal (and non-skeletal) complications of HPTP
in our population.
Conflict of interest: The authors declare that
they have no conflicts of interest in relation to this
work.
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Summary
In recent years, progress has been made in regulating skeletal development and maintenance of bone
mass of the adult by the hypothalamus-pituitary-thyroid axis. Studies have been carried out into the effect
of thyroid hormones on the osteoblasts, osteoclast and the chondrocyte. This research has led to better
genetic knowledge into the physiology of the cellular action of these hormones. Recently, possible D2
deodinase interventions in osteoporosis have been proposed. The link between bone mineral dignity,
bone quality and the risk of fractures with thyroid hormones in normal postmenopausal women suggest
a role for these hormones, even within the range of normal thyroid, in these diseases.
On the other hand, the incidence of differentiated thyroid cancer, experimental in vivo thyroid hormone
suppression by therapy, recurrent disease, has increased significantly. There are management guides, but
it is clear that the secondary derivatives require a precise balance-adjusted indication, risk-benefit ratio of
thyroid hormone dosage, prescribed long term, especially in cases of low tumor aggressiveness, advanced age and even in fragile patients. High risk patients should be referred for a bone densitometry, to
consider treating future fractures. Prevention of osteoporosis, particularly in postmenopausal women, is
highly desirable and should include adequate diet in calcium and vitamin D supplementation if necessary. There is still no consensus on osteoporosis treatment in the patient with thyroid cancer and suppressive treatment, but the indicated criteria for postmenopausal osteoporosis seem to be applicable in
general.
Key words: thyroid cancer, dual-photon densitometry, bone mineral density, trabecular bone score, hyperthyroidism and subclinical hypothyroidism, thyrotrophic hormone.
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Introduction
Thyroid hormones (HT) are involved in skeletal
development, peak bone mass acquisition, and
maintenance of bone remodeling. Clinical-epidemiological studies indicate that both deficiency
and excess of HT are associated with risk of fractures, with euthyroidism being considered as fundamental for the normal functioning of bone
remodeling1.
This "homeostatic" response to HT is regulated
at different levels, but in particular by the conversion of thyroxine (T4) to triiodothyronine (T3) by
iodothyronine deiodinases, responsible for the latter acting on its peripheral receptors.
In this paper, we will review the cellular
actions of HT on bone, and especially the in vivo
experimental model of thyroid stimulating hormone excess and suppression (TSH) in patients with
differentiated thyroid carcinoma (CDT) in women
Pre and postmenopausal. In men with CDT there
are no longitudinal quality studies for analysis.
Thyroid hormones and bone
HT and bone are closely related, since HT are key
regulators of bone remodeling. HT plays a key role
in the growth and development of vertebrates. HT
are iodothyronines synthesized in the thyroid gland,
whose constant secretion is ensured by two mechanisms: 1) secretion of HT controlled by a retroactive
mechanism, hypothalamic-pituitary-thyroid gland
axis (Figure 1), and 2) by regulated intracellular activation by iodothyronine-deiodinases2.
Thyroid stimulating hormone (TSH) produced
by the thyrotrophic cells of the pituitary gland,
promotes the synthesis and secretion of HT,
mainly 3, 5,3',5'-tetraiodothyronine (T4), or thyroxine. It is considered that T4 behaves as a prohormone that needs to be converted to the 3,3',5 triiodothyronine (T3), which is more potent and is
considered biologically active, which is carried out
through a 5'-monodeiodination Present in tissues.
If iodine cleavage is position 5, this molecule
results in the inactive metabolite 3,3',5'-triiodothyronine, or reverse T3 (rT3), with weak agonist activity on the same receptors as T3.
The thyroid gland secretes T4 and also small
amounts of T3, the active hormone. The majority
of circulating T3 originates from the deiodination
of T4 in peripheral tissues. To perform genomic
action, T4 must be converted to T3 (Figure 2). Of
the three deiodinases involved in the metabolism
of HT, deiodinase type 1 (D1), which is expressed
mainly in the thyroid gland, is the main responsible for the transformation of T4 to T3. It is estimated that D2 intervenes in the control of its concentrations, contributing to limit the access of the HT
to the tissues, during the processes of tissue development and repair. The joint action of D2 and D3
would be responsible for the intracellular control
of the availability of T33.
The uptake of thyroid hormones by tissues is
carried out by specific transporter proteins. Both
T4 and T3 enter the target cells through membrane-specific transporters, including monocarboxy-

late transporters 8 and 10 (MCT8 and MCT10) and
OATP1c14. The best studied was the MCT8 monocarboxylated transporter, with inactivating mutations in gene 8 located on the X chromosome of
this protein that cause Allan-Herndon-Dudley
syndrome, with high concentrations of HT and
neurological abnormalities, as well as hearing
disorders5.
Receptors for HT
Once in the cellular interior, deiodinase D2 converts T4 to T3 and deiodinase D3 inactivates both
T3 and T4, converting them to T2 and T3 reverse.
T3 enters the nucleus where 3 types of thyroid
hormone (TR) receptors are found: TRα1, TRβ1
and TRβ2, to which it binds by forming a heterodimer with the retinoid X receptor (RXR), which
binds in turn to The DNA sequence termed the
"HT response element" (TRE) of the T3 target
gene, controlling its expression1.
These three functional receptors for HT (TRα1,
TRβ1 and TRβ2) are encoded by the THR and
THR genes, which regulate their expression and
transcriptional responses to TR. The expression of
TRα1 and TRβ1 has been described in the bone,
the former being in predominant concentrations of
10: 1. It is considered, therefore, that TRα is the
fundamental mediator of T3 action on the bone6.
HT, TSH and bone development
Eutyroidism is essential for the normal development of the skeleton. This is carried out through
the process of intramembranous ossification (differentiation of mesenchymal progenitors into cells
forming osteoblasts) and endochondral ossification, through which the long bones form a cartilage mold. Chondrocytes are formed from the
mesenchymal precursors to form this cartilage
mold; In the primary ossification center of this
occurs the progressive mineralization. Vascular
invasion and emigration of osteoblasts transform
this area into trabecular bone; The precursors
located in the most peripheral mesenchyme in the
perichondrium are differentiated into osteoblasts
and form cortical bone. This proliferation and longitudinal growth continues to maturity1-3.
Both the TRα1 receptor and the TRβ1 are
expressed in the chondrocytes of the growth plates, suggesting that they are targets for the action
of T3. Chondrocyte proliferation and differentiation is controlled by Indian hedgehog, PTHrp,
BMP-R1A, IGF1, Wnt, and FGFs. The first three by
a negative feedback that induces plaque growth
and inhibits its differentiation by controlling its
linear growth. The HT intervene in this regulation,
sensitive to the availability of T3, which stimulates
gene expression for the synthesis of cartilage
matrix and its subsequent mineralization.
In osteoclasts it has not been possible to establish that T3 has effects through the functional
receptors expressed in these cells, being possible
that they are indirect mediated through the osteoblasts. In states of excess of HT an increase in the
number and activity of osteoclasts, as well as bone
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loss, is detected. T3 also stimulates the differentiation of osteoblasts, the synthesis and mineralization
of the bone matrix; These effects are carried out
through the regulation of procollagen enzymes,
including bone alkaline phosphatase, and metalloproteinases 9 and 137. It is not yet clear whether
these effects are mediated via the activator receptor
ligand pathway For nuclear factor B (RANKL)8,
although studies with cell cultures of osteoblasts or
precursors, demonstrate that T3 increases the
expression of RANKL and interleukins 6 and 89.
It is possible that the action of T3 on osteoblasts
is mediated by the expression of osteoprotegerin,
which would act by inhibiting RANKL, which in
turn stimulates osteoclastogenesis. What has been
demonstrated is that T3 induces the transcription of
IGF1, while stimulating its IGF1BP-2 and IGFBP-4
transport proteins, which, together with the increased activity of alkaline phosphatase (and, therefore,
Better quality of mineralization) and the other
effects already described, behaves as a stimulator of
osteoblastic activity at different levels1. The TSHthyroid axis is necessary for this normal skeletal
development; TSH has a direct effect on bone, as
demonstrated by in vitro studies in which it behaves as a direct inhibitor of bone remodeling,
through acting on TSHR expressed in osteoblasts
and osteoclasts. In relation to the skeletal development phase, TSH alterations are implicated in three
diseases: 1) in congenital and acquired hypothyroidism that can cause decreased bone remodeling
and increased risk of fractures; 2) in hyperthyroidism, with actions contrary to the previous one,
greater remodeling, but also greater risk of fractures; and 3) in craniosynostosis with premature closure of cranial sutures, osteoporosis and fractures.
However, since there are circulating levels of HT in
these diseases, their effects can not be separated
from the action of TSH on bone; The description
that isolated TSH deficiency with a mutation affecting the beta-subunit TSH is characterized by a
shortened metacarpal and metatarsal phenotype
but with normal bone mineral density (BMD) response after treatment with HT in the absence of
TSH has led to suggest that the predominant role
on bone development corresponds to T3.
Recently a heterozygous mutation in the THRα
gene has been described in a 6-year-old girl, who
had HT at the low or normal limit and normal
TSH, had growth retardation and histological bone
involvement similar to hypothyroidism, which
implies a Important role for these TR receptors in
human bone development10.
In adults, hypothyroidism is characterized by
decreased bone remodeling with less osteoclastic
resorption and less bone formation. This implies a
longer duration of the bone remodeling cycle,
with an increase in the secondary period of mineralization. This could lead to an increased risk of
fractures in these individuals. In contrast, in adult
hyperthyroidism, there is a high bone remodeling
with osteoporosis characterized by an increase in
net bone resorption. There are also more fractures
and lower bone mineral density.

Figure 1. Circulating thyroid hormones are under the
control of the hypothalamic-pituitary-thyroid axis.
TRH stimulates TSH release from the anterior pituitary, which in turn stimulates the synthesis and secretion of T4 and T3, which bind and activate TR, resulting in a retroactive inhibition of TRH production and
TSH secretion. D2 converts T4 into T3 in the peripheral organs, contributing significantly to the circulating
deposition of T3
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HT and TSH in relation to bone mineral density
and fractures in normal population
There are prospective studies in premenopausal
and postmenopausal women assessing the effect
of TSH and HT levels on BMD in the normal
population. Kim et al. Studied the relationship between circulating T3 and TSH and its effect on
bone mass in healthy subjects11. In a population of
37,431 adults performed BMD measurement and
thyroid function test, excluding diseases that may
affect these parameters. Low levels of TSH and
elevated T3 were associated with lower BMD
values at all skeletal sites, and confirmed a protective effect of TSH on bone loss independent of the
effect of T3. The negative impact of T3 on BMD
could be offset by an increase in TSH only in
those with T3 levels in the normal-high range.
Studies in relation to fracture risk and bone loss
and TSH levels have been conflicting. TSH levels in
the low-normal range were associated with hip frac-
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Figure 2. The T3 would act indirectly on the osteoclast by an action mediated by the osteoblast, possibly inducing the release of RANKL and interleukins 6 and 8, and PGE2, in early stages on precursors or favoring the
differentiation of the preosteoclast. The T3 would act favoring the differentiation of the osteoblast and the phases of the mineralization of the matrix. It is possible that induction of IGF-1 transcription and its carrier proteins, and other factors stimulate the proliferation and differentiation of the osteoblast. On the chondrocyte,
the availability of TRα1 and TRβ1 in this cell lineage, allows T3 to stimulate its maturation and therefore the
process of endochondral ossification. (Modified by Wojcika et al.4)
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tures in elderly women12; While, in the same vein, a
study of younger postmenopausal women showed
that levels above the normal range were associated
with a 35% reduction in the risk of non-vertebral
fractures13. Finally, a meta-analysis performed with
70,298 participants described a risk of hip fractures
of 1.61 (95% CI: 1.21-1.15) and for other fractures of
1.98 (95% CI: 1.41 -2.78) in patients with subclinical
hyperthyroidism with TSH levels <0.10 mIU/L14.
The history of hyperthyroidism appears to be a
risk factor. In the SOF (Study of Osteoporotic
Fractures) study of 192 elderly women with a
follow-up of 4.1 years, the highest incidence of osteoporotic fracture was recorded in patients with a
history of fractures and/or hyperthyroidism15. In this
study, no evidence was found to correlate low TSH
levels with low BMD. The authors concluded that
hyperthyroidism may or may not reduce bone mass,
but that in their study the decline in BMD was not
responsible for the strong association between prior
hyperthyroidism and the risk of hip fracture.
HT and TSH: relationship with bone mineral
density and fractures in women with thyroid
dysfunction
Clinical hyperthyroidism is recognized as a risk
factor for bone loss, promoting bone turnover and

Chondrocyte

Mature chondrocyte

trabecular perforation. In relation to endogenous
hyperthyroidism (Graves' disease, multilocular
toxic goiter), the data indicate that it may also
increase the risk of fractures in general and/or vertebral fractures in postmenopausal women. The
prospective study by Bauer et al.16 showed that
hyperthyroid women with TSH levels <0.1 mU/L,
compared to euthyroid controls, had a three-fold
increased risk of hip fracture (OR: 3.6, CI 95%: 1.012.9) and four times of vertebral fracture (OR: 4.5;
95% CI: 1.3-15.6).
In a study by Baqi et al. In premenopausal
women receiving oral levothyroxine (LT4), there
was a significant correlation between BMD at the
lumbar spine (CL) level and hip and TSH levels, as
well as a negative correlation between TSH levels
and markers Osteocalcin and N-terminal telopeptide of type I collagen (NTX)17. The results were
more favorable for BMD and levels of bone remodeling markers (MRO) in patients with TSH >0.3
mU/l than those with values <0.3 mU/l.
However, at the level of subclinical hyperthyroidism (TSH suppressed with thyroid hormones
in normal range), the effects of HT on bone are
more controversial. A prospective study of 2,004
patients with subclinical hyperthyroidism reported
a 1.25-fold increase in fracture in these, similar to
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the 1.9-fold increase in fracture risk found in
patients treated with T418,19. However, a recent
study by Garin et al., Conducted in 4,936 subjects
over 65 years of age for 12 years, found no relation between the risk of hip fracture and subclinical hyperthyroidism20.
Two meta-analyzes of postmenopausal studies
with subclinical hyperthyroidism due to exogenous substitution have found a decrease in BMD
with an annual loss of 0.91% of bone mass21,22. The
meta-analysis of Wirth et al., Which includes only
5 published studies with a high quality index, concludes that subclinical hyperthyroidism may be
associated with a risk of 2.16 (95% CI: 0.87-5.37)
For hip fractures and 1.43 (95% CI: 0.73-2.78) for
non-vertebral fractures23.
Most studies in postmenopausal women show
an association between high-normal levels of HT
and lower BMD values, with an increased risk of
non-vertebral fracture. Kim et al.24 studied the
results of BMD in a group of 959 women with subclinical hyperthyroidism (TSH <0.5 mIU/L) vs A
group with TSH >0.5 mU/L. Women with TSH
values in the normal-low limit maintained lower
BMD values in the spine and femoral neck than
those with TSH in the normal-high limit. The former also had a 2.2-fold increased risk of osteoporosis. Similarly, Morris et al.25, in a sample of 581
healthy American women, describe a higher risk of
osteoporosis in women with TSH values at the lownormal limit (0.39-1.8 mIU/L) with (OR: 3.4 [95% CI:
1.3-9.2] and 2.2 [95% CI: 1.2-3.8], respectively).
In summary, published data indicate that to
demonstrate clear causality, randomized and controlled trials with a large number of patients are
necessary, and to assess whether normalization of
TSH levels in subclinical hyperthyroidism is associated with fracture risk. The data suggest that
subclinical hyperthyroidism is associated with an
increased risk of hip and non-vertebral fractures,
but other factors should be analyzed and studies
of higher quality should be performed.
In clinical hypothyroidism there is a decrease
in bone formation that usually exceeds the decrease in resorption, as confirmed by histomorphometry data. In general, the existence of a normal
BMD has been described, contrasting with an
increase of 2 to 3 times the frequency of fractures,
particularly of forearm in some series. In postmenopausal women with subclinical hypothyroidism,
a similar risk of fractures has also been reported,
especially those with autoimmune origin26.
HT and bone trabecular microarchitecture
It has been commented on the possibility that the
bone quality, determined by the trabecular microstructure, could also be influenced by the thyroid
state. In this sense, Basset et al. Have shown thinning and decreased trabecular connectivity in a
mouse model with thyrotoxicosis27.
More recently, Hwangbo et al. Have studied
1,376 euthyroid subjects (648 postmenopausal) in
which they determine HT, free T4 and trabecular
bone score (TBS)28. TBS is the technique by which,

based on lumbar DXA scanning, it establishes textural gray levels as indirect indices of microarchitecture. They conclude that elevated levels of free T4
were associated with impairment of trabecular
microarchitecture, whereas TSH levels were not
associated with lumbar TBS. This would support the
results described in mice resistant to HT, in which it
has been shown that elevated HT rather than TSH
predominate in the regulation of bone state.
Criteria for thyroid suppression in differentiated
thyroid cancer
Differentiated thyroid carcinoma (CDT) is the
most common endocrine neoplasia (accounting
for 1% of all cancers). 85-90% of thyroid cancers
are CDT, which includes two variants, the papillary carcinoma (the most frequent) and the follicular carcinoma. Its incidence has increased in the
last 10 years, but its mortality rate remains the
same29. This increase is due in large part to the
increase and improvement of resolution of the
diagnostic tests, with greater detection of incidental microcarcinoma.
Treatment indicated in the CDT includes total
thyroidectomy completed with ablative dose of
radioactive iodine. Subsequently, based on the
risk of relapse, a dose of oral replacement (very
low risk) or suppressive levothyroxine is given.
The suppressive dose aims to induce hyperthyroxinemia with pituitary suppression of TSH that
could be a potential stimulus for tumor remnants.
The initial suppressive dose of levothyroxine is
calculated at 1.8-2.2 µg/kg/day, which is modified
according to successive controls. Based on the
suppression obtained during hormone therapy,
the American Thyroid Association (ATA) has established the following risk groups for treatment
with levothyroxine: 1) Low-risk group >0.5 mIU/L;
2) Intermediate risk group: 0.1-0.5 mIU/L and; 3)
High risk group: <0.1 mIU/L. Patients with exogenous treatment (by CDT) as well as those with
endogenous hyperthyroidism are subjected to prolonged periods of the effect of thyroid hormones
on the bone. Many of the aspects related to the
bone loss that this therapy can cause, either
directly or by suppression of the pituitary-thyroid
axis, are now known.
Suppression of TSH in thyroid carcinoma.
Bone loss and relation to the risk of relapse
Treatment with levothyroxine in CDT is based on
doses that suppress serum TSH levels below the
normal range, resulting in a condition similar to
that of subclinical hyperthyroidism. We have already pointed out how TSH behaves as a stimulus
for the proliferation of thyroid cells, in addition to
the uptake of radioiodine and the production of
thyroglobulin, so suppression seeks to remove this
effect and prevent a recurrence. TSH receptors
have been described in the membranes of CDT
tumor cells whose concentrations are affected by
the reduction of TSH by levothyroxine therapy30.
There are also observational epidemiological studies in which a positive correlation has been
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found between elevated serum TSH levels and risk
of malignancy in nodules or more advanced stages of CDT (Table 1). Finally, McGriff et al., in a
meta-analysis involving 4,174 patients with CDT,
demonstrated a decreased risk of tumor progression in patients receiving levothyroxine suppressive therapy (RR=0.73; 95% CI: 0.6-0.88, p<0.05)31.
Although there is no general consensus about
optimal TSH levels to decrease relapses and minimize the adverse effects of subclinical hyperthyroidism, the American Thyroid Association (ATA)
recently defined the impact of TSH suppression in
patients with CDT Characterized by low, intermediate and high risk of relapses taking into account
several clinical factors32.
It should be noted that previously Biondi and
Cooper, in a review, concluded that aggressive
suppression of TSH is important in patients with
CDT and high risk, and is much less critical in the
other groups33. Based on these criteria, Wang et al.
Recently studied 306 non-suppressed patients and
465 suppressed patients with CDT classified as
low or intermediate risk, and who presented similar recurrence rates after 6 years of follow-up34.
However, patients with TSH suppression <0.4
mIU/L had a higher incidence of osteoporosis and
atrial fibrillation compared with non-suppressed
patients (HR 2.1; p=0.05), meaning that prolonged
treatment with levothyroxine with Suppressive
effect increases the risk of postoperative osteoporosis in patients with low and moderate risk of
CDT, according to the ATA classification.
It can be concluded that the optimal dose of
maintenance of TSH in patients with CDT of low
or intermediate risk of relapse has not yet been
well established. Studies suggest that a level of
0.9-1.0 mIU/L could be the optimal suppression
value for low- and intermediate-risk CDTs, in
order to further reduce the development of osteoporosis and long cardiologic complications Term,
without increasing the risk of relapse. It is possible, therefore, that TSH suppression is an independent predictor of bone damage that, moreover,
does not seem to diminish relapses in these lowand intermediate-risk patients.
Impact of TSH suppression: adverse effects
and quality of life
The prescription of thyroid hormones is ample,
reaching almost 5.1% of the adult population. It is
generally a well tolerated medication and few
immediate side effects. In the last years, publications are being made regarding whether levothyroxine therapy increases the incidence of fracture
in the long term. Current evidence is not definitive, although Turner et al. Showed an increase in
fractures in elderly patients (>70 years) treated for
long periods with thyroxine35. The mechanisms by
which thyroxine would induce these fractures are
unknown, but it has been suggested that bone
mineral density would be decreased through
induction of subclinical hyperthyroidism, or that
normal-high levels cause it . The greater frequency
of falls due to arrhythmias favored by this increa-

se of thyroid hormones would be another cause.
The main adverse effects of TSH suppression
affect the cardiovascular system, bone metabolism
and quality of life (Table 2). In clinical hyperthyroidism, the incidence of atrial fibrillation, myocardial
infarction, and mortality increased markedly in the
elderly36. It is known that atrial fibrillation can triple
in the course of 10 years of treatment (TSH <0.1
mIU/L) in those over 65, euthyroid subjects (TSH at
the limit of normal). In subclinical CDT hyperthyroidism, in patients treated with levothyroxine, the
risk of atrial fibrillation may reach 10.3% (17.5% in
the >60 years), according to a study conducted in a
population-based population register Million in
Denmark37. Finally, overall mortality has also been
increased (OR: 1.20, 95% CI: 1.06-1.36) in situations
of hyperthyroidism in patients with TSH <0.03
mIU/L, compared with those of those With values
ranging from 0.04 to 0.4 mIU/L38.
The increase of thyroid hormones can cause
emotional alterations (nervousness, anxiety),
mood disorder (depression, sleep disorders, asthenia) and various cognitive alterations, which can
influence the quality of life of the patient. Samuel
et al. Describe greater items of fatigue and depression in patients treated with levothyroxine suppressive doses39. Jarcas et al. Reported cognitive
alterations in 31 patients with CDT and suppressive therapy with thyroid hormones40. In front of
these, Moon et al. Have pointed out that the cognitive functions studied in a group of 50 patients
with CDT over 65 years were positively correlated
with the higher serum T4 elevation of these
patients in relation to the controls41.
An observational study by Flynn et al. has studied the effects on the cardiovascular system and
fractures in a population of 17,684 subjects on
prolonged T438 treatment. They found that patients
with elevated (>4 mIU/L) or suppressed (<0.03
mIU/L) TSH had an increased risk of cardiovascular disease, with HR=1.95 (95% CI: 1.73-2.21), for
arrhythmias of 1.80 (95% CI: 1.33-2.44) and for
fractures of 1.83 (95% CI: 1.41-2.37); had low but
not suppressed TSH (0.04-0.4 mIU/L) did not present increased risk in any of these objectives.
These authors conclude that it might be safe for
patients who ingest T4 to maintain low but not
suppressed TSH.
Thyroid hormones, thyroid suppression and
differentiated thyroid cancer
Clinical hyperthyroidism is a recognized risk factor
for bone loss, promoting bone remodeling, trabecular perforation, and increased risk for fractures.
At the level of subclinical hyperthyroidism (TSH
suppressed with normal range HT) the effects of
HT on bone are more controversial. Experimental
studies and clinical data have demonstrated that
thyroid cell proliferation is dependent TSH42. The
start of treatment with suppression of TSH causes
a situation of subclinical hyperthyroidism. Baliran
et al.43 have shown that excess of HT and low TSH
levels stimulate bone resorption. This should be
taken into account, given the general good prog-
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Table 1. TSH targets for prolonged treatment with thyroid hormone in differentiated thyroid carcinoma.
According to Haugen BR et al.32
TSH targets for prolonged treatment with thyroid hormone
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*0.5 mIU/L represents the lowest reference limit of the TSH determination method which may vary between
0.3-0.5 mIU/L depending on the method.
**The TSH target for patients with incomplete biochemical response may vary depending on the initial ATA
risk, Tg levels, Tg trend over time, and risk of suppression.

nosis of these patients, which could lead to the
appearance of fractures in prolonged periods of
suppressive therapy. In general, the studies describe more aggressive treatments for suppression of
TSH in patients at high risk of disease or tumor
recurrence, while a less aggressive suppression
seems advisable in patients with low risk. In addition, it should be noted that, in recent years, the
increase in the prevalence of papillary microcarcinomas with good survival requires modification of
these suppression criteria. The maintenance of
TSH numbers in the normal range may be advisable for long-term treatment in patients with advanced CDT and relapse-free.
Suppressive treatment with HT in cancer differentiated from thyroid and bone. Longitudinal
studies vs transverse
To date, a large number of cross-sectional studies
have been published on the effect of suppressive
therapy with HT on CDT in both premenopausal
and postmenopausal women. In premenopausal
studies, there are three studies that find a decrease in BMD in some of the studied areas44-46. In front
of them, there are three times more studies that do
not find any deleterious effect of TSH suppression
on the bone in these patients47.
In postmenopausal patients with CDT, there is
a greater disparity of results: some report a decrease in lumbar and neck BMD, and in some, there
is also bone loss in radio46,48,49, in contrast to a large
majority who register changes in BMD with
Suppressive treatment50-53. It is possible that the
heterogeneity of the thyroid cancer patients selected for the studies, the different levels of TSH suppression and the different techniques used for

hormonal determinations and bone mineral density may influence the significant differences of
these results.
For the above reasons, we believe that the
study of bone mass follow-up in these patients
with CDT is of more value, disregarding cross-sectional studies that reflect a specific situation.
Compared with longitudinal studies, cross-sectional analyzes are more susceptible to sample error
and other bias54. The objective was to review the
publications with prospective criteria, the possible
bone losses in the different areas studied with
bone densitometry, with time of treatment and
detailed follow-up, as well as the criteria and
times of TSH suppression of these patients.
Following these objectives we found in PubMed
11 publications, with longitudinal follow-up,
including one from our group55, which we will
analyze next (Table 2).
The first longitudinal study was Pioli et al.56,
who studied 14 premenopausal patients (age
43±6.8 years) with TCD, with densitometries every
six months and during follow-up with levothyroxine reaching 3 years. Although ten of these
patients underwent almost total thyroidectomy
and 5 to subtotal, the HT and suppression patterns
were similar, reaching suppression at 4 months,
which was maintained during the study. The
authors reported bone loss at the spine level of
2.6±1.9% per year, vs the 0.2±1% found in the control group of 15 normal. Paradoxically, if this loss
were continued for ten years, it would be 26% in
excess of the controls, a fact that has not been
repeated in any other study. The radial bone density was normal. It is possible that in these results
the large inter-individual variety of the bone para-
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Table 2. Relationship of longitudinal studies on the effect of TSH suppression with levothyroxine on bone
mineral density (BMD) in pre and postmenopausal women with thyroid cancer
Premenopausal
with cancer
thyroid

Postmenopausal
with cancer
thyroid

% patients
with
suppression
of TSH

Duration
average
tracing
with DXA

Duration
average
treatment
with HT

Pioli G and cols. 199256

14

-

100%

1-3 years

1-3 years

Decrease in BMD-L

Muller CG and cols. 199557

15

10

40%

1,5 years

10 years

No decreases in BMD-L
BMD-CF

Fujiyama K and cols.
199559

-

24

50%

1 year

11-15
years

No decreases in BMD-L,
BMD-RD

Kung AWC and cols.
199660

-

15

100%

2 years

11,3±6
years

Decreases BMD-L, BMD-CT,
BMD-CF, BMD triangle Ward

Guo CY and cols. 199761

-

23

100%

2 years

NE

Jódar E and cols. 199855

14

13

50%

2,3 years

5,7 years

No decrease in BMD-L,
BMD-CF and minimal reduction
BMD-RD

Sijanovic S and cols.
200162

19

-

100%

4 years

9 years

No decrease in BMD-L,
BMD-CF and minimal reduction
BMD-RD

Sugitani I and cols. 200163

-

120

100%

5 years

NE

Decreased BMD-L alone in
patients >50 years

Karner and cols. 200564

19

-

100%

1 year

9,4±6
years

No decrease in BMD-L,
BMD-CF or in BMD-RD
Schneider R and cols. 201265

Kim MK and cols. 201566

49

44

NE

1 year

2 months1 year

Kim CW and cols. 201567

24

100

100%

1-1,5
years

NE

Authors/year

Effect on BMD

No decrease in BMD-L,
BMD-CF and BMD-CT

Decrease BMD-L, BMD-CF and
BMD-CT in postmenopausal
No decreases in BMD-L
and CF

BMD L: lumbar bone mineral density; BMD CT: bone mineral density total hip; BMD T: trochanteric lumbar
bone mineral density; BMD RD: bone mineral density ultradistal radio; BMD CT: total body; NE: not specified;
-: they do not have patients in that group.

meters referred to is affected, as well as the use of
two different techniques, such as SPA (single photon absorptiometry) and DXA.
The second longitudinal study is Mulller et al.57.
They studied 15 premenopausal women and 10
postmenopausal women in T4 suppressive treatment for a variable period of 1.5 years. Of this
group, 24 patients with CDT were re-evaluated
with DXA with a follow-up interval of 1.5±0.5
years. They selected 15 matched controls in sex,
menopausal status, age and BMI. They concluded
that suppression of TSH was accompanied by
non-significant reductions (2-5%) of lumbar BMD
and femoral neck BMD, without any incident fractures. The decrease in BMD found is lower than
the classic one described by Mazess, in which the

increased risk of vertebral fracture increases 1.5-2
times for each standard deviation (DS) that decreases BMD58, which senses no effect to this level.
In the Fujiyama et al. series59, 24 postmenopausal patients were described, divided into two
groups, with and without TSH suppressor doses,
with 12 patients with CDT each. Both groups had
a similar bone loss rate: -0.849±0.605 in the suppressed ones, and -0.669±0.659 in the non-suppressed ones. On the other hand, Z-score values
for lumbar and total body BMD were similar to
those reported for healthy controls.
In 1996, Kung et al.60 detailed a study in CDToperated postmenopausal women who distributed
in three subgroups with 15 patients in each: the
first, in treatment with calcitonin; The second,
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with calcium alone; And the third group, with placebo without any treatment, which is the group
we included in this review. Patients in this third
group were followed for two years after the administration of levothyroxine and effective suppression of TSH (<0.03 mIU/L) postoperatively for
approximately 9 years. They found a significantly
superior bone loss at the lumbar, total hip, trochanter and Ward triangles (5.0%, 6%, 4.7%, 8.8%,
respectively, p<0.05). However, when no fractures
were found, they thought that the clinical importance of this bone decrease should be questioned.
Guo et al.61 performed a prospective study in
23 postmenopausal women with intervened CDT
and subsequent TSH suppression, followed by 2
years with bone densitometry and bone markers.
Serum TSH levels were measured every 6-12
months to control TSH suppression. TSH levels
were correlated with bone markers (osteocalcin,
bone alkaline phosphatase and NTX). This group
of postmenopausal women was compared with
two other control groups (with and without suppressed TSH levels) who had primary hypothyroidism or Hashimoto's thyroiditis (n=41). They
found that control patients had an increase in lumbar and femoral neck BMD and a decrease in
bone markers, whereas patients with CDT had
decreased bone markers without modifying BMD.
Their results suggest that in postmenopausal
women in T4 treatment, bone remodeling is related to the degree of TSH suppression, and that the
decrease in T4 dose in those with suppressed TSH
may induce a decrease in bone remodeling.
In our experience55, we studied 14 premenopausal and 13 postmenopausal women with CDT and
TSH suppression followed in our service since their
total thyroidectomy with dual photon densitometry
repeated for two years. Fifty percent of our patients
had TSH below 0.1 mIU/L. The dose of LT4 showed a positive predictive value in each studied
bone site which had been scarcely described. None
of the bone and mineral parameters studied were
correlated with bone mass, except for alkaline
phosphatase at Ward's triangle level and ultradistal
radius. This is consistent with normal BMD and
bone remodeling values found in these patients
with prolonged suppressive treatments. The suppressed patients showed a small reduction in BMD
in 1/3 distal radius (Z-score -=0.77±0.98, CI 95: -1.11,
-0.44), without differences between the pre and postmenopausal.
The study with longer duration of follow-up is
that of Sijanovic et al.62. These authors studied 19
premenopausal women with intervened CSD
(mean age 39±8 years) who underwent T4 suppressive treatment for an average of 9.4 years. The
prospective study with bone densitometry was
performed in 4 years. They noted that after one
year there was no significant bone loss in any
region of the skeleton, and yet, after performing 3
measurements, at 4 years they recorded significant
loss of BMD in the distal radius and not in other
areas. They commented, surprisingly, that in their
analysis there is a decrease although not signifi-

cant of bone mass in other areas (data not given),
so suppressive TSH therapy with thyroxine in a
period of approximately 10 years may induce a
risk of osteopenia In premenopausal women who
reach menopause.
In a selective, rather large group of postmenopausal patients with papillary CDT, Sugitani et al.63
analyzed the effect of post-operative suppressive
TSH therapy on disease-free survival and its
effects on BMD. Two groups were analyzed: 140
patients with suppression (mean TSH: 0.07±0.10
mIU/L, and 127 without suppression (mean TSH:
3.14±1.60 mIU/L) .In the non-suppressed group,
120 patients Postmenopausal women were followed for 5 years, showing a decrease in lumbar
BMD subgroup of postmenopausal women over
50 years of age. TSH suppression had no significant effects on the prevention of relapses in papillary CDT, although most of its In the end, it is
recommended that suppression of TSH, especially
in patients with low risk and in elderly patients, is
not indicated, taking into account that it has not
been shown to decrease recurrences even in
patients with high risk.
The longitudinal study by Karner et al.64 was
carried out in premenopausal women with CDT
for one year. The duration of TSH suppression at
the start of the study was 9.4±6.4 years, and therefore broad. BMD measurements were performed
twice over a period of one year. Using single photon absorptiometry (SPA) for extremities and DXA,
they found no decrease in BMD at the distal radius,
or in lumbar and/or hip BMD. It is a longitudinal
study of short duration, small number of subjects
(19 premenopausal). Its main recommendation is
to practice the bone densitometry study before
initiating the suppressor therapy of TSH to identify
the patients with high risk of osteoporosis.
More recently a study was published by
Schneider R et al.65 to evaluate the potential effects
of LT4 suppressive treatment in 46 premenopausal
women undergoing CDT on BMD and bone and
muscle strength. It is a prospective, cohort-controlled, 1-year follow-up, in which bone mass is measured by dual lumbar and hip photometry, and
bone and muscle strength using the polar stress
index with dynamometry. They are simultaneously
studying 23 premenopausal women undergoing
LT4 replacement therapy. In both premenopausal
populations, with suppressive treatment or with
substitutive treatment, they do not find a decrease
in axial BMD; The annual loss (g/cm2) in patients
with CDT was not significantly different from those
receiving LT4 replacement therapy (BMD -0.005 vs
+0.004; BMD femoral neck: -0.005 vs +0.00; total
hip BMD: +0.001 vs +0.003, respectively). The
authors concluded that there is little evidence of
adverse effects of levothyroxine on bone, and that
premenopausal women with CDT may be at risk
for lower BMD at the ultradistal radius. In spite of
their null data in this sense, they attribute loss of
unbalanced cortical BMD by trabecular augmentation, probably indicating a high endocortical trabecularization.
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Kim et al.66, in a one-year prospective study,
found a decrease in bone mass that predominantly
affects postmenopausal women compared to premenopausal women in their study. The annual
postmenopausal loss was -2.1% in the lumbar
spine, -2.2% in the femoral neck, -2.1% in the total
hip, significantly higher than the premenopausal
women (p<0.05 for all). Although the authors
report that bone loss was primarily during the
early post-thyroidectomy period, a longer study
might confirm this.
Finally, Kim et al.67 conducted a prospective
12-18 month study in 24 premenopausal women
with CDT (6 hypoparathyroid glands) and 100
postmenopausal women (50 hypoparathyroid
glands), concluding that they found no deleterious
effect of suppressive therapy with T4, Even a protective effect in patients with post-operative hypoparathyroidism.
Risk factors in patients with CDT and TSH
suppressor therapy
López Alvarez et al.68 studied the risk factors involved in possible bone loss in 43 premenopausal and
53 postmenopausal women with TDC treated with
suppressive thyroid hormones and followed up for
an average of 75 months. Age, as a risk factor, and
weight as a protective factor were the variables that
most influenced BMD. No significant differences
were found when comparing patients with normal
concentrations of free thyroxine versus those who
had them slightly elevated. In postmenopausal
women, there was greater lumbar BMD in the
group with adequate calcium intake (957 mg/day)
compared to those who did not (855 mg/day)
(p<0.05). At the level of the femoral neck and lumbar region, TSH, along with age and weight, were
the variables that influenced the most. Gómez de
Melo et al.69 carried out another similar study in 109
postmenopausal women with CDT and suppressive
treatment, in which they identified that, in the multivariate logistic regression analysis, the factors significantly related to lower BMD values were: low
BMI and TSH; Do not find relation between the
BMD and the average values of free T4. They suggest that TSH can have negative effects on BMD
only when levels are suppressed.
In summary, most of what has been reported
in relation to premenopausal women with CDT
and suppressive therapy of TSH shows no deleterious effects on BMD in any anatomical site. In
postmenopausal women with CDT and TSH suppression the studies are more heterogeneous, but,
nevertheless, it must be pointed out that there are
three studies, commented, with important population that refer to bone loss

Conclusions
In recent years, there have been important contributions to the better understanding of the regulation of
the skeleton by HT and the hypothalamic-pituitary
axis. The deiodination of the HT during its metabolism is considered an important determinant of the
thyroid state at the circulating level and of the peri-

pheral tissues. In bone, the activity of deiodinase D2
is involved in osteoblasts and in maintaining adequate mineralization and bone strength. Deiodinase
D3 would intervene very early, at cartilage level
favoring skeletal growth and development.
In subjects with subclinical hyperthyroidism
other than CDT, controlled trials with a significant
number of patients are considered necessary to
evaluate the efficacy of normalizing TSH levels
associated with fracture risk. The accumulated
experience with the suppressive treatment of TSH
in the CDT is configuring a therapeutic strategy
with greater evidence for the treatment of patients
with low risk and intermediate, in whom this
approach would not be necessary. In contrast,
patients at high risk could benefit; However, it is
the elderly patients with high risk who usually
have greater comorbidities and, in whom the indication will often have to be evaluated.
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