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Abstract

Summary This study, characterizing the incidence of hip fractures in Mexico, showed not only that the crude number of
fractures has increased, but also there has been a decrease in fracture rates. Nonetheless, as the population ages in the com-
ing decades, the current declines rate of could be expected to reverse.

Purpose This study is to examine the incidence, rates, and time trends of hip fractures from 2006 to 2019 in Mexico. Addi-
tionally, an analysis of the follow-up of the birth cohorts was carried out.

Methods Hip fractures registered during the period of the study were obtained through the Mexican Social Security Institute
(IMSS) national discharge records. The incidence per 100,000 individuals was calculated from the IMSS population at risk.
A time trend analysis was conducted using linear regression, and the identification of breakpoints in linear trends.

Results There was an increase of hip fractures for both sexes > 60 years (43% for women and 41%, for men). However, the
rates diminished from 167.8/100,000 in 2006 to 138.5 /100,000 in the population 60 and over (1.9% and 0.9% per year in
women and men respectively). When the information was analyzed by age groups, hip fracture rates were similar in both
sexes but higher in women. The most significant contribution to the total number of fractures is due to the groups > 70 years;
people born before 1937 are accounting for the burden of fractures over the total data. In contrast, the younger generations
appear to have lower rates.

Conclusion Rates of hip fracture have steadily declined in Mexico since 2006; however, with the population aging in the
coming decades, current rates declines could be expected to reverse.

Keywords Age-period-cohort - Epidemiology - Hip fracture - Mexico - Trends
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Introduction

Accordingly with the 2019 global, regional, and national
burden of bone fractures (GBD 2019) [1], there were 178
million (95% UI 162-196) new fractures in the year 2019, an
increase of 33.4% since 1990; 455 million of prevalent cases
(an increase of 70.1%) and 25.8 million years lived with dis-
ability for this very same condition, also with a rise of 65.3%
since 1990 [1]. Although these figures include fractures in
both sexes and any age, in this same report, when numbers
were disaggregated for age and sex, an exponential increase
in the number of fractures after age 60 is notable, with a
clear predominance of women (presumably, the majority of
them were associated with bone fragility). The age-standard-
ized rates of fractures in 2019 were 2292.2 incident cases per
100,000 population; a decrease of 9.6% in the standardized
rates from the year 1990 was noted.

The decrease in hip fracture rates has been reported in
several countries since the 1990s. Brauer et al. [2] reported
the incident rates from Medicare claims in the USA from
1966 to 2004 and noticed a decrease in incident rates start-
ing in 1994 in both sexes, more pronounced in the popula-
tion over 84 years old. Leslie et al. [3] in Canada reported
the same phenomenon where age-standardized rates of
hip fractures decreased while the crude rate remained the
same. Cooper et al. reported in England and, more recently
Sweden and Chile analyzed the trends of hip fractures
rates in these two countries finding that rates decreased
significantly in both genders over time [4-6].

In Mexico, we reported the age and sex-specific rates of
hip fracture between 2000 and 2006 [7], where we found
that the age-specific incidence of hip fracture increased
significantly in both sexes by 1% per year in the period of
the study, finding 29,732 fractures by 2005, and projected
an increment in these fractures of 155,874 by the year
2050 if no change in trends were expected. However, the
trends in the rates of hip fractures, as noticed above by the
different reports in other regions and countries over the
globe have decreased. Hence, we decided to analyze the
hip fracture incidence trends in a more extended period in
our country to determine if changes in age- and sex-spe-
cific fracture rates have occurred in Mexico. The purpose
of this study was to report the time trends of hip fractures
in the population 50 and over from 2006 to 2019.

Methods

For this study, we gathered national data on hip fractures
from the most extensive public health system in Mex-
ico, the Mexican Institute of Social Security (Instituto
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Mexicano del Seguro Social (IMSS), as we did in 2011.
The IMSS provides coverage for all formally employed
workers and their families. Additionally, IMSS extends
coverage to approximately 10 million people through
IMSS Bienestar (formerly INSABI) including the infor-
mally employed. Therefore, the IMSS delivers health
care to nearly 50% of the Mexican population [7]. For
this analysis, we include information on the incidence of
hip fractures from the years 2006 to 2019. The ICD-10
codes included were S72.0, S72.1 and S72.2. The data
was gathered from the IMSS annual discharge database
for each year of the study (SUI). This database follow the
steps required from the Manual of Medical Indicators 2016
that contains the methodology for the construction and
operation of the indicators of the Institutional Medical
Area [8]. Fracture reporting methods remained unchanged
during the study period. The incidence per 100,000 was
calculated from the IMSS population at risk; therefore,
the denominators were the population over 50 years old
for each year of the study.

Fracture data was analyzed in three categories: people
over 50 years of age, people over 60 years of age, and 5-year
periods from 2006 to 2019.

To find out the time trend of the rates, we performed a
time trend analysis using linear regression and identifica-
tion of breakpoints in linear trends using join point analysis
(Joinpoint Regression Program, Version 4.9.1.0. April 2022;
Division of Applications and Statistical Research, National
Cancer Institute, USA).

The temporal evolution of the number of fractures and
the crude rates according to sex and at one year were plot-
ted using MATLAB R2022b. In addition, a follow-up of
the birth cohort of the different 5-year periods of age was
carried out to establish which cohorts are currently causing
the burden of fractures and, to evaluate the changes in the
rates through the different age groups in the period of years
analyzed.

Results

The number of fractures and the incidence rates in people
older than 50 years from 2006 to 2019 are shown in Fig. 1.

The number of hip fractures has been increasing in Mex-
ico in women and men over 50 years, from 6357 in 2006 to
9028 in 2019, an increase of 42% and 40%, respectively. As
reported elsewhere, women are more affected by this con-
dition than men in an approximate ratio of 2:1. A positive
percent change in the crude number of hip fractures is noted
in both sexes. However, while the total number of fractures
has increased, the fracture rates have decreased in men and
women by 1.9% and 0.9% per year, respectively. Similarly,
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Fig. 1 Annual numbers (crude) and rates per 100,000 population of hip fractures

when considering the population over 60 years, there was an
increase of 43% in women and 41% in men (Table 1).

Figure 1 shows the number of hip fractures and incidence
rates per 100,000 people older than 50 years. The bars rep-
resent the number of fractures in men and women (men gray
and women pink), and the lines represent the rates. It is clear
that while the number of fractures increases sustainably, the
rates start to decrease in both sexes from the year 2011 and
the rest of the study period. This decrease is more marked
in women than in men. The rates dropped in women from
139.7 in 2006 to 109.2 in 2019/100,000 and in men from
83.3 to 70.6/100,000.

The join point analysis showed that the general rate of
hip fractures (> 50 years) decreased in both sexes, in women
by 1.9% per year, while in men, they decreased by 0.9% per
year. These percentages are similar when the population over
60 years of age were analyzed separately; in this case, in
women and men, they decreased by 1.9% and 0.5% per year
between 2006 and 2019, respectively.

On the other hand, when the percentages of annual change
in the rates for 5 years in women were reviewed, it was
observed that in all these categories, there was an increase
in the rates until approximately the beginning of the 2010.
Then, the rates began to decrease in the nine different groups
over 5-year periods. Similarly, although the overall percent-
age change for men decreased when reviewed, the percentage

fluctuated, with increases and decreases occurring at different
points in each 5-year age period (Table 2).

The results of the calculation from each year of follow-up
for the individuals are presented in Fig. 2. The birth cohorts
organized by 5-year stratum can be traced diagonally from
left to right in the table. For example, individuals aged 50 to
54 from the first period (2006 to 2010) were born from 1952
to 1956 (indicated by the yellow color in the figure). These
same individuals were between 55 and 59 years old during the
following period (2011-2015), and are located one row down
and one column to the right, starting from the top left column.

When the information was analyzed by age groups, hip
fracture rates were similar in both sexes but were higher in
women. The most significant contribution to the total number
of fractures occurs to the groups > 70 years; individuals born
before 1937 are responsible for the burden of fractures over the
total data in men. Conversely, in women, the burden of frac-
tures is more prevalent in those aged > 65 years. In contrast, the
younger generations of both sexes appear to have lower rates.

Discussion
This study provides an update on the trends in the risk

of hip fracture in Mexico compared the previous study
published in 2011 [7]; it presents the accumulated results
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Table 1 Population data, crude number of hip fractures, and rates by sex and year

Women Men Total
Year Number of  Population  Rate per Number of  Population  Rate per Number of  Rate per

fractures 100,000 fractures 100,000 fractures 100,000

people people people

Population 50 years and over
2006 6357 4,549,130 139.7 3224 4,549,130 83.3 9581 113.8
2007 6825 4,555,785 149.8 3184 4,555,785 82.1 10,009 118.7
2008 6929 4,683,844 147.9 3402 4,683,844 85.7 10,331 119.4
2009 7211 5,080,731 141.9 3525 5,080,731 81.9 10,736 114.4
2010 7885 5,051,192 156.1 3769 5,051,192 88.5 11,654 125.2
2011 8145 5,607,193 145.3 3968 5,607,193 92.7 12,113 122.5
2012 8628 5,979,735 144.3 4025 5,979,735 89.2 12,653 120.6
2013 8778 6,337,431 138.5 4254 6,337,431 89.5 13,032 117.5
2014 9041 6,635,757 136.2 4177 6,635,757 83.8 13,218 113.7
2015 9156 6,861,631 1334 4415 6,861,631 85.7 13,571 113.0
2016 9166 6,896,606 1329 4524 6,896,606 83.4 13,690 111.1
2017 9228 7,380,898 125.0 4491 7,380,898 78.1 13,719 104.4
2018 9085 7,796,525 116.5 4527 7,796,525 74.5 13,612 98.1
2019 9028 8,270,662 109.2 4541 8,270,662 70.6 13,569 92.3
*Percentage of change +42 +81 -22 +40 +66 —15 +41 -19
Population 60 years and over
2006 5948 2,764,701 215.1 2872 2,491,206 115.3 8820 167.8
2007 6366 2,763,239 2304 2840 2,489,734 114.1 9206 175.3
2008 6485 2,844,924 2279 3014 2,555,689 117.9 9499 175.9
2009 6784 3,087,062 219.8 3148 2,775,413 1134 9932 169.4
2010 7397 3,089,090 239.5 3368 2,761,507 122.0 10,765 184.0
2011 7644 3,374,880 226.5 3542 2,672,456 132.5 11,186 185.0
2012 8098 3,610,687 224.3 3638 2,803,075 129.8 11,736 183.0
2013 8251 3,835,633 215.1 3839 2,959,134 129.7 12,090 177.9
2014 8502 4,040,492 210.4 3740 3,109,195 120.3 12,242 171.2
2015 8624 4,196,417 205.5 3925 3,216,359 122.0 12,549 169.3
2016 8604 4,211,684 204.3 4048 3,353,068 120.7 12,652 167.2
2017 8730 4,527,049 192.8 3983 3,558,605 111.9 12,713 157.2
2018 8551 4,793,660 178.4 4025 3,757,263 107.1 12,576 147.1
2019 8530 5,107,139 167.0 4069 3,991,913 101.9 12,599 138.5
*Percentage of change +43 +84 -22 +41 +60 -12 +42 -17

“The percentage of change is established from the year 2019 with respect to the year 2006. The positive sign reflects an increase, and the nega-

tive sign represents a decrease

between 2006 and 2019. During the 14 years of observa-
tion, a total of 171,488 hip fractures were recorded, of
which nearly two-thirds occurred in women.

The results of this new analysis showed changes in the
total number, as well as in the pattern of hip fracture rates
that occurred in Mexico during this period of observation.
In these observations, although there was an increase in
the crude numbers of fractures in patients older than 50
years, a decrease in the incidence rates of fractures was
observed simultaneously.

@ Springer

The Mexican population has increased the number of
women and men aged 50 years and over between 81 and
66%, respectively, leading to an increase in the number of
hip fractures in the period of 2006-2019 by ~ 40%. The
increases were comparable to those observed in other coun-
tries such as the USA, China, and Finland [9-14].

Nonetheless, it is relevant to notice that a decrease in the
rates of hip fractures between 15% in women and 22% in
men was observed. Fracture rates declined faster during the
second half of the study period. The turning point in this
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Table 2 Temporal t.rends in Female Male
the annual rate of hip fractures
presented as annual percentage Five-year age =~ Breakpoint  Period Annual per-  Breakpoint  Period Annual
change (%) between cut-off cent change percent
points change
50-54 2006-2012 +0.34 2006-2017 -0.88
2012 2012-2019 —5.56% 2017 2017-2019 —10.01
55-59 2006-2017  -2.78* 2006-2017 —1.21%*
2017 2017-2019 —19.29% 2017 2017-2019 —21.59%
60-64 2006-2010 +0.22 2006-2008 +4.11
2010 2010-2017 —2.86% 2008 2008-2016 —0.68
2017 2017-2019 -6.37 2016 2016-2019 —-4.63
65-69 2006-2008 +6.32 2006-2008 +6.46
2008 2008-2016 —2.54% 2008 2008-2017 -1.33
2016 2016-2019 -5.35 2017 2017-2019 -6.08
70-74 2006-2010 +1.48 2006-2008 -2.51
2010 2010-2016 -2.57 2008 2008-2013 +2.22
2016 2016-2019 —6.59* 2013 2013-2019 —3.74%
75-79 2006-2010 +0.86 2006-2008 -6.42
2010 2010-2016 —1.64 2008 2008-2012 +8.68
2016 2016-2019 —5.08* 2012 2012-2019 —4.08*
80-84 2006-2012 +1.47* 2006-2009 +0.06
2012 2012-2017 —2.90* 2009 2009-2012 +11.99*
2017 2017-2019 —8.50* 2012 2012-2019 —4.51*
> 85 afios 2006-2008 +4.99 2006-2009 -0.26
2008 2008-2016 -1.17 2009 2009-2012 +13.65
2016 2016-2019 —7.29% 2012 2012-2019 —4.08%*

*A statistically significant change

change in trends was around 2012; although it would be
risky to say that the drop in these rates is linear due to the
amount of data and the oscillations that these data present
throughout the period, but the observed lower trends in hip
fracture incidence appear to be consistent with previously
observed phenomena in the USA, Sweden, the Netherlands,
Finland, Norway, and France [14-18], and in Chile in the
Latin American Region [6]. Mexico is not an exception;
however, this phenomenon occurred more than a decade
after its appearance in these other countries. As far as we
are concerned, only Hong Kong and Taiwan seem to have
continued the rise in hip fractures.

In the USA [19-21], the decrease in rates was reported
between 1993 and 2003 among women and men aged 45
years and over, determining that both women and men
decreased by around 20%. It has been estimated that this
phenomenon began to occur in this country from the 1950s
[22]. On the other hand, in Canada, the results published by
Leslie et al. in 2009 [3] showed a decrease in hip fracture
rates from 1996 with a percentage change per year of around
1.2%; somewhat similar to the percentage we found in the
Mexican data.

In France, the incidence of hip fractures in people over 60

years of age decreased by 14% in women and 1.4% in men
from 2002 to 2013 [23]. Likewise, the annual number of hip
fractures (> 50 years) increased in both men and women in
Sweden and Denmark until the mid-1990s, and after this
year, the numbers began to decrease in both Swedish and
Danish women [5].

In Latin America, Chile [6], reported a pattern of behav-
ior similar to the one we have been describing in the other
countries, observing an increase in the crude number of hip
fractures in the population over 65 years of age, but at the
same time presenting a decrease at rates of 1.4% per year
in men and 0.9% per year in women. These figures are very
similar to the results found in Mexico, with the only differ-
ence that in Chile, the period 2001-2019 was analyzed with
people over 60 years of age, and our Mexican data begins 5
years later (2006-2019) in people over 50 years.

In the projections reported in our previous publication
[7], an increase in the number of fractures had been pre-
dicted in the years following 2011; so, the decrease in hip
fracture rates detected in the analysis presented here had not
been anticipated in the outlook.

@ Springer
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Age span

o 50-54 55-59 60-64 65-69 70-74 75-79 80-84 =85
Men Birth cohort
2006 20.9 30.8 38.1 58.7 117.3 1848 @ 264.7 164.7 Before 1921
2007 22 28.1 43.6 67.1 98.1 161.8 272 177.2 1922-1926
2008 21.7 341 43.4 69.7 1113 163.7 iGN 178.2 1927-1931
2009 194 30.9 39.3 60.6 BTSN 175.2 263 172.5 1932-1936
2010 204 34.2 46.5 7252 1158 168.8 @ 2946 168.2 1937-1941
2011 217 321 40.2 67.7 1176 2254 3578 243.8 1942-1946
2012 18.8 27.1 38 65.9 1085 2106 3771 254.6 1947-1951
2013 18.6 28.3 42.3 61.6 120.7 2238 353.3 EHEN 1952-1956
2014 20.6 26.4 39.9 58.7 113.8 193.2 3294 EEEEE 1957-1961
2015 204 30.9 40.6 60.4 106 197.2 3354 EENES 1963-1966
2016 185 276 41.7 62.3 1109 186.2 327.2 225
2017 19.9 26.9 39.2 63 99.9 179.5 298.9 199
2018 1 26.7 35.9 973 95.3 1695 2914 198
2019 15.7 234 35.2 53 95.7 166.5 268 181.4

Women
2006 14.8 32.2 58.2 1023 1976 376.8 @ 5814 358
2007 18.2 343 61.4 1126 2146 403 614.7 3793
2008 16.5 33 9.7 1134 2066 3913 604 399.9
2008 15.1 28.8 58.1 115.1 200.2 3629 SRS 366.2
2010 16.7 341 66 1141 2183 4139 | 6274 3%94.2
2011 16.6 28.5 53.2 1127 2104 3918 642 39357
2012 17 28.3 53.9 1044 2083 383.1 6587 @ 387.6
2013 14.7 28 54 95.6 190.2 3764 613.8 | 386.9
2014 13.8 28.3 54.1 102.3 | 1928 364.7 595.5 EGES
2015 139 26.5 47.8 93.1 190.1 3676 5719 pEHSE.
2016 14.6 277 52 100.3 1831 3465 5745  368.7
2017 bl 243 49.1 89.1 1724 3304 5671 3303
2018 12.2 239 442 88.3 155.6 311.7 502.7 3104
2015 10.8 21 42,6 79.2 151.2 295 465.7 2875

Fig. 2 Incidence of hip fracture (rate/100,000) by 5-years birth cohorts in Mexican men and women by age and sex

The results show that the burden of fractures in the health
system is caused by people born approximately before and
during the 1930s. Moreover, in the latest research, attempts
have been made to investigate the effect of birth cohorts
on these rate-reducing phenomena [5]. Age cohort effects
can potentially influence the occurrence of osteoporosis.
When studying age cohort effects, researchers examine
how individuals who share a birth year or a similar range
of birth years may exhibit similar characteristics, attitudes,
and behaviors due to their shared exposure to special cir-
cumstances such as medical advancements and awareness,
nutrition, dietary habits, and other lifestyle factors [24-26].

The phenomenon of declining fracture rates coincides
with a simultaneous increase in the crude number of frac-
tures. These phenomena can be attributed to several factors:

@ Springer

first, the changing age structure in the population over the
years, with an increasing number of older people at increased
risk of hip fracture. This phenomenon is transitory since the
population at risk is also more significant, and the rates will
grow again in the future.

In the same way, different aspects could influence the
reduction of fracture rates, including increasing awareness
of osteoporosis among health professionals and the general
population, recognizing it as a significant public health
issue. Additionally, improved access to diagnostic equip-
ment and patient follow-up studies involving densitometry
have played a role. Similarly, access to diverse treatment for
osteoporosis and to primary and secondary prevention pro-
grams has likely contributed. These previous factors would
not explain the declines seen in men who have not initially
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been a priority group in medical campaigns for screening
and treatment of osteoporosis. Besides, the care of patients
with fractures has gradually changed in our country with the
introduction of fracture coordinating units (FLS). To date,
33 FLS has been registered in the IOF capture the fracture
map in Mexico (https://www.capturethefracture.org/map-of-
best-practice). Additionally, the IMSS started the orthogeri-
atrics program in 2022, with plans to open 32 of these units
in the near future. IOF Latino America is also delivering
the Capture the Fracture mentorship program to selected
geriatricians and orthopedic surgeons to help them adapt the
model to their institution [27].

In addition, diet could affect the cohort effects since,
between 1935 and 1950 in Mexico, several dietary patterns
and nutritional practices were altered, potentially influencing
the occurrence of osteoporosis and fractures. Socioeconomic
changes during this period, including urbanization, may have
controlled access to nutritious foods. For example, lower
income individuals or those residing in urban areas might
have had less access to nutrient-rich foods, which could have
impacted on their overall nutrition and bone health [28].

It has also been suggested that the phenomenon of urbani-
zation in developing countries could have some influence.
It has been proposed that urbanization could lead people
to reduce the time of adequate physical activity, thereby
increasing body weight and the percentage of obesity in
the population. Moreover, as it noted in the literature, an
increased in BMD has been associated with a potentially
protective factor against falls, but this information is quite
controversial [29-31].

Nevertheless, the burden related to hip fractures is
expected to increase over time as the proportion of frail older
people at high risk of falls and fractures increases dramati-
cally in the coming decades [26].

As described by Partida Bush and collaborators [32] from
the National Council on Population of Mexico, the phenom-
enon of the aging process that is taking place in the popula-
tion is mainly based on the decline in fertility from previous
years. However, the reduction of mortality and the incidence
of migration will be the most critical factors in the distant
future, particularly beyond 2050, which will determine
this structural change in the population that could cause an
increase in the number of fracture rates again.

As we know, projections predict that by the year 2030,
life expectancy will increase to 79.8 (77.5 for men and 82.1
for women) in 2030 and to 81.3 years (79.0 for men and
83.6 for women) in 2050 [32]. In addition, the displace-
ment of economically active age groups to older ones leads
to an unfavorable relationship between the productive and
dependent population groups (known as the dependency
ratio) [32]. The total dependency ratio will increase rapidly
because of the aging process, reflected in the increase in
the old-age dependency ratio. This would leave the country

and our health systems in a situation of alert due to the eco-
nomic burden that the increase in fractures will generate in
the future [32, 33].

The limitations of this study include that only data from
the databases of a single Health Institute (IMSS) were col-
lected. However, in the other hand, the IMSS coverage is
high (~ 50%) and covers all geographical areas making it
representative of the Mexican population.

We included only data up to 2019 since during the
COVID-19 pandemic, must of the hospitals were converted
to COVID facilities receiving only patients with respiratory
symptoms [34]. Consequently, the flow of patients with
other comorbidities stopped, undoubtedly affecting the fig-
ures related to fracture care.

It should also be taken into account that one of the limita-
tions of working with this type of database is the possibility
of double-counting as readmissions for hip fracture within
the same calendar year may lead to this error. However, the
number of such cases could be attributed to the probability
of subsequent fracture risk within 1 year after a hip fracture.

Finally, it should be considered that a more in-depth
analysis of age-period-cohort effects was not conducted
using the general APC model. Therefore, future studies that
include data from additional years should consider imple-
menting such analyses to gain a deeper understanding of the
effects produced.

Conclusions

In the present study, incidence and temporal trends in the
crude number and rates of hip fractures in Mexico are
reported. Hip fracture rates in Mexico have consistently
decreased since 2006, but the crude numbers have increased.
This phenomenon is due to demographic changes in the age
cohorts in the population. Since the population continues
to age, in the coming decades this phenomenon will likely
reverse which could place a burden on Mexican Healthcare
Systems. Therefore, it is essential to strengthen prevention
programs among the younger population.
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