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Farewell
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Gomez de Tejada Romero MJ, Sosa Henriquez M

Steering Committee of the Journal of Osteoporosis and Mineral Metabolism

The Journal of Osteoporosis and Mineral Metabolism
(ROMM) was created at the end of 2009 and was presented
at the Congress of the Spanish Society for Bone Research
(SEIOMM) that year, held in Santander. We have participa-
ted from the beginning, both in its creation, start-up and
later development, until today. It is the SEIOMM associates
who should assess our management. For our part, we be-
lieve that a cycle has been completed and that the renewal
of the management team is appropriate. For this reason
and through this editorial, we say farewell, thanking all
those who have trusted and collaborated with us: boards
of directors, members of the editorial committee and asso-
ciates, some who have submitted articles and others who
have served as reviewers. A special thanks to our collabo-
rators on a day-to-day basis: Jests and Concha, publishers
of Ibafiez y Plaza; Gabriel Plaza, responsible for the web-
site; and David Shea, translator of the journal, with whom
it has always been so easy to work, and who with pro-
fessionalism and dedication have contributed enormously
to make this journal where it is right now. Thank you all.

In a previous article, recalling the first ten years of
the journal, we reviewed the creation process and its
beginnings?, a function that we believe has been fulfilled,
without a doubt, with the consolidation of the magazine.
The ROMM has been and continues to be the vehicle for
publishing the communications presented to the annual
Congresses of the SEIOMM. Another function, more deba-
table, is to serve as a means for associates to publish part
of their research, ensuring that it is increasingly dissemi-
nated. We say debatable, because after 12 years at the
helm of the journal, we think that the associates, in gene-
ral, believe that it is unnecessary.

We have tried to ensure, on the one hand, that the
ROMM is present in the largest number of databases, re-
positories and Web pages. Furthermore, to see that the
quality of the articles published improves. If we take as
a reference different tools dedicated to assessing both
aspects, it would seem that both tasks have been fulfi-
lled, with the presence in important databases such as
Scopus, Google Academic and others such as ERIHPLUS
and MIAR?3, in addition to obtaining an index of impact.

WHERE ARE WE LISTED? DATABASES, DIRECTORIES AND
REPOSITORIES WHERE THE ROMM IS INCLUDED

ROMM is currently included in the following databases
and repositories: Scopus, Web of Sciences, SciELO, DOA]J,
ERIHPLUS, Redalyc, IBECS, Embase, Open J-Gate, Free
Medical Journals, American Society for Scientific Rese-
arch (SIIC ), Google Scholar, Medes, AZ3, e-magazine@s,
WorldCat, Latindex, EBSCO, Medic Latina, Dialnet, Sa-
fetylit, Mosby’s, Emcare, Academic Keys, CRUE, Hinari,
REDIB, Emerging Sources Citation Index, British Library,
ROAD and MIAR, a total of 31 databases.

Some of these databases feed back to each other, as is
the case with DOA]J, SciELO and Dialnet. Whilst they are all
important and without detracting from any of them, SciELO
is widely established among Spanish and Portuguese-spea-
king countries, Redalyc covers mainly Spanish-American

countries, especially Mexico, and Scopus is after Journal of
Citation Reports, the most popular database used with its
own “impact factor” which we will refer to later. Finally, Goo-
gle Academic is becoming in recent years as a place to
search for scientific articles complementary to PubMed,
since all the articles that are collected in PubMed are also
included in Google Academic, but the reverse is not the case.
There are two databases in which, due to their rigor, it has
been especially difficult to be included. They are ERIHPLUS, a
Norwegian database that rejects almost half of the applica-
tions? and the University of Barcelona’s Information Matrix
for Journal Analysis (MIAR, from Spanish acronym), which in
turn collects information from 116 databases, rating journal
quality. In the field of osteoporosis, ROMM is in the middle of
the table?, with a score of 9.6 out of a possible maximum of 11
(see tables 1 and 2 ). In the Academic Google, within the Spa-
nish magazines, the ROMM is located in position 71 of 99*.

Table 1. MIAR score of journals related to bone mineral
metabolism (2021)

Name Ranking
MIAR (ICDS)
New England Journal of Medicine 11
Osteoporosis International 11
Journal of Bone and Mineral Research 11
Bone 11
Journal of Bone and Mineral Metabolism 11
Current Osteoporosis Reports 10,8
Archives of Osteoporosis 10,7
Clinical Reviews in Bone and Mineral Metabolism 9,8
Revista de Osteoporosis y Metabolismo Mineral 9,6
Journal of Osteoporosis 9,5
Bone Reports 9,3
International Journal of Osteoporosis and 41

Metabolic Disorders

EvorLution oF ROMM In Scopus

Included in the Scopus database, after three attempts,
the ROMM had for the first time an “impact factor”, the
one calculated by Scopus, which is the so-called Scimago
Journal Rank or SJR. The first year that SJR had, in 2015
it was 0.108. It has been increasing on a yearly basis, cu-
rrently attaining 0.133 in 2020 (see figure 1)°. We are in
the 4th quartile (Q4), in the area of Endocrinology, Dia-
betes and Metabolism, which is where the journals de-
dicated to bone mineral metabolism are included. We
are ranked 195 out of a total of 232 magazines®.

THE ROAD TO THE JOURNAL OF CiTaTION REPORTS (JCR)
AND PusMED

From the beginning, our goal has been the inclusion of
ROMM in the JCR and with it, immediately in PubMed. It
is the most prestigious database and despite the exis-
tence of other “impact factors” such as Scopus or even
Google Scholar*$, it is the impact factor par excellence.
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Figure 1. Evolution of the impact factor of the ROMM
with Scopus (called SJR)>
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Table 2. Evolution of MIAR's valuation of ROMM

2016 2017 2018 2019 2020

93 9.4 oI5 95 9.5

We have twice requested the inclusion of the journal
in the JCR, and on both occasions were rejected. Some
reasons for this rejection could be debated, because they
are based on opinions, and others could even be refuted,
but the basis for the refusal to be included is undeniable:
it is a home-based journal, in which authors, reviewers
and editorial committee are repeated over and over
again. Another reason they put forward is that the arti-
cles, in general, are not of sufficient quality. This reaso-
ning is based on the limited impact they have in other
scientific journals.

These drawbacks are difficult to solve. The journal
has had a permanent shortage of articles since its crea-
tion. Completing each issue is a struggle. The request for
quality originals from SEIOMM researchers is a constant,
both from the SEIOMM website, and in corporate emails
sent to associates by the Board of Directors, and finally,
individually, from the Director to the SEIOMM resear-
chers. However, the main source of original articles sent
to the journal are those that are required to remedy a
debt contracted by a research group when one of its
members accesses a FEIOMM grant, either for research
or to attend Congress. American Bone Mineral Metabo-
lism (ASBMR). Therefore, the articles are sent as part of
a "contract” and thus cover a need to continue to be eli-
gible for future scholarships. They are, therefore, on
many occasions, articles that constitute the remnants of
an investigation whose original production was sent to
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a journal with an impact factor of the JCR, which on the
other hand is reasonable and with which the ROMM can-
not compete. Thus, the articles that we publish are not
the best generated by each research group and for that
same reason they are not referenced, with which the
scientific repercussion of them in other journals will be
low and this will make a good evaluation by the ROMM
difficult. among JCR reviewers. Thus the vicious circle is
closed.

WHAT IS THE FUTURE oOF ROMM? wHAT po SEIOMM
MEMBERS WANT FROM THE JOURNAL?

The future of ROMM will be that which its members de-
cide, but through their actions, which must require sen-
ding in quality publications, especially original ones. The
more or less public manifestations of "unconditional
support” for the journal will be of no use if this is not
translated into facts: on the one hand, the sending of
quality originals and, on the other, in collaboration as re-
viewers.

This is an enormous difficulty that we have encoun-
tered. Very few SEIOMM associates agree to review an
article submitted to the journal, despite the fact that in
the selection of said reviewer we take into account that
the article that we request that they evaluate is from
their usual area of work and/or research. On the con-
trary, for each review request that is accepted by the ex-
pert, we obtain an average of three rejections and this
among those who respond to the email in which the re-
view is requested. The absence of a response is not un-
common, in mail duly verified as correct. Other times,
we observe that the review is written in a rapid, incon-
sistent way, lacking detail and documentation. There-
fore, it does not help at all. At times, we have had to
resort to personal favor to get a review.

The journal now enters a watershed moment. With
an additional push from the new leadership team, per-
haps the JCR evaluation could be requested within 3
years and it could be achieved. But we consider that we
have completed a cycle and that we must make way for
others who, with courage and enthusiasm (which we
have exhausted), complete the task. Not only do we want
it, but to the best of our ability we are unconditionally
willing to collaborate in this endeavor.

We would like to conclude by extending our thanks to
Manuel Naves Diaz, current SEIOMM President, in particu-
lar; for his sincere, total commitment to the journal and we
wish him all the best.
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Summary

Objetive: To carry out a comparative survival analysis of patients diagnosed with hip fractures (HF) in the Basque Health
Service from 2010 to 2016 depending on whether or not they were diagnosed with dementia and the type of arthro-
plasty.

Material and methods: Observational study (real world data) of survival. The data were obtained from the administra-
tive and clinical databases of the Basque Health Service using the Oracle Business Intelligence (OBI) manager. All cases
of femur neck fractures from 2010 to 2016 were analyzed in the Basque Health Service. A descriptive analysis was
carried out to detect differences between groups according to previous diagnosis of dementia and type of prosthesis.
The Kaplan-Meier method was used to obtain the survival curves and their comparison was made in pairs using the
Achievement test. The adjusted risk of death for each group was analyzed with the Cox regression model.

Results: 5,867 patients with CF were identified, being 1,131 patients without dementia and total prosthesis, 3,073 wi-
thout dementia and partial prosthesis, 176 with dementia and total prosthesis and 1,487 with dementia and partial
prosthesis. The median survival was 9.08 years, 3.79 years, 2.55 years, and 2.54 years respectively. The comparison of
the survival curves was significant for all cases except between the last two groups. Using the first group as a reference,
the odds ratio of death for the rest was 1.56, 2.27 and 2.37 respectively. When analyzing the risk of death only for patients
with dementia, the type of prosthesis was not statistically significant.

Conclusions: Dementia influences the survival curve of patients who undergo arthroplasty after a femur neck fracture,
with those who undergo a total arthroplasty have a similar mortality rate as those who undergo partial arthroplasty.

Key words: dementia, hip fractura, arthroplasty, Cox regression.

INTRODUCTION

Hip fractures represent a general public health problem due
to their high incidence and their impact on mortality and
loss of quality of lifel. In the coming years, with the pro-
gressive aging of the population, its incidence is expected
to increase, incurring a significant drain on resources? Crude
mortality figures after a hip fracture are considered in most
studies. An estimated 5% of patients die in-hospital and
approximately 20% do so during the first year, depending

»

on the series®. However, hip fractures occur in elderly pa-
tients who have an associated comorbidity that also influen-
ces their survival*. The highest mortality rates are reported
mainly in the elderly, sick or disabled populations®. A recent
meta-analysis exploring the magnitude and duration of the
excess risk of mortality after hip fracture found the highest
risk in the first 3 months after the fracture, and mortality re-
mained high even after 10 years®. Excess risk increases with
age and, at any age, is higher for men than for women®.

Correspondence: Iiiigo Etxebarria Foronda (inigo.etxebarriaforonda@osakidetza.eus)
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Dementia affected 6.53% of the Spanish population
over 60 years of age in 20207. The current prevalence
worldwide is more than 40 million patients, which will
double every 20 years®?. Patients with dementia have an
increased risk of suffering a hip fracture and also evolve
significantly worse than patients without it due to higher
mortality3. They tend to be patients with an increased
risk of hip fracture due to their older age, significant co-
morbidities, polypharmacy, limited mobility, and a ten-
dency to fall*!°. Treatment options for hip fracture in
general include total prosthesis, partial prosthesis, os-
teosynthesis and conservative treatment without sur-
gery, but in patients with dementia the results are
usually worse, with a higher rate of postoperative com-
plications and medium term?, so the choice of treatment
should be based on these clinical considerations.

Our study aimed to analyze the comparative survival
of patients diagnosed with hip fractures (HF) who un-
derwent arthroplasty in the Basque Health Service from
2010 to 2016 depending on whether or not they were
diagnosed with dementia and the type of joint replace-
ment, total and partial.

MATERIAL AND METHODS

Design

A retrospective and observational study (real world
data) was carried out on the survival of hip fracture
cases registered in the Basque Health Service (SVS). The
necessary data were obtained anonymized from the SVS
administrative and clinical databases using the Oracle
Business Intelligence (OBI) manager. The electronic me-
dical record is fully implemented in the public health
system of the Basque Country and associated with ad-
ministrative data of the patient. This allows each of the
contacts and all the use of resources of the patients with
the health system to be registered. The clinical research
ethics committee of the Basque Country approved the
study protocol on February 14, 2019 with registration
number PI12019010. Informed consent is not required
as the database is anonymized.

Patient sample and variables

All cases of femoral neck fractures operated on by partial or
total prosthesis from 2010 to 2016 were analyzed in the Bas-
que Health Service. The diagnosis of femoral neck fracture
included ICD-9 codes 820.0 and ICD-10 codes S72.0. The
surgical procedures included the ICD-9-CM codes 81.51 for
the total prosthesis and 81.52 for the partial one. Within this
population, patients with a previous diagnosis of dementia
were identified both at the primary care level, as well as at
the level of hospital care, emergencies, home care or hospi-
talization and / or outpatient specialist consultations with a
validated procedure!™. Diagnosis of dementia included ICD9-
MC codes 290, 294.1, and 331, as well as ICD10 codes F01.5,
F02.8,F03.9,F05, G30,and G31. The identification of demen-
tia also included the prescription of specific drugs for
Alzheimer's disease identified with the ATC code NO6D. The
final date of follow-up was set at October 31, 2020. The fo-
llowing variables were obtained for each patient: age, sex,
risk index from the American Society of Anesthesiologists
(ASA), diagnosis and date of dementia, diagnosis and date of
hip fracture, type of prosthesis, vital status at the end of fo-
llow-up and date of death in such cases. The ASA risk index
was used as an adjustment co-variate for the presence of co-
morbidities and appears in the database as assigned by the
anesthetist responsible for the intervention.

Rev Osteoporos Metab Miner. 2021;13(2):51-57

Statistic analysis

Statistic analysis was carried out using the R statistics
program (version 3.3.2) with a confidence level of 95%.
First, a univariate descriptive analysis was performed
to detect differences between groups according to a
previous diagnosis of dementia. Fisher's exact test was
applied for categorical variables of two categories and
expected value less than or equal to 5. In the case of
continuous variables with normal distribution, the com-
parison of means was carried out using the Student's t
test.

Subsequently, a survival analysis was carried out that
included the non-parametric methods of Kaplan-Meier
and Cox to compare survival adjusted for previous diag-
nosis of dementia and type of prosthesis. Four groups
were differentiated: 1) patients without dementia and
total prosthesis, 2) patients without dementia and par-
tial prosthesis, 3) patients with dementia and total pros-
thesis, and 4) patients with dementia and partial
prosthesis. For each group, the survival functions and
curves were calculated using the Kaplan-Meier method,
which calculates the cumulative survival ratio at the in-
dividual level of each patient. For the comparison of the
survival curves, the Mantel-Cox test, also known as the
achievement test, was used. The survival curves were
compared in pairs. Using Cox regression, the risk of
death was analyzed as a function of time, adjusting for
age, sex, ASA risk and group (defined based on the pre-
vious diagnosis of dementia and type of prosthesis). This
calculation was repeated exclusively for the subgroup of
patients with dementia, adjusting this time for age, sex,
ASA risk index and type of prosthesis.

REesuLts

Between 2010 and 2016, 5,867 patients diagnosed with
a femoral neck fracture were identified, of which 1,663
had a previous diagnosis of dementia. As can be seen in
table 1, the mean follow-up was 2.98 years for patients
with dementia and 4.29 years for patients without de-
mentia, while the mean age was 84.71 years and 81.91
years respectively. In the univariate analysis, significant
differences were observed by age, sex, ASArisk and type
of prosthesis. In the group of patients with dementia,
there was a higher percentage of partial dentures, as well
as a higher ASA risk. There were also significant differen-
ces in the mortality rate, since it was higher in the group
of patients with a previous diagnosis of dementia
(82.4%) than in the rest (63.5%).

Figures 1 and 2 show the survival curves obtained
using the Kaplan-Meier method, the first being differen-
tiated only by a previous diagnosis of dementia and the
second by a previous diagnosis of dementia and type of
prosthesis. Of the 5,867 patients in the total sample,
1,131 were patients without dementia and with total
prosthesis, 3,073 patients without dementia and with
partial prosthesis, 176 patients with dementia and total
prosthesis, and 1,487 patients with dementia and partial
prosthesis. The follow-up that indicated the probability
of survival at 50% for each subgroup was 9.08 years, 3.79
years, 2.55 years and 2.54 years respectively (Table 2 and
Figure 2). Table 3 shows the log-rank test that compared
the survival curves of the four groups. Significant diffe-
rences were observed between the curves of all groups,
except between the curve of the group of patients with
dementia and total prosthesis and the curve of the group
of patients with dementia and partial prosthesis.
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Table 1. Univariate statistical analysis of the baseline characteristics of patients with hip fracture differentiated by

a previous diagnosis of dementia

Total
N %
Patients 5,867
Follow-up (years) Mean (SD) 3.92 (2.87)
Age (years) Mean 82.70
<80 years 1,618 27.6%
>80 years 4,249 72.4%
Sex Woman 4,340 74.0%
Man 1,527 26.0%
ASA risk I-11 3,094 52.7%
-1V 2,773 47.3%
Prosthesis Total 1,307 22.3%
Partial 4,560 77.7%
Prosthesis-age group Total, <80 years 798 13.6%
Total, 280 years 509 8.7%
Partial, <80 years 820 14.0%
Partial, 280 years 3,740 63.7%
Death No 1,826 31.1%
Yes 4,041 68.9%
<80 years 766 19.0%
>80 years 3,275 81.0%

Without dementia With dementia
~ % ~ % P value
4,204 1,663
4.29 (2.92) 2.98 (2.50) 0.000

81.91 84.71 0.000
1,338 31.8% 280 16.8% 0.000
2,866 68.2% 1,383 83.2%
3,046 72.5% 1,294 77.8% 0.000
1,158 27.5% 369 22.2%
2,281 54.3% 813 48.9% 0.000
1,923 45.7% 850 51.1%

1,131 26.9% 176 10.6% 0.000
3,073 73.1% 1,487 89.4%

743 17.7% 55 3.3% 0.000

388 9.2% 121 7.3%

595 14.2% 225 13.5%

2,478 58.9% 1,262 75.9%

1,534 36.5% 292 17.6% 0.000
2,670 63.5% 1,371 82.4%

555 20.8% 211 15.4% 0.000
2,115 79.2% 1,160 84.6%

2 Fisher's exact test was used for categorical variables and Student's t test for continuous variables; SD: standard deviation.

Table 4 shows the results of the two Cox regressions
performed in the form of hazard ratios and significance.
In the first Cox model, developed for all patients with
hip fracture, age, sex, ASA risk, and group, according to
dementia diagnosis and type of prosthesis, were found
to be statistically significant. The risk was higher the
older, in men and in patients with worse ASA. Regarding
the group, the group of patients without dementia and
full prosthesis was used as a reference and it was ob-
served that the risk was 1.56 times higher for the group
without dementia and partial prosthesis, 2.27 times
higher for the group with dementia and total prosthesis
and 2.37 times greater for the group with dementia and
partial prosthesis. However, when performing the se-
cond Cox model only for patients with dementia, the
ASA risk and the type of prosthesis were not statistically
significant.

Discussion

Two findings stand out as the main results of our study.
First, the previous diagnosis of dementia in patients who
have suffered a hip fracture determines a great reduc-
tion in their life expectancy. Second, in patients with de-
mentia, the type of prosthesis does not modify survival.
These data are consistent with the clinical recommen-
dations for the indication of a total hip arthroplasty as
it is reserved for those patients with greater functional
capacity, less comorbidity and high life expectancy?'2.

Three treatment options for hip fractures are conserva-
tive without surgery, osteosynthesis of the fracture or dif-
ferent types of prostheses. In our series, only patients with
displaced femoral neck fracture were included, those who
are treated by arthroplasty, either partial or total, and in
whose indication for a surgical procedure life expectancy
plays a key role. Hip fractures without surgery were not in-
cluded because the clinical interest of the survival analysis
is due to the fact that it is a criterion for deciding the type of
surgical procedure or the patients with fractures in the tro-
chanteric area in whom the surgical management is diffe-
rent. Partial arthroplasty, preferably cemented, is the most
indicated option for those patients with a limited life expec-
tancy, with poorer function and mobility, or with cognitive
alterations®®. In recent years there has been an increase in
the use of total arthroplasty for the surgical treatment of fe-
moral neck fractures?3, but an analysis of results from the
clinical and also the economic point of view is necessary to
know in what type of patients its use is more efficient. Total
arthroplasty is more expensive, requires a longer surgery
time, is more aggressive for the patient and with a higher
probability of postoperative anemia and the need for trans-
fusions. In addition, we should bear in mind that patients
with dementia have a higher risk of prosthetic dislocation
and periprosthetic fracture'*. In our sample, only 176 pa-
tients with dementia underwent total arthroplasty. Al-
though it has been a small number;, our results indicate that
it is not the most appropriate option given that these pa-
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Figure 1. Survival curves of patients with hip fracture differentiated by previous diagnosis of dementia
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Figure 2. Survival curves of patients with hip fracture differentiated by previous diagnosis of dementia and type of

prosthesis

1.00
\

B

0.75

0.50

Survival

0.25

~ Without dementia and total prosthesis = Without dementia and partial prosthesis = With dementia and total prosthesis = With dementia and partial prosthesis

0.00
0 1 2 3 4 5 6 7 8 9 10 11
Patients at risk Time (years)

s 1,131 1,035 977 919 842 663 491 369 237 145 52 0

3,073 2,385 2,041 1,758 1,449 1,064 746 472 286 154 46 0

176 119 98 78 67 39 29 15 3 1 0 0

1,487 1,040 844 622 483 310 192 117 64 36 9 0
1 2 3 4 5 6 7 8 9 10 11

Time (years)

tients” mortality is similar to that of patients who received
a partial prosthesis. If the surgeon considers a total arthro-
plasty, the so-called double mobility prosthesis, should be
indicated, the risk of dislocation is significantly reduced*.

Hip fracture, in turn, can also be a risk factor for de-
veloping dementia. The main cause lies in the delirium
that some of these patients experience during the posto-
perative period, which is estimated to increase the risk
of developing dementia by up to 15 times in the 3 years
after the fracture!®. In addition, other factors have been
related, such as the inflammatory response during the
fracture consolidation process, the alteration of motor
function and a decrease in physical activity after it, and
the medication they receive during the process - before,
during and after surgery- which could influence cognitive
impairment'’.

Our results, referring to patients operated on with
prostheses, are consistent with those described in the
literature. A clear decrease in survival in patients with
hip fracture in general were reportedly diagnosed with
dementia. This is considered an independent risk fac-
tor for mortality after a hip fracture, since it behaves
like the worst of the concomitant diseases'®, worsening
functional recovery and vital prognosis. The reasons
may be that these patients have more limitations in fo-
llowing postoperative instructions, more difficulties in
exercising rehabilitation and a higher risk of malnutri-
tion'®. Mortality is also influenced by age, male sex, me-
dical comorbidities (which may delay surgery),
anesthetic risk, and functional status before the frac-
ture. Dementia also increases the risk of suffering res-
piratory and urinary infections and more tendency to
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Table 2. Follow-up indicating the 50% probability of survival for each group and differentiated by previous diagnosis of
dementia and type of prosthesis according to the Kaplan-Meyer analysis

Total Without With

dementia dementia
Patients 5,867 4,204 1,663
50% chance 3.96 4.80 2.54

Without Without Withdementia ~ With dementia
dementia and dementia and and total and partial
total prosthesis  partial prosthetics prosthesis prosthetics
1,131 3,073 176 1,487
9.08 3.79 2.55 2.54

Table 3. Pairwise comparison of the survival curves of patients with hip fracture differentiated by previous diagnosis of

dementia and type of prosthesis

Without dementia and Without dementia and With dementia and With dementia and
total prosthesis? partial prosthetics total prosthesis? partial prosthetics?
Without dementia and total prosthesis - 0.00 0.00 0.00
Without dementia and partial prosthesis 0.00 - 0.00 0.00
With dementia and total prosthesis 0.00 0.00 - 0.19
With dementia and partial prosthesis 0.00 0.00 0.19 -

2 Log rank test compared the survival curves of the four groups.

Table 4. Risk of death in all patients with hip fracture and in patients with hip fracture plus a diagnosis of dementia

presented as hazard ratio and significance
All patients with hip fracture (N=5,867)
Age
Gender: Male
ASA risk: I11I- IV
Dementia: No, Prosthesis: Total
Dementia: No, Prosthesis: Partial
Dementia: Yes, Prosthesis: Total
Dementia: Yes, Prosthesis: Partial
Patients with hip fracture and diagnosis of dementia (N=1.663)
Age
Sex: Man
ASA risk: 1II- IV

Prosthesis: Partial

HR?
1.06 (1.05-1.06) **
1.86 (1.74-2.00) **
1,28 (1.21-1.37) **

Reference

1.56 (1.40-1.73) **
2.27 (1.87-2.77) **
2.37 (2.11-2.66) **

HR?

1.05 (1.04-1.06) **
1.85 (1.63-2.10) **
1.07 (0.96-1.19)
1.06 (0.88-1.27)

* P value <0.05; ** p value <0.01; 2 Calculated using Cox regression; HR = hazard ratio.

sepsis?’. Some studies report an increase in mortality
at one month?'22, at 6 months?%23, at one year!®?? and
with longer follow-ups?? after the fracture. Ortho-ge-
riatric functional recovery programs are beneficial in
the acute phase, reducing mortality and institutionali-
zation, although it is not clear which is the most appro-
priate approach?*.

Regarding these patients’ treatment, the fact that on
many occasions they present a high number of comorbi-
dities and that the greater the clinical complexity, the
worse the results?, makes it possible to consider the sur-
gery that s as less invasive as possible, for example with a
simple osteosynthesis of the fracture or even, with surgical
abstention. However, this extreme does not seem advisa-
ble since without surgery, mortality doubles at 6 months?,
along with increasing complications such as pressure ul-

cers and pain, which are very limiting and hinder simple
care tasks such as hygiene or postural changes.

Our work has some limitations. As previously noted,
we only include those patients operated on with a pros-
thesis, excluding patients with a fracture in the tro-
chanteric region and also those patients who
underwent osteosynthesis. However, the profile of the
patient who undergoes a total prosthesis for a femur
neck fracture is a more active patient with a theoreti-
cally longer life perspective, in which dementia plays a
relevant role in its evolution. In the same way, we have
been able to analyze the number of total arthroplasties
in these types of patients, whose indication is debata-
ble and indicates that clinical results such as survival
should be measured in order to assess their use. Ano-
ther limitation is that we do not assess the degree of
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dementia or the number of falls that patients have, as
well as the bone status or the diagnosis of osteoporosis
or the antiosteoporotic medication that the patient
may receive, although we recognize that they may in-
fluence their clinical development.

In conclusion, our study shows how dementia in-
fluences the survival curve of patients who under-
went arthroplasty after a femoral neck fracture, and
that patients with total arthroplasty present a similar
mortality rate than patients who underwent partial
prosthesis. Thus, we consider the indication of a more
aggressive surgery in this type of patient should be
avoided.

Rev Osteoporos Metab Miner. 2021;13(2):51-57
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Summary

Objective: Lifestyle and gynecological history appear to influence bone mineral metabolism. There are conflicting data
on the possible effects of breastfeeding on the subsequent development of densitometric osteoporosis or the development
of fragility fractures. The objective of this study was to assess these effects.

Material and methods: Observational, cross-sectional, open study, carried out in 758 postmenopausal women who
were classified into two groups, depending on whether they had breastfed their children or not. Data were collected on
lifestyles, gynecological history and fragility fractures. They underwent a general analysis, with renal and hepatic func-
tion, lipids, ions, as well as biochemical markers of bone remodeling, parathyroid hormone (PTH) and vitamin D (25HCC).
Bone mineral density (BMD) was determined in the lumbar spine and in the proximal extremity of the femur by dual X-
ray absorptiometry (DXA). Likewise, a quantitative ultrasound (QUS) measurement was performed on the calcaneus of
the dominant foot. The raw data, after being compared by groups, were adjusted by applying the propensity score mat-
ching method, making a more precise comparison of the variables studied.

Results: The results prior to the application of the propensity score were adjusted for age and body mass index (BMI),
since in the baseline study there were significant differences in these variables between both groups (prevalence of hip
fractures and kyphosis and in the following biochemical parameters: specifically uric acid, glucose, HDL-cholesterol,
triglycerides and phosphorus). These differences disappeared after adjusting for the variables that were included in the
model by the applied linear logistic regression.

After adjusting with the propensity score matching and with the finally obtained linear regression model, no influence of
breastfeeding was obtained on bone mineral density, on the prevalence of densitometric osteoporosis or on the appea-
rance of fragility fractures after menopause.

Conclusion: Breastfeeding is not associated with higher or lower bone mineral density values, the prevalence of densi-
tometric osteoporosis, or the presence of fragility fractures.

Key words: breastfeeding, pregnancy, osteoporosis, fragility fractures, propensity score matching, bone density.
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INTRODUCTION

Osteoporosis is defined as a skeletal disease in which
there is a decrease in bone strength that leads to an in-
creased risk of fracture, usually due to mild traumat. Al-
though any fracture can be observed in clinical practice,
with the exception of the skull bones, the most prevalent
is the vertebral one and the most serious that of the pro-
ximal extremity of the femur?, given its significant morbi-
dity and mortality®. Genetic, anthropometric, nutritional
and lifestyle factors*!! influence the appearance of fragi-
lity fractures or osteoporotic fractures, but also gyneco-
logical and obstetric factors'2. Among them, breastfeeding
reportedly exerts an essential reproductive function in
women and protects the mother from developing many
diseases, such as cancer or diabetes!-1*.

Its effect on bone mineral metabolism is less defined,
however, and published results are often contradictory.
Some of these studies indicate that prolonged breastfee-
ding could be associated with an increase in bone mine-
ral density (BMD) and a lower prevalence of osteoporosis
in postmenopausal women'?1¢, while others suggest pre-
cisely the opposite, that prolonged breastfeeding is a risk
factor for the appearance of osteoporosis and fragility
fractures!’-21, Finally, reports have also been published
that do not find any effect, neither beneficial nor harm-
fu122-24—'

Therefore, we have carried out the present study in a
population of postmenopausal women to establish whe-
ther or not breastfeeding is associated with the subse-
quent appearance of densitometric osteoporosis and the
presence of fragility fractures, with the particularity that
the propensity score matching method was used. This
provides a more precise comparison of the variables stu-
died in the established groups, making them more ho-
mogeneous as we will describe in more detail in this

paper.

MATERIAL AND METHODS

A total of 758 women were included, who were studied
in the Bone Metabolic Unit of the Insular University Hos-
pital in the period between 2016-2020. They were in-
formed of the objectives of the study and gave their
informed consent. All completed a questionnaire, pre-
viously validated and used in other similar clinical stu-
dies on osteoporosis?>?¢, They also underwent a basic
physical examination that included height and weight
measurements to then calculate their body mass index
(BMI). Subsequently, they were grouped into women
who had breastfed (cases) and women who did not
(controls).

Sample collection and laboratory techniques

Blood and urine samples were collected in the morning,
between 8:00 and 9:00 am, after an overnight fast.
Blood was collected in the appropriate specific tubes
for each determination, with the least possible venous
compression, and was centrifuged at 1,500 g for 10 mi-
nutes; the serum was separated into aliquots and stored
within one hour from the extraction at -202C until the
biochemical analyzes were carried out, although most
of them were carried out the same day as the extraction.
Glucose, urea, creatinine, calcium, inorganic phospho-
rus, total proteins, total cholesterol and its fractions and
triglycerides were measured using standardized and
automated colorimetric techniques on an autoanalyzer
(Kodak Ektachem Clinical Chemistry Slides).

Serum calcium was corrected according to total pro-
teins by means of the following formula:
Corrected calcium = previous calcium (mg/dl)/
[0.55 + total proteins (g/1)/16]

Determination of ultrasound values in the calcaneus
Ultrasonographic parameters were estimated in the cal-
caneus of the dominant foot using a Sahara® Hologic®
ultrasonographer (Bedford, Massachusetts, USA). This
device measures both the broadband ultrasound atte-
nuation (BUA) and the speed of sound (Speed of sound,
SOS) in the region of interest of the calcaneus. The BUA
and SOS values are combined into a single parameter ca-
lled the quantitative ultrasound index (QUI), also known
as the consistency or stiffness index, which is obtained
by means of the formula:
QUI = 0.41 (SOS) + 0.41 (BUA) - 571

The T-score values were calculated from the values

published as normal for the Spanish population?’.

Bone mineral density (BMD)

BMD was measured by dual radiological absorptio-
metry (DXA), both in the lumbar spine (L2-L4) and in
the proximal extremity of the femur, with a Hologic Dis-
covery® densitometer (Hologic Inc, Waltham, USA),
whose accuracy is 0.75-0.16%. The measurements were
made by the same operator, so there was no inter-ob-
server variation. The T-score values were calculated
from the values published as normal for the Canary Is-
land population?s.

Diagnosis of osteoporosis and fragility fractures
Osteoporosis was considered to exist when a T-score
equal to or less than -2.5 was obtained in any of the 3
anatomical locations where bone mineral density was
determined: lumbar spine L2-L4, femoral neck or total
hip.

The existence of a fragility fracture was diagnosed
when they occurred without a trauma to justify it or
when a maximum fall from the height of the woman in
question. The fractures were confirmed by medical re-
ports available in their medical history: emergency ser-
vices, trauma, rehabilitation, or after analyzing x-rays.

Ethics

Our study was carried out in accordance with the stan-
dards of the Declaration of Helsinki?® and was approved
by the Ethics Committee of the Insular University Hos-
pital. All patients were informed of the objectives of the
study and their informed consent was requested.

Statistic analysis

Univariate analysis

Initially, we carried out an analysis of the numerical va-
riables, studying whether or not they followed a normal
distribution. Later we carried out a descriptive study. Ca-
tegorical variables were summarized by percentages,
and numerical variables by means and standard devia-
tions if they followed normality, or as median and their
interquartile range (percentiles = 25% - 75%) if they did
not. To study the possible associations between catego-
rical variables, the Chi-square test (x?) was used and the
odds ratio (OR) was used as a measure of association,
which was estimated using a 95% confidence interval
(95% CI). In those cases in which there were cells with
less than 5 cases, Fischer's exact test was applied.
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Table 1. Baseline characteristics of the women studied

Yes
N =457
Age (years) 63.4+11.7
BMI* (kg/m?) 27.8+5.1
Tobacco use, n (%)
Yes 71 (15.5)
No 305 (66.7)
Ex-smoker 81 (17.7)
Alcohol use, n (%)
Yes 205 (45.0)
No 246 (53.9)
Ex-drinker 5(1.1)
Physical activity, n (%)
Sedentary 303 (67.2)
Light 123 (27.3)
Moderate 25 (5.5)
Diabetes
Insulin-dependent 9 (2.0)
No insulin-dependient 53 (11.6)
No diabetes 395 (86.4)
Fractures, n (%)
All fractures 157 (34.4)
Vertebral 45 (10.3)
Hip 20 (4.6)
Colles 36 (8.2)
Falls 167 (37.0)
Kyphosis 114 (25.5)

Current calcium intake (mg/dfa)

700 (600-850)
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Breastfeeding
No

N =301 P value

57.3+13.8 <0.001

264 +6.1 <0.001

52 (17.3)

0.787

199 (66.1)

50 (16.6)

126 (41.9)

0.582

173 (57.5)

2(0.7)

205 (68.8)

0.897

77 (25.8)

16 (5.4)
6 (2.0)

0.696
29 (9.6)

266 (88.4)

84 (28.1) 0.071
26 (9.3) 0.665
4(1.4) 0.023
20 (7.1) 0.606

93 (31.0) 0.089

48 (16.0) 0.002

700 (537-850) 0.425

The data are expressed as means * standard deviations, medians (IQR) and frequencies in number (%); * BMI: body mass index.

To evaluate the association between a quantitative
variable and a categorical variable, the Student's t-test
or ANOVA (if there were more than 2 categories) was
used for variables with normal distribution, or the non-
parametric Mann-Whitney U test for the non-normal
ones. In all cases, the significance level was considered
at 5% (p<0.05).

Propensity score matching

To establish the association between breastfeeding and
the presence of fragility fractures more precisely and to
eliminate the influence of other variables, a similar non-
lactating control (matching) was selected for each case
of lactating women. This process was based on the me-
thod called propensity score matching, which in our case
is defined by the conditional probability that breastfee-
ding is conditioned by those variables that could act as
confounding factors. The propensity score was obtained

for each patient using logistic regression, in which the
final variable was breastfeeding. The co-variates inclu-
ded in the model were selected using the complete enu-
meration algorithm and the Akaike information criteria
(Akaike Information Criterion, AIC).

Matching

Subsequently, we performed an adjusted 1 to 1 analysis
without replacement, based on the propensity score of
each patient. The caliper or calibrator chosen was 0.7.
After adjustment for the propensity score, the baseline
characteristics were compared by McNemar's test for bi-
nary variables or with the t-test or Wilcoxon, as appro-
priate in each case, for continuous variables and paired
data. The 13 variables selected by the program to be in-
cluded in the matching were: age, BM], falls, use of statins
or thiazides, uric acid, total cholesterol, HDL-cholesterol,
triglycerides, the presence of kyphosis and densitometric
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Table 2. Bone mineral density values obtained by densitometry (DXA) and ultrasound (QUS), values adjusted for age and

BMI and prevalence of densitometric osteoporosis

Yes
N =457
Densitometry (DXA)
L2-L4 (g/cm?) 0.828 (0.7 ; 0.942)
T-score -2.0 (-2.8;-0.942)

Femoral neck (g/cm?) 0.655 (0.6;0.738)

T-score -1.6 (-2.3;-0.9)
Total hip (g/cm?) 0.784 (0.7 ; 0.881)
T-score -12(-13;-11)
Ultrasounds(QUS)

BUA (dB/mHz) 60.8 (58.9;62.7)
SOS (m/s) 1522 (1519 1525)
QUI 78.1(76.0;80.1)

Densitometric osteoporosis*, n (%) 205 (44.9%)

No

N =301 P value
0.842 (0.7 ; 0.980) 0.624
1.9(-3.0;-0.5)
0.673 (0.6 ; 0.768) 0.080
-1.5(-2.3;-0.6)
0.788 (0.7 ; 0.893) 0.923
-1.2 (-1.3;-1.0)
60.9 (58.6;63.2) 0.950
1522 (1518 1526) 0.963
77.7 (75.2 ;80.2) 0.824
134 (44.5%) 0.927

Median (95% CI) adjusted for age and body mass index (BMI); *: presence of a T-score lower than -2.5 in any of the 3 locations where bone mineral

density (DXA) was determined, expressed in number (%).

values in L2-L4, femoral neck and total hip. Furthermore,
we established the success of the propensity score adjus-
tment by balancing the adjustment of the covariates in
the two groups using the standardized differences.
Those differences less than 10% supported the assump-
tion of equilibrium between the two groups. The level of
statistical significance was established at 5% (p<0.05).
The data were analyzed using the R program, version
3.6.1 (R Development Core Team, 2019).

REsuLTS

Table 1 of the women included in the study, grouped
into women who had breastfed and women who had
not. Those who had breastfed were older (63.4 + 11.7
years versus 57.3 + 13.8 years, p<0.001) and had a hig-
her BMI, (27.8 £ 5.1 kg/m? versus 26.4 + 6.1 kg/m?),
were performed after adjusting for these two variables.
The prevalence of hip fracture was higher among
women who had breastfed significantly, a significance
that subsequently disappeared when adjusting for age
and BML

Table 2 shows the BMD values obtained in the lum-
bar spine (L2-L4) and in the proximal extremity of the
femur with their corresponding T-scores. The ultra-
sound index values obtained in the calcaneus are also
shown, specifically the ultrasound attenuation coeffi-
cient (BUA), the speed of sound (SOS) and the consis-
tency index or stiffness (QUI). No statistically significant
differences were observed in any of the values obtained
between both groups studied. The prevalence of osteo-
porosis was similar between both groups: 44.9% in
women who had breastfed and 44.5% in those who had
not, (p=0.927).

Table 3 shows the biochemical values obtained in
both groups studied before making the adjustment. Sta-
tistically significant differences (p<0.05) are observed
in the serum values of uric acid, HDL-cholestero], trigly-

cerides and phosphorus. All of these differences subse-
quently disappeared when propensity score matching
was carried out.

Table 4 sets out the characteristics of the study pa-
tients after matching according to the propensity score
of each of them. The variables selected by the program
to carry out said matching are shown, which were a total
of 13, including all those that had previously shown sta-
tistically significant differences in the crude compari-
sons. As a consequence of this matching, the sample size
was substantially reduced to the point that the number
of women was finally made up of 254 women in each
group. As proof of the correctness of this pairing, it is ob-
served that the standardized differences are less than
10%, which indicates the homogeneity of the variables
between both groups.

Table 5 shows the data obtained by applying conditio-
nal logistic regression for the presence of fragility fractu-
res. After matching, breastfeeding showed no association
with fragility fractures.

Discussion

Osteoporosis is a very prevalent disease in which frac-
tures are its only clinical complication?3°. Various risk
factors have been implicated in the etiopathogenesis of
postmenopausal osteoporosis, related to lifestyle*712,
genetics® and even gynecological history'%14,

One of the etiopathogenic aspects on which there is
no consensus is the effect that breastfeeding, which is
carried out at a stage of life in which the woman is ob-
viously younger, may have on the subsequent develop-
ment of osteoporosis after menopause. Some studies
suggest that the “negative calcium balance” that would
occur during breastfeeding could generate a subsequent
loss of bone mass that would manifest itself after meno-
pause with an increased risk of developing densitome-
tric osteoporosis and/or fragility fractures!’-2%,




Carreras-Diaz R, Saavedra-Santana R Gomez de Tejada-Romero MJ, Martin-Martinez A, Sosa-Henriquez M OR|GINALS

Yes
N =457
Urea (mg/dL) 34 (28-41)
Creatinine (mg/dL) 0.8 (0.8-0.9)
Uric acid (mg/dL) 4.3 (3.7-5.2)
Glucose (mg/dL) 96 (89 - 105)

Total cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
LDL-cholesterol (mg/dL)

Triglycerides (mg/dL)

213 (186 - 238)
59 (50 - 68)
128 (106 - 151)

110 (82 - 150)

Calcium (mg/dL) 9.9 (9.5-10.3)
phosphorus (mg/dL) 3.4(3.1-3.8)
Total proteins (g/L) 7.1(6.9-7.5)
25-hydroxycholecalciferol (ng/mL) 22.1(16-30)
Parathyroid hormone (PTH) (pg/mL) 48 (36-75)
FATR* (UI/L) 82 (63-104)
Beta-crosslaps (ng/mL) 0.4 (0.2-0.61)
Osteocalcin (ng/mL) 20 (13-31)
Type I procollagen (P1NP) (ng/mL) 43 (31-60)
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Table 3. Biochemical data of the patients included in the study, classified according to whether they had breastfed
or not, adjusted for age and BMI

Breastfeeding
N =N§01 P value
33 (27 - 40) 0.189
0.8 (0.8-0.9) 0.460
42(3.6-5) 0.028
95 (88 - 103) 0.054
212 (186 - 240) 0.843
61 (51-72) 0.040
130 (108 - 158) 0.615
98 (75 - 126) <0.001
9.8(9.4-10.2) 0.092
3.5(3.1-3.9) 0.029
7.1 (6.9-7.4) 0.924
219 (16 - 31.1) 0.565
46 (35-70) 0.609
79 (65 - 98) 0.694
0.4 (0.2-0.61) 0.807
19 (12 - 29) 0.319
43 (27-59) 0.412

* FATR: tartrate-resistant acid phosphatase.

In fact, during lactation, the mother supplies the fetus
with around 300 mg of calcium daily, the source of which
is mainly bone, which produces a loss of between 5-10%
of maternal bone mass?3!, being enough for 3-6 months
lactation for this loss to occur®2. However, when studying
and trying to establish the gynecological and/or obstetric
factors that can influence bone mineral metabolism,
some authors assess only the presence or absence of
pregnancies'®, others study the number of pregnancies?!
with no shortage of who analyzes the age at which the
first pregnancy occurs?’. On the other hand, other au-
thors suggest that the organism adapts to this situation,
since it is transitory. With several compensatory home-
ostatic mechanisms, it restores balance in bone mineral
metabolism. Other authors suggest that when breastfe-
eding lasts up to one year, it would be correct to inform
the mother of the need for her to acquire nutritional and
physical activity habits that facilitate this recovery333+.

There are also notable differences in the method to
be used to assess the effect of breastfeeding on bone mi-
neral metabolism. Some studies analyze changes in
BMD'63, while others consider the risk of developing
fragility fractures'?!53¢, especially hip fractures!®?’. In-
terestingly, we have not found studies in the literature
that analyze the effect of breastfeeding on a very signi-

ficant aspect of the skeleton, which is bone quality, to
such an important extent that some authors consider
that it contributes more to fracture risk than the amount
measured by BMD3é,

Some studies have been carried out in order to know
what are the changes in bone mineral metabolism in
women at the time they are breastfeeding. Thus, Car-
neiro et al. suggested the hypothesis that in these
women there is an uncoupling between osteoblasts and
osteoclasts that leads to a rapid loss of bone mass®°.

In a review carried out by Sower on the effect of preg-
nancy and lactation on bone mineral metabolism, a wide
variability is collected in the results obtained in the dif-
ferent publications, which is considered to be largely
due to the heterogeneity of the methodology used in
these studies*.

A total of 758 women were included in our study, of
whom 301 (39.7%) had not breastfed and 457 (60.3%)
had. All of them were postmenopausal and in the analy-
sis of their clinical characteristics in the baseline evalua-
tion, we found the existence of statistically significant
differences in age and BMI, which is why the densitome-
tric values and the analytical parameters collected in Ta-
bles 2 and 3 are compared after adjusting for these two
variables.
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Table 4. Characteristics of the study women after propensity-score matching

Breastfeeding
Yes No % of standardized
N =254 N =254 pvalue difference*

Age (years) 60.4 +11.0 60.1+11.1 0.712 -2.9676
BMI (kg/m?) 277 % 5.7 27.0+£6.2 0.665 -3.4992
Falls 80 (31.5) 82 (32.3) 0.923 1.6807
Statins 79 (31.1) 86 (33.9) 0.550 5.8122
Thiazides 26 (10.2) 23(9.1) 0.775 -4.1077
Uric acid (mg/dL) 44+1.2 44+13 0.567 -4.8984
Total cholesterol (mg/dL) 214.7 £39.1 216.7 £45.9 0.615 4.2572
HDL-cholesterol (mg/dL) 62.4 +15.0 62.1+16.1 0.845 -1.6184
Triglycerides (mg/dL) 4.6+04 4.6+0.4 0.711 2.8626
L2-L4 (g/cm?) 0.8+0.2 0.8+0.2 0.972 0.2958
T-score -1.9+1.5 -1.8+1.7

Femoral neck (g/cm?) 0.7+0.1 0.7+0.1 0.258 9.1552
T-score 1.5+1.1 -1.4+1.2

Total hip (g/cm?) 0.8+0.1 0.8+0.2 0.880 1.2448
T-score -1.3+14 -1.2+1.6

Kyphosis 53 (20.9) 46 (18.1) 0.470 -7.1422
Fragility fractures n (%) 75 (29.5) 74 (29.1) 1 -0.8647
Densitometric osteoporosis** n (%) 115 (44.1) 117 (44.8) 0.933 -1.540

Data are expressed as mean * standard deviation and frequencies: n (%); the calibrator (caliper) selected was 0.5; *: note that all standardized
differences were less than or equal to 10%; **: presence of a T-score lower than -2.5 in any of the 3 locations where bone mineral density

(DXA) was determined.

Table 5. Conditional logistic regression for the presence of fragility fractures. After matching, breastfeeding showed

no association with fragility fractures

Breastfeeding
Yes No
N =254 N =254
Fragility fractures
No, n (%) 179 (70.5) 180 (70.9)
Yes, n (%) 75 (29.5) 74 (29.1)

p value* OR (95% CI)**

0.002 -
1 (Reference)
1.018 (0.704 - 1.447)

*: likelihood ratio test; **: conditional logistic regression; OR: odds ratio.

The distribution of lifestyles, such as tobacco use, physical
activity in leisure time and the prevalence of diabetes, sho-
wed similar prevalence figures, without obtaining statisti-
cally significant differences. In a study by Yan et al. in Chinese
women, they found that the differences observed in BMD in
postmenopausal women who had breastfed and those who
had not, were due to age, BMI and the number of pregnan-
cies and not to the fact of having or not breastfed?!. Given
the known effect of age and BMI on BMD? in our study, we
decided to adjust for these variables.

Women in both groups, lactating and non-lactating,
showed similar BMD values in both the lumbar spine
and the proximal end of the femur. Some studies have
described that women who breastfeed have lower BMD
values than those who do not?®%432 but there are other
authors who find the opposite: a protective effect with
higher BMD values and a lower risk of densitometric os-
teoporosis!®31. A study carried out in Korea in more than
one million women*! found that the parameters that
were independently associated with an increased risk of
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fracture were the presence of late menarche, early me-
nopause and, therefore, a shorter reproductive period,
but not breastfeeding, a finding that concurs with our
results.

In the literature consulted, we did not find studies
that linked breastfeeding with bone quality assessed by
ultrasound in postmenopausal women, and we only
found one study carried out in premenopausal women
that reported a beneficial effect*?.

In our study, no statistically significant differences
were observed in the ultrasound indices, so we can accept
that breastfeeding has no effect, either positive or nega-
tive, on bone quality estimated by these measurements.
We consider the statistically significant differences that
we have found in the biochemical data to be clinically irre-
levant*?, as they are within the range of normality esta-
blished by the laboratory and do not have a clinical
impact.

By applying the statistical technique of the propensity
score matching method, we achieved a better fit of the

Rev Osteoporos Metab Miner. 2021;13(2):58-65

women to homogenize both groups. The variables esta-
blished by the program to be included in the adjustment
are shown in table 4 and it can be seen that the standar-
dized difference percentage ranges between -7.1422
and 9.1552. This indicates a very good fit, which has
been established by consensus as less than 10%. Al-
though as a consequence of this adjustment, the number
of women studied decreased to 254 in each group,
thanks to it we were able to establish more precisely, by
applying conditional logistic regression, that breastfee-
ding has no effect on the presence of fragility fractures
after menopause.

In conclusion, our study suggests that breastfeeding
has no positive or negative effect on bone mineral me-
tabolism after menopause, according to the biochemical
results obtained (with markers of bone remodeling, vi-
tamin D and PTH) and the densitometric (with DXA and
QUS). Finally, the propensity score matching method
allowed us to confirm that it did not influence the pre-
valence of fragility fractures after menopause either.

}}l Conflict of interests: The authors declare no conflict of interest.
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Summary

Objetive: To assess the effect of vitamin D supplementation on musculoskeletal complications related to aromatase inhibitor
(Al) treatment in patients with breast cancer.

Material and methods: Prospective observational study of women undergoing Al treatment, recruited in the B-ABLE
cohort. Patients with baseline serum 25 (OH) D (25-hydroxyvitamin D) levels <30 ng/ml received a 16,000 IU dose of
oral calcifediol every 2 weeks. Arthralgia and bone loss related to Als were assessed at 3 months and 1 year of follow-
up, respectively. The association analyzes of vitamin D status at 3 months with musculoskeletal events were carried out
using adjusted multivariate linear regression models. In addition, the association of incident pain, defined as patients
without initial joint pain, but with a visual analog scale (VAS) >0 at 3 months, was evaluated using logistic regression.
Results: Vitamin D supplementation at the start of Al treatment decreased the risk of both incident arthralgia and its
worsening. The effective threshold of 25 (OH) D in serum to reduce joint pain was established at 40 ng/ml. However,
this threshold was not significantly related to bone changes at one year of follow-up. However, vitamin D levels were in-
versely correlated with lumbar spine bone loss (LS) (8=0.177% [95% CI: 0.014 to 0.340]).

Conclusions: Vitamin D supplementation aimed at achieving serum 25(0OH)D levels of at least 40 ng/ml is protective
for arthralgia. Vitamin D levels at three months could predict the risk of bone loss in LS at one year of Al treatment. The-
refore, high doses of vitamin D are recommended in these patients, who are more prone to musculoskeletal conditions.

Key words: aromatase inhibitors, vitamin D, breast cancer, bone loss, arthralgia.

INTRODUCTION

Survival for patients who suffer estrogen receptor posi-
tive (ER+) breast cancer has improved dramatically over
the years due to the addition of adjuvant hormonal the-
rapy, especially aromatase inhibitors (Al). Letrozole,
anastrozole and exemestane are third generation Als
that massively reduce circulating estrogens in postme-
nopausal women. Although this effect is decisive for sur-
vival and the reduction of tumor relapse, it also leads to
adverse events and quality of life problems, more pro-
minently associated with the musculoskeletal system?.
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»

Its use in women as adjunctive treatment for 2-5 years
has been correlated with an increased risk of bone loss
and fractures??. Furthermore, Al administration is asso-
ciated with the appearance and/or increase of arthralgia
—described as joint pain- with an estimated incidence of
55% in a previous study by our group*. The high rate of
arthralgias is of particular concern, since it is reportedly
the most frequent reason for interrupting treatment>®,
Although practical guidelines have been developed to
prevent and manage [A-related bone loss’, effective treat-
ment of arthralgia has yet to be addressed?.
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Previous studies in the B-ABLE cohort, a clinical, pros-
pective, cohort study of women diagnosed with early ER+
breast cancer, and candidates for aromatase inhibitor the-
rapy, showed that low levels of 25-hydroxyvitamin D
(25(OH)D) were associated with greater bone mass loss
and worsening joint pain®?!. Similarly, IA-related arthral-
gia in the B-ABLE cohort was significantly reduced in
those patients who achieved serum 25(0OH)D concentra-
tions =40 ng/ml*. Consequently, maintaining optimal
25(0H)D levels in the general population is strongly re-
commended to prevent not only bone loss but other non-
skeletal disorders as well'2. Therefore, assessment of
serum 25(0H)D levels in breast cancer patients treated
with Al could be important in preventing musculoskeletal
disorders, as well as other issues that affect quality of life.

To further explore the association of vitamin D status
with bone loss and arthralgia, the expanded B-ABLE co-
hort, comprised of 927 postmenopausal women diagno-
sed with RE+ breast cancer and treated with IA, was
evaluated. This was intended to establish target 25 (OH)
D threshold levels to prevent the appearance of arthral-
gias associated with Al

MATERIAL AND METHODS

Study design and participants

From January 2006 to January 2019, data were collected
from 927 Caucasian postmenopausal women who had
been diagnosed with ER+ early breast cancer and who
were candidates for Al treatment (letrozole, exemes-
tane, or anastrozole). These women were recruited into
the B-ABLE cohort -an unselected, prospective clinical
cohort study- at Hospital del Mar (Barcelona, Spain)
(ClinicalTrials.gov 2019 Identifier: NCT03811509).

Participants were recruited 6 weeks after surgery or
1 month after the last chemotherapy cycle or, alternati-
vely, once menopause began after taking tamoxifen
(TAM) for 2 to 3 years. Postmenopausal status was defi-
ned as patients aged >55 years with amenorrhea of >12
months, or those aged <55 years with luteinizing hor-
mone levels >30 mIU/ml and/or follicle-stimulating
hormone levels >40 mIU/ml. Exclusion criteria were:
previous history of any metabolic bone disorder, alco-
holism, rheumatoid arthritis, and concurrent or pre-
vious treatment with oral corticosteroids. Patients with
vitamin D levels 230 ng/ml were also excluded, as they
did not receive vitamin D supplements.

At the outset of the study, all patients’ bone mineral
density (BMD) was evaluated in the lumbar spine (L1-
L4), the femoral neck (FN) and the total hip (TH). Those
with a T-score <-2.5 at any site, or with a T-score <-2.0
at any site plus a major risk factor??, and/or previous fra-
gility fractures, were treated with antiresorptive drugs,
including weekly oral risedronate or alendronate, or de-
nosumab every 6 months.

All participants with baseline serum levels of 25 (OH)
D <30 ng/ml received a dose of 16,000 IU of oral calcife-
diol (Hidroferol® Faes Farma) every 2 weeks from the
start of the study, in addition to calcium tablets and 25
(OH) vitamin D3 (1,000 mg and 800 IU daily, respectively)
if your dietary calcium intake was less than 1,200 mg/day.

Variables

Visual analog scale

Avisual analog scale (VAS) was used to record the inten-
sity of self-reported joint pain at baseline (before star-
ting Al treatment) and after 3 months of Al treatment.

The score ranged from 0 (no pain) to 10 (maximum
pain). The question associated with the VAS was the fo-
llowing "please indicate the intensity of the pain you feel
in your peripheral joints (knee, wrist, fingers/toes,
elbow, shoulder, etc.), excluding the spine/back pain and
pain in the operated area'!™.

The administration of analgesics and anti-inflamma-
tories was recorded and taken into account for the eva-
luation of pain.

Vitamin D levels

Vitamin D (25 (OH) D) levels were assessed at baseline
and at 3-month follow-up in each study participant.
Serum 25 (OH) D levels were obtained from peripheral
blood using a competitive direct immunoluminometric
assay with direct coated magnetic microparticles (coeffi-
cient of variation: <10%) (Elecsys Vitamin D total II,
model 07028148190; Cobas €801 system, Roche Diag-
nostics GmbH, Mannheim, Germany).

Bone mineral density (BMD

BMD measurements were made in the lumbar spine
(LS), the neck of the femur (FN) and the total hip (TH)
at the beginning and at 12 months of treatment with Al
BMD was measured with a DXA QDR 4500 SL® densito-
meter (Hologic, Waltham, Massachusetts, USA), accor-
ding to the manufacturer's recommendations. In our
unit, the in vivo coefficient of variation of this technique
is 1.0% in LS, 1.60% in CT and 1.65% in CF.

Other variables

At the time of recruitment, data on clinical variables
were recorded, such as: age, body mass index (BMI), age
at menarche and menopause, number of children, total
months of breastfeeding, spine x-ray and recent chemo-
therapy (women exposed to chemotherapy one month
before recruitment), among others.

Statistical analysis

Descriptive data were presented using the mean or me-
dian depending on the nature of the variables. Differen-
ces between values at baseline and at 3 or 12 months
were analyzed using the Wilcoxon paired samples test
and the paired t test. Based on previous findings?!, four
vitamin D thresholds were defined according to the pa-
tients’ vitamin D concentrations at three months of fo-
llow-up: 220 ng/ml, 230 ng/ml, 240 ng/ml and =50
ng/ml. ml. The association between absolute changes in
VAS from baseline to 3 months and vitamin D thresholds
was analyzed using a multivariate linear regression
model. Furthermore, the association of incident pain, de-
fined as patients without initial joint pain, but with a VAS
>0 at 3 months, and vitamin D thresholds, was evaluated
using logistic regression. Regression analyzes were ad-
justed for age, BMI, recent chemotherapy, previous use
of tamoxifen, and current use of bone antiresorptives.
The linearity, interaction and absence of multicollinea-
rity of the independent variables were checked.

Finally, a subset of participants not exposed to anti-
resorptive treatments was selected to assess the asso-
ciation between relative changes in BMD at 12 months
and vitamin D thresholds, or vitamin D levels at 3
months, using linear regression. adjusting for age, BM],
years since menopause, recent chemotherapy, and prior
tamoxifen use. In addition, the linearity of the indepen-
dent variables was verified.
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Statistical analyzes were carried out using R for Win-
dows version 3.3.3, using foreign, compareGroups, car,
QuantPsyc and gam. All statistical tests with p<0.05
were considered significant.

Ethics approval

The study protocol followed the standards of the Decla-
ration of Helsinki and was approved by the Parc de Salut
Mar ethics committee (2016/6803/I). Written informed
consent was obtained from each participant once they
had read the study information sheet and all their
doubts were clarified. The privacy rights of human sub-
jects were always respected.

ResuLts

Participants

A total of 741 of the 927 patients recruited in the B-
ABLE cohort were visited at the 3-month follow-up, had
data available and had baseline serum 25 (OH) D levels
below 30 ng/ml (Figure 1). and, therefore, they were eli-
gible for the present study. The baseline characteristics
of the selected patients are indicated in table 1.

Al-rel rthralgia and vitamin D month
At 3 months, the median [Q1;Q3] of the VAS increased
from 2.00 [0.00;4.00] to 3.00 [0.00;5.00] (p<0.001), and
the vitamin D increased from 15.10 [10.8;21.00] to
40.20 [30.90;52.50] (p<0.001). The change in VAS from
baseline to 3 months was significantly associated with
a vitamin D threshold 240 ng/ml (p<0.05) at 3 months
of follow-up (Table 2), that is, an increase in VAS decre-
ased 0.40 units in patients who reached a vitamin D
threshold greater than 40 ng/ml with supplementation
(Figure 2).

Incident pain was assessed in a subset of 301 patients
without initial pain. Of these, 117 (38.87%) developed
joint pain at 3 months with a median VAS [Q1;Q3] of 3.50
[2.20;5.00]. The logistic regression between vitamin D
thresholds and the appearance of joint pain at 3 months
showed that those patients who achieved vitamin D le-
vels 240 ng/ml were less likely to experience incident
pain (p<0.05) (Table 3 and Figure 3).

BMD and vitamin D

Data from 473 patients who were not exposed to any
antiresorptive treatment and who had BMD data at 12
months of follow-up were analyzed. In these patients, the
BMD of the LS, FN and TH decreased significantly after
12 months of treatment with Al (p<0.001) (Table 4).

No association was detected between any of the vita-
min D thresholds analyzed (220 ng/ml, 230 ng/ml, 240
ng/ml, or 250 ng/ml) at 3 months and the relative chan-
ges in BMD of LS, FN and TH at 12 months. However,
each 10 ng/ml increase in serum vitamin D at three
months was associated with a lower loss of BMD in LS
(unadjusted f = +0.194% [95% CI: 0.028 to 0.359] and
adjusted 3 =+0.177% [95% CI: 0.014 to 0.340]; p<0.05).
No significant associations were observed between vi-
tamin D levels and BMD of FN and TH.

Discussion

An observational, prospective, and real-life study of
postmenopausal women treated with aromatase inhibi-
tors included in the B-ABLE cohort was carried out. Al
treatment in ER+ early breast cancer patients is strongly
associated with musculoskeletal side effects. However,

Rev Osteoporos Metab Miner. 2021;13(2):66-71

Figure 1. Flow chart showing the number of patient
records included in each study point

Included
-BMD LS (n=472)
-BMD FN (n=473)
-BMD TH (n=471)

Included
(n=741)

- Incident pain in
n=117 Excluded
- Still in follow-up
(n=24)
Excluded - BMD not available
- Still in follow-up (n=26)
(n=25) - Treatment
- VitD levels 230 at antiresorptive
baseline (n=99) (n=218)
- VAS or VitD data not

available (n=62)

BMD: bone mineral density; FN: femoral neck; LS: lumbar spine; TH: total
hip; VitD: serum levels of 25-hydroxyvitamin D.

Table 1. Baseline characteristics of the patients

Variables N=741
Age, years (Mean * SD) 619 +7.89
BM], kg/m? (Mean * SD) 29.1 (5.36)

VAS (Median [Q1;Q3]) 2.00 [0.00; 4.00]

Vitamin D, ng/ml (Median * SD) 15.1[10.8; 21.0]

BP, n (%) 149 (20.1%)

TAM, n (%) 223 (30.1%)

Recent CT, n (%) 279 (37.7%)

BMI: body mass index; BP: bisphosphonates; VAS: visual analog
scale; TAM: tamoxifen; Q: quartile; CT: chemotherapy.

vitamin D supplementation early in Al appears to atte-
nuate one of the main risk factors for treatment inte-
rruption: Al-related arthralgia. Our results suggest that
Al-induced joint pain is vitamin D dependent, and that
40 ng/ml is the effective target threshold for serum 25
(OH) D levels to reduce the risk of both joint pain inci-
dence and its worsening. However, this threshold is not
significantly related to changes in BMD at one year of fo-
llow-up. However, vitamin D supplementation was in-
versely correlated with bone loss of CL, as each 10 ng/ml
increase in serum 25 (OH) D at 3 months resulted in a
reduction in blood pressure and 0.177% bone loss.
Vitamin D is known to play an important role in mus-
culoskeletal tissues in addition to bone'*, including mus-
cle’>, cartilage'®, and synovium!’. Previous studies
carried out in women with ER+ early breast cancer re-
ceiving Al treatment, who also frequently present vita-
min D deficiency!®, provide evidence of the possible
effects of vitamin D status on musculoskeletal health®%,
In our cohort study, the main musculoskeletal effect of
vitamin D supplementation was found in Al-related
arthralgia, consistent with a previous study by Prieto-
Alhambra et al. in 2011, Similarly, another observatio-
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Table 2. Linear regression between the change in the VAS from baseline to 3 months and the vitamin D threshold at 3

months (in all patients n=741)

Threshold at 3 months N (%) patients at threshold
220 ng/ml 705 (95.01%)
230 ng/ml 567 (76.42%)
240 ng/ml 383 (51.62%)
=50 ng/ml 225 (30.32%)

Unadjusted B [IC 95%] Adjusted @ [IC 95%]

0.03 [-0.78; 0.85] 0.19 [-0.63; 1.02]
-0.05 [-0.47; 0.36] -0.06 [-0.48; 0.36]
-0.39 [-0.74; -0.03] -0.39 [-0.75; -0.04]

0.09 [-0.30; 0.47] 0.08 [-0.31; 0.46]

f3: B-coefficient adjusted for age, BMI, recent chemotherapy, antiresorptive drugs and previous tamoxifen; Cl: confidence interval. In bold:

significant results (p<0.05).

Table 3. Logistic regression between incident pain and vitamin D threshold at 3 months (patients without initial pain

n=301; of these, n=117 developed incident pain)

Threshold at 3 months N (%) patients at threshold
220 ng/ml 292 (97.00%)
230 ng/ml 242 (80.40%)
240 ng/ml 165 (54.82%)
=50 ng/ml 106 (35.22%)

Unadjusted OR [IC 95%] Adjusted OR [IC 95%)]

0.79 [0.21; 3.00] 0.83 [0.21; 3.27]
0.76 [0.43; 1.36] 0.81 [0.45; 1.46]
0.53 [0.33; 0.85] 0.55 [0.34; 0.90]

0.77 [0.47; 1.26] 0.81 [0.49; 1.34]

CI: confidence interval; OR: odds ratio, adjusted for: age, BM], recent chemotherapy, antiresorptive drugs, and previous tamoxifen. In bold:

significant results (p<0.05).

nal study showed that a high dose of vitamin D (50,000
[U weekly of vitamin D3 orally) improved arthralgia va-
lues in patients who achieved mean concentrations of
25 (OH) D higher than the mean of 66 ng/ml?°. In our
case, the threshold was defined as 240 ng/ml, which was
reached after 3 months of vitamin D supplementation in
approximately 50% of patients. Clinically, the fact of con-
taining the increase in pain related to Al at 3 months
helps to improve the patients’ quality of life, as well as
avoiding treatment discontinuity?'.

Unlike pain, changes in BMD usually take longer to no-
tice. Bone remodeling is a progressive process that results
in long-term changes in BMD. Therapeutic interventions
on BMD are evaluated annually in routine clinical practice.
For this reason, in our study, BMD was assessed after 1
year of follow-up. Associations with vitamin D intake
were only detected in the lumbar spine, which is not sur-
prising given that bone remodeling is more active in this
area and the pharmacological effects are more visible in
trabecular bone compared to other skeletal locations with
greater cortical content. We observed that increases in
serum 25 (OH) D at 3 months were inversely correlated
with Al-related bone loss at 1 year, therefore, this increase
in 25 (OH) D could predict bone behavior at 1 year, but
only visible in column. This coincides with a previous
study by Prieto-Alhambra et al.??, although they found
greater reductions in bone loss of 1.70%, in patients who
achieved serum vitamin D levels 240 ng/ml.

This study has several limitations. First, this is not a
randomized control trial, so the efficacy of high-dose vi-

tamin D supplementation compared to a placebo group
could not be assessed. Furthermore, compliance with vi-
tamin D supplementation was not strictly controlled.
This could explain the variability of 25 (OH) D levels bet-
ween patients after 3 months of treatment. Finally, the
current assumption that circulating 25(0OH)D concentra-
tions are a measure of vitamin D functional status may
be incorrect. However, measuring 25(0OH)D levels is the
easiest and most reliable assessment of vitamin D status
currently available.

Vitamin D supplementation administered to patients in
specified doses increases levels from 15.10 [10.8;21.00]
to 40.20 [30.90;52.50], thus reaching adequate levels of
vitamin D at 3 months in most of the patients. The goal of
therapy is to treat vitamin D insufficiency/deficiency ra-
ther than increase to supranormal concentrations, so we
believe the risk of harm from administered doses is very
low.

Our results suggest that optimal levels of vitamin D are
associated with a reduced risk of joint pain related to Al
treatment. A target threshold of 250HD serum levels was
setat 40 ng/ml to significantly reduce the increase in joint
pain. It should be noted that this threshold is well above
the goal of 20 ng/ml recommended by the 2010 Institute
of Medicine (IOM) report?3. Therefore, vitamin D supple-
ments at the specified doses could be protective against
arthralgia and Al-induced spinal bone loss. As a final ob-
servation, vitamin D supplements are inexpensive, safe,
and easily accessible, making these drugs easy to use on
a wide scale.
