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Abstract

Background Body mass index (BMI) was used to classify overweight or obesity. The obesity paradox was observed in
elderly hip fracture patients. However, obesity has been implicated as one of the major risk factors for hypertension and
diabetes. This study aims to determine whether a high body mass index (BMI) remains a protective factor in hip fracture
patients with comorbid hypertension or diabetes, and to identify the optimal BMI threshold that best supports motor function
recovery.

Methods This study included patients aged 65 years and older who have underwent hip fracture surgery. Harris Hip Score
(HHS) was utilized to evaluate the functional recovery, the relationship between BMI and HHS was examined using both
linear and generalized additive model (GAM). A threshold model was established with BMI of 24 kg/m? and the difference
between the threshold model and the GAM was compared utilizing the likelihood ratio test (LRT).

Results A total of 213 patients were enrolled in the study. A nonlinear relationship was identified between BMI and HHS in
patients with either hypertension or diabetes and the HHS demonstrated a significant downward trend with increasing BMI.
The LRT revealed no significant difference between the threshold effect model with a BMI value of 24 kg/m? and the GAM.
Conclusions This study reveals that the protective effect of high BMI on postoperative motor function in hip fracture patients
is significantly modulated by comorbidities. We recommend modulating the BMI to approximately 24 kg/m? for elderly
patients with hip fractures and comorbid conditions such as hypertension and diabetes.
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Introduction affecting global health. In 2019, over 1.2 billion people

worldwide were affected by high blood pressure, and

In recent years, with global population aging and life-
style changes, the incidence of hypertension and diabetes
has risen significantly, becoming major chronic diseases
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463 million were diagnosed with diabetes [1]. Numerous
studies have demonstrated the associations between obesity
and the development and poor prognosis of cardiovascular
diseases, hypertension, and non-insulin-dependent diabetes
[2]. The costs of preventing and treating these diseases are
increasing significantly, contributing to the growing con-
cern of obesity as a global public health issue [3]. Excess
weight is responsible for approximately 14% of male deaths
and 20% of female deaths [4, 5].

However, in certain diseases, overweight and obesity have
been observed as a prognostic protective factor, commonly
referred to as the “obesity paradox”. In 1999, Fleischmann
discovered that overweight hemodialysis patients had sig-
nificantly greater one-year survival rates than patients with
normal weight [6]. Furthermore, in 2002, Gruberg et al.
reported that obese patients with coronary artery disease had
lower mortality and complication rates than normal-weight

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40520-025-03010-x&domain=pdf&date_stamp=2025-4-1

109 Page 2 of 9

Aging Clinical and Experimental Research (2025) 37:109

patients with the same condition. This groundbreaking
study introduced the concept of the “obesity paradox” [7],
highlighting that individuals with a higher body mass index
(BMI) tend to experience a better prognosis.

Hip fracture is considered “the last fracture of the
elderly”. Its incidence increases with age, and it is among
the top ten causes of disability. The number of hip fractures
worldwide is expected to increase from 1.26 million in 1990
to 4.5 million in 2050 [8]. Most patients who suffer from hip
fracture require the use of a walker for a year afterward [9],
as well as prolonged hospitalization and rehabilitation, thus
heavily burdening healthcare [8]. Given its severe implica-
tions, hip fracture is recognized as a critical type of osteo-
porotic fracture [8, 10]. A particular Swedish cohort study
involving 17,756 hip fracture patients revealed a 30-35%
lower one-year mortality rate among overweight individu-
als compared to their normal-weight counterparts, indicat-
ing the existence of the “obesity paradox” in hip fracture
patients [11]. The underlying mechanisms of this paradox
remain elusive, though they may be associated with the pro-
tective effects of higher bone mineral density (BMD) found
in overweight individuals [12] or the potential of their adi-
pose tissue to act as a metabolic reserve, warding off rapid
muscle deterioration [13]. Furthermore, research conducted
by Karin et al. indicated that the “obesity paradox” is more
evident in patients older than 65 years, suggesting that
weight loss recommendations for overweight patients to
improve clinical outcomes might not be universally applica-
ble. Hence, the advisability of weight loss for overweight or
obese hip fracture patients to improved prognosis post-hip
fracture requires careful consideration, particularly among
the elderly patients [11, 14].

With advancing age, both bone fragility and the pro-
pensity for falls increase, disproportionately affecting the
elderly. Beside, the incidence of obesity associated diseases,
such as hypertension, diabetes, coronary artery disease,
atrial fibrillation, and heart failure, is also related to age
[15]. These comorbidities are commonly observed in elderly
hip fracture patients contributing to a higher mortality rate
[16, 17]. Obese individuals have a 3.5 times higher risk of
developing hypertension, of which 60% can be ascribed to
increased fat stores [18]. Hypertension, in turn, serves as
an independent risk factor for readmission in elderly hip
fracture patients [18]. Obesity plays a significant role in the
development of diabetes and contributes to its exponential
increase [19]. Diabetic patients face a greater risk of fragil-
ity fractures, particularly hip fractures, compared to nondia-
betic patients [20]. Moreover, diabetic patients experience a
substantially higher absolute risk of mortality after fracture
[21], while their postoperative recovery of motor function is
also affected [22, 23].
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Weight management plays a crucial role in decreasing the
occurrence of obesity-related comorbidities. However, the
“obesity paradox” phenomenon suggests that a higher BMI
might offer protection for individuals with hip fractures and
chronic diseases. Thus, in view of this contradictory phe-
nomenon, we propose a scientific hypothesis that the obe-
sity paradox is not simply applicable in elderly hip fracture
patients with obesity associated diseases. There is a cut
point in BMI, and this optimal BMI value can promote the
best recovery of postoperative motor function after hip frac-
tures surgery. This study aimed to retrospectively analyze
the influence of BMI on motor function recovery one year
after surgery in this specific demographic. By exploring the
correlation between BMI and postoperative motor function
improvement, our findings will contribute to weight man-
agement strategies for older patients with obesity-related
comorbidities who suffer hip fractures surgery.

Materials and methods
Study population

This study conducted a retrospective analysis of patients
who underwent hip fracture surgery between January 2021
and June 2022. Eligible patients were all aged 65 years
or older and underwent surgical procedures such as hip
replacement and fixation. We excluded individuals with
fractures due to pathological causes such as malignant
tumors, ischemic necrosis, those with a history of hip joint
surgery, and cases of high-energy trauma, as well as patients
with incomplete data. Participants were categorized into
four groups based on their medical history: hypertension,
diabetes, non-hypertension and non-diabetes. Hypertension
was defined as self-reported hypertension under treatment
and/or a clinical blood pressure reading with systolic pres-
sure>140mmHg and/or diastolic pressure>90mmHg. Dia-
betes was identified based on self-reported diabetes under
treatment with hypoglycemic drugs or insulin, or if the
patient’s fasting blood glucose level at admission was >7.0
mmol/L or the 2-hour post-glucose tolerance test (OGTT)
blood glucose level was >11.1 mmol/L. The hospital’s insti-
tutional review committee granted approval for this study.
In clinical settings and epidemiological research, body
mass index (BMI) is commonly used to classify overweight
or obesity [24]. The World Health Organization defines a
BMI>25 kg/m? as overweight and a BMI>30 kg/m? as
obese. For the Chinese population, we often further catego-
rize body mass index as underweight (BMI<18.4 kg/m?),
normal weight (18.5 kg/m?<BMI<23.9 kg/m?), overweight
(24.0 kg/m?<BMI<27.9 kg/m?) and obese (BMI>28.0 kg/
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m?) [25]. The study was approved by the hospital’s Medical
Ethics Committee (JD-HG-2023-07).

Data collection

For each patient, we meticulously reviewed their medical
history and compiled demographic and clinical-pathologi-
cal data, such as gender, age, type of fracture, and surgical
method employed. Patient height and weight were measured
following standard procedures, and their body mass index
(BMI) was calculated using the formula: weight (kg) / height
squared (m [2]). To evaluate mor functional recovery one
year after surgery, we utilized the Harris Hip Score (HHS).
The HHS is a comprehensive assessment tool for hip joint
function, with a maximum score of 100. It encompasses
various subscales, with higher weights assigned to activities
of daily living and gait (47 points), and pain (44 points),
and lower weights to absence of deformity (4 points) and
range of motion (5 points). This scoring system has been
previously validated for assessing patient outcomes follow-
ing hip surgery [26].

Statistical analysis

Statistical analyses in this study were performed using R
software (version 4.0.2). We presented quantitative variables
as means+standard deviations, and categorical variables as
counts and percentages. Analysis of variance (ANOVA)
was applied to determine significant differences in anthro-
pometric and clinical indicators across the various groups
(hypertension, non-hypertension, diabetes, and non-diabe-
tes). Adjusting for factors such as gender, age, fracture type,

Table 1 Clinical characteristics of hip fracture patients

and surgical method, we utilized both a linear model and
a generalized additive model (GAM) with a plate regres-
sion spline (from the mgev 1.8—41 package) to elucidate the
relationship between BMI and HHS. A threshold model was
used for further testing, and a likelihood ratio test was used
to compare the threshold model and its differences with the
GAM model. P<0.05 was considered to indicate statistical
significance.

Results
Clinicopathological characteristics

Within the primary cohort of 266 patients, after excluding
those who were lost to follow-up, deceased, or had incom-
plete data, a total of 213 patients met the inclusion criteria
and were enrolled in the study. This group comprised 69
males (32.4%) and 144 females (67.6%). In terms of BMI
categories, there were 27 underweight patients (12.7%), 114
with normal weight (53.5%), 48 classified as overweight
(22.5%), and 24 as obese (11.3%). The cohort included 124
patients diagnosed with hypertension (58.2%) and 70 with
diabetes (30.3%) (Table 1).

Linear and Non-Linear Relationship Between BMI
and HHS

Following adjustments for gender, age, surgical method,
and fracture type, we performed a linear trend analysis to
investigate the relationship between BMI and HHS. As
indicated in Table 2, the effect value of BMI in patients

Variable Under Weight Normal Over Weight Obesity p

n 27 114 48 24

Age 81.07 (8.85) 77.62 (7.76) 76.31 (6.04) 73.38 (7.26) 0.003
Gender

Female 22 (81.5) 74 (64.9) 32 (66.7) 16 (66.7) 0.427
Male 5(18.5) 40 (35.1) 16 (33.3) 8(33.3)

Fracture type

FNF 19 (70.4) 71 (62.3) 29 (60.4) 10 (41.7) 0.186
ITF 8(29.6) 43 (37.7) 19 (39.6) 14 (58.3)

Surgery type

Replacement 17 (63.0) 68 (59.6) 30 (62.5) 11 (45.8) 0.540
Fixation 10 (37.0) 46 (40.4) 18 (37.5) 13 (54.2)

Hypertension

No 18 (66.7) 45 (39.5) 15(31.2) 11 (45.8) 0.024
Yes 9(33.3) 69 (60.5) 33 (68.8) 13 (54.2)

Diabetes

No 20 (74.1) 75 (65.8) 32 (66.7) 16 (66.7) 0.876
Yes 7(25.9) 39 (34.2) 16 (33.3) 8(33.3)

HHS 69.07 (6.01) 79.05 (8.41) 81.58 (5.96) 81.00 (8.98) <0.001

Abbreviations: BMI, body mass index; ITF, Intertrochanteric fracture; FNF, femoral neck fracture
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Table 2 The linear regression model to evaluate relationship between BMI and HHS

Model Effect [95% CI] Pfor trend
Overall
Under Weight (<18.5) -9.618 [-12.775, -6.46] <0.001
Normal(18.5-24) Ref
Over Weight(24-28) 2.203 [-0.254, 4.659]
Obesity(>28) 0.605 [-2.661, 3.87]
Hypertensive
Under Weight (<18.5) -8.488 [-14.145, -2.832] 0.298
Normal(18.5-24) Ref
Over Weight(24-28) 1.042 [-2.272, 4.356]
Obesity(>28) -2.098 [-6.845, 2.649]
Non-Hypertensive
Under Weight (<18.5) -10.325 [-13.855, -6.794] <0.001
Normal(18.5-24) Ref
Over Weight(24-28) 4.35910.709, 8.01]
Obesity(>28) 4.209 [-0.249, 8.667]
Diabetes
Under Weight (<18.5) -4.823 [-11.033, 1.387] 0.614
Normal(18.5-24) Ref
Over Weight(24-28) 1.247 [-3.057, 5.551]
Obesity(>28) -2.12 [-7.756, 3.516]
Non-Diabetes
Under Weight (<18.5) -11.346 [-15.015, -7.676] <0.001

Normal(18.5-24)
Over Weight(24-28)
Obesity(>28)

Ref
2.641 [-0.345, 5.628]
1.533 [-2.444, 5.51]

= Hypertensive === No hypertensive = Pooled
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Fig. 1 The non-linear relationship between BMI and HHS in hypertension(a) and diabetes(b)

Abbreviations: BMI, body mass index; HHS, Harris Hip Score

30

with hypertension and diabetes showed an initial increase  that BMI indeed exhibited a non-linear relationship with
followed by a decrease. This pattern does not represent a ~ HHS (Fig. 1). Notably, in patients with either hypertension
significant linear trend, suggesting the possibility of a non-  or diabetes, the HHS demonstrated a significant downward
linear effect. trend at higher BMI levels

To assess the potential non-linear relationship between
BMI and HHS, we employed a generalized additive model
(GAM). The analysis revealed, through a smooth curve
(adjusted for gender, age, fracture type, and surgery type),
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Analysis of the threshold effect model

Establishing a threshold effect model with a BMI value of
24 kg/m?, the likelihood ratio test (LRT) revealed no sig-
nificant difference between the threshold effect model and
the generalized additive model (GAM), indicating that the
threshold effect model is a viable alternative to the smooth
curve generated by the GAM (Table 3). This finding sug-
gested that BMI exerts a significant threshold effect on the
Harris Hip Score (HHS) across the entire study popula-
tion. Specifically, BMI has a positive impact on HHS up
to the point of overweight status, beyond which the effect

Table 3 The threshold model of BMI on Harris

turns negative. However, for healthy individuals (those
without underlying conditions), this negative effect is not
pronounced, even at an overweight BMI. In contrast, indi-
viduals with underlying diseases exhibit a reversal effect
after reaching an overweight BMI, highlighting that while
healthy individuals experience a saturation effect at higher
BMI levels, those with underlying diseases encounter an
adverse effect (Fig. 2).

Model

Slope [95% CI]

Overall
Ordinary model

Threshold model

Hypertensive
Ordinary model

Threshold model

No Hypertensive
Model without Threshold

Threshold model

Diabetes
Model without Threshold

Threshold model

No Diabetes
Model without Threshold

Threshold model

BMI

BMI (<threshold)
BMI (> threshold)
P for threshold
Pvalue in LRT

BMI

BMI (<threshold)
BMI (> threshold)
Pfor threshold
Pvalue in LRT

BMI

BMI (<threshold)
BMI (>threshold)
P for threshold
Pvalue in LRT

BMI

BMI (<threshold)
BMI (> threshold)
Pfor threshold
Pvalue in LRT

BMI

BMI (<threshold)
BMI (> threshold)
P for threshold
Pvalue in LRT

0.796 [0.517, 1.075]

2.009 [1.566, 2.451]
-0.861 [-1.421,-0.301]
<0.001

0.9921

0.392 [-0.009, 0.794]

1.750 [1.069, 2.431]
1315 [-2.132,-0.497]
<0.001
0.9993

1.357[1.003, 1.711]

2.369 [1.862, 2.876]
-0.291 [-1.024, 0.441]
<0.001

0.9993

0.345[-0.146, 0.837]

1.860 [1.063, 2.658]
-1.433 [-2.348, -0.518]
<0.001
0.9997

0.9571 [0.624, 1.290]

2.048 [1.523, 2.573]
-0.648 [-1.351, 0.056]
<0.001

0.9403

Abbreviations: BMI, body mass index
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Discussion

This study revealed that the protective effect of high BMI
on postoperative motor function in hip fracture patients
is significantly modulated by comorbidities, challenging
the universal applicability of the “obesity paradox” in this
demographic. Hypertension and diabetes, prevalent com-
plications in elderly hip fracture patients, considerably
influence prognosis [27, 28]. We investigated the impact
of varying BMI levels on functional recovery in hip frac-
ture patients, with and without hypertension and diabetes,
one year post surgery. A novel nonlinear GAM analysis
was employed for statistical evaluation. After controlling
for gender, age, fracture type, surgical method, and other
confounding factors, our findings suggest that the “obesity
paradox” holds true for hip fracture patients without compli-
cations like hypertension or diabetes. Consistent with prior
research [29], higher BMI values correlate with improved
post-surgical motor function in these patients. Conversely,
in patients with hypertension and diabetes, a nonlinear rela-
tionship between BMI and the Harris Hip Score (HHS) was
observed. Particularly, excessively high BMI levels led to a
marked decline in HHS. The likelihood ratio test (LRT) con-
firmed that the threshold effect model, established at a BMI
of 24 kg/m?, aligns closely with the GAM results. These
findings indicate a negative correlation between BMI and
HHS in hip fracture patients with comorbidities, suggest-
ing that higher BMI adversely affects functional recovery.
Therefore, for elderly hip fracture patients with hyperten-
sion and diabetes, maintaining a BMI close to 24 kg/m? is
advisable for optimal post-discharge functional recovery.
The beneficial aspects of overweight or obesity in the
context of normal aging remain ambiguous, and the under-
lying mechanisms of the “obesity paradox” are not fully
understood. Research indicates that following a hip frac-
ture, patients may experience stress reactions leading to
metabolic disorders and prolonged metabolic breakdown
[30]. In such scenarios, a higher BMI may act as a metabolic
reserve, helping to prevent acute muscle loss and weakness,
thereby facilitating the recovery of motor function [13]. A
2017 review highlighted that most evidence supports a cor-
relation between higher BMI and increased bone mineral
density, characterized by lower bone turnover and greater
bone strength [31]. This relationship might explain the
“obesity paradox” observed in patients with hip fractures.
For patients with hypertension and diabetes, the expla-
nations underpinning the “obesity paradox” may not apply
entirely. The link between obesity and hypertension is
well-established. Fahad’s study notes that hypertensive
patients generally have a higher BMI than patients without
hypertension. Moreover, the risk of developing hyperten-
sion escalates with increasing BMI, particularly beyond a

BMI of 23 kg/m? [32]. Seravalle’s research suggests that
the mechanisms of obesity and obesity-related hypertension
are complex and sometimes interdependent. The main role,
other than genetic and environmental factors, is due to the
sympathetic nervous system, to renal and adrenal function,
to the endothelium, to the adipokines, and to the insulin
resistance [18]. Obese individuals with hypertension are at
an increased risk of additional complications detrimental to
prognosis, such as cardiovascular disease, hyperuricemia,
kidney injury, left ventricular hypertrophy, reduced cardiac
function, and cognitive impairment [33, 34]. This increased
disease burden may contribute to poorer functional recov-
ery in hip fracture patients with hypertension at higher
BMI levels. Fantin’s study indicates that weight loss can
positively affect blood pressure control [35]. Stable blood
pressure is even predictive of fracture rates one year after
surgery, underscoring the importance of managing both
blood pressure and BMI for better prognostic outcomes in
these patients [28].

Numerous studies have established that obesity is a
significant risk factor for diabetes, with a notably higher
prevalence of diabetes among obese individuals compared
to their non-obese counterparts. Diabetic patients typically
have higher BMI values [23, 36]. The interrelation between
obesity and diabetes is substantial. Diabetic patients face
an increased risk of hip fractures, with factors like hyper-
calciuria, impaired renal function, insulin deficiency, and
microvascular complications accelerating bone loss. This
can adversely affect motor function recovery post-fracture
and lead to elevated mortality rates [22, 37]. Although dia-
betic patients often have higher bone mineral density than
non-diabetics, their bones are more prone to fragility. The
mechanisms underlying skeletal fragility in diabetes are
not completely understood, but are multifactorial and likely
include effects of obesity, hyperglycaemia, oxidative stress,
and accumulation of advanced glycation end products, lead-
ing to altered bone metabolism, structure, and strength [38].
These may be the reasons why the motor functional recov-
ery of diabetes patients with high BMI is not ideal.

It’s crucial to focus on the elderly population, particu-
larly in the context of hip fractures. While BMI is a widely
used anthropometric tool for assessing the nutritional status
of the elderly and sometimes for managing malnutrition, a
high BMI should not be automatically equated with good
nutrition. Specifically, for hip fracture patients with hyper-
tension and diabetes, the “obesity paradox™ does not hold
true. Traditional BMI assessments have their limitations in
this regard. For healthy hip fracture patients, appropriate
nutritional supplementation to increase BMI values may be
beneficial. Nutritional therapy has been shown to enhance
postoperative albumin and total protein levels, shorten bed
rest duration, expedite recovery, reduce complications, and
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improve quality of life in elderly patients with hip frac-
tures. However, for those with hypertension and diabetes,
it’s advisable to maintain a BMI close to 24 kg/m’— neither
too low nor too high. In obese or overweight individuals,
nutritional interventions can effectively optimize body com-
position and BMI [39]. Nonetheless, further research with
larger populations and more extensive data is necessary for
validation. The BMI target values identified in this study
can inform more precise, personalized nutritional treatment
plans for elderly hip fracture patients with obesity-related
comorbidities, significantly impacting their quality of life,
motor function, disability reduction, and mortality.

This study has several limitations. First, the sample size
was relatively small, which may introduce bias into the
results and limit the generalizability of the findings. Second,
while BMI is used as a proxy for obesity, it does not account
for body composition. Future research will integrate of pre-
cise metrics, including waist circumference and waist-to-
hip ratio, to investigate in greater depth the complications
associated with BMI that impact the prognosis of patients
with hip fractures. Third, due to incomplete data availability
regarding the duration of treatment, types of medications,
and dosage regimens for all patients, these variables were
not included in the current analysis.

Conclusion

In our study of patients older than 65 years with hip frac-
tures, we found that the “obesity paradox” can’t apply to
those concomitant hypertension and diabetes patients. A
non-linear relationship was observed between BMI values
and the Harris Hip Scores one year after surgery. Specifi-
cally, for individuals with a BMI of 24 kg/m® or higher,
there was a negative correlation with HHS. For hip fracture
patients over 65 years of age, we recommend enhancing
nutritional support, such as increasing the intake of high-
quality protein and appropriately using oral nutritional sup-
plements (ONS) [40], to promote weight gain, which can
aid in motor function recovery. However, for patients with
comorbid hypertension and diabetes mellitus, we advise
maintaining a BMI below 24 kg/m? for optimal outcomes.
However, to validate and expand upon these findings, fur-
ther multicenter, prospective, and randomized controlled
studies are necessary.

Author contributions GZN and WWC collected and analyzed the data
and drafted the manuscript. PJ and LLB made the study design and
revised the manuscript. LB was involved in statistical analysis. MYT,
SC, XW and GJ provided revisions to the manuscript. All the authors
contributed to the manuscript revision submitted version. All the au-
thors read and approved the final manuscript.

Funding This research was funded by Suzhou Key Disciplines (No.

@ Springer

SZXK202104); Open Project of the State Key Laboratory of Radiation
Medicine and Radiation Protection Jointly Constructed by the Minis-
try and the Province (GZK1202215); Suzhou Health Talents Program
(2020092).

Data availability No datasets were generated or analysed during the
current study. Data sharing is not applicable.

Declarations

Ethics approval and consent to participate The study was conducted
according to the guidelines of the Declaration of Helsinki and ap-
proved by the Medical Ethics Committee of The Second Affiliated
Hospital of Soochow University JD-HG-2023-07 on 20 January 2023.

Competing interests The authors have no conflicts of interest in this
work.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Global burden (2020) Of 87 risk factors in 204 countries and ter-
ritories, 1990-2019: a systematic analysis for the global burden
of disease study 2019. Lancet 396(10258):1223-1249

2. Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis
AH (2009) The incidence of co-morbidities related to obesity and
overweight: a systematic review and meta-analysis. BMC Public
Health 9:88

3. Caballero B (2019) Humans against obesity: who will win?? Adv
Nutr 10(1):S4-s9

4. Whitlock G, Lewington S, Sherliker P et al (2009) Body-mass
index and cause-specific mortality in 900 000 adults: collaborative
analyses of 57 prospective studies. Lancet 373(9669):1083—-1096

5. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ (2003)
Overweight, obesity, and mortality from cancer in a prospectively
studied cohort of U.S. Adults. N Engl J Med 348(17):1625-1638

6.  Fleischmann E, Teal N, Dudley J, May W, Bower JD, Salahudeen
AK (1999) Influence of excess weight on mortality and hospital
stay in 1346 Hemodialysis patients. Kidney Int 55(4):1560-1567

7. Gruberg L, Weissman NJ, Waksman R et al (2002) The impact
of obesity on the short-term and long-term outcomes after per-
cutaneous coronary intervention: the obesity paradox? J Am Coll
Cardiol 39(4):578-584

8. Veronese N, Maggi S (2018) Epidemiology and social costs of
hip fracture. Injury 49(8):1458-1460

9. Simunovic N, Devereaux PJ, Sprague S et al (2010) Effect of
early surgery after hip fracture on mortality and complications:
systematic review and meta-analysis. CMAJ 182(15):1609-1616


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Aging Clinical and Experimental Research

(2025) 37:109

Page9of9 109

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Barcel6 M, Torres OH, Mascar6 J, Casademont J (2021) Hip frac-
ture and mortality: study of specific causes of death and risk fac-
tors. Arch Osteoporos 16(1):15

Modig K, Erdefelt A, Mellner C, Cederholm T, Talbdck M, Hed-
strom M (2019) Obesity paradox holds true for patients with hip
fracture: A Registry-Based cohort study. J Bone Joint Surg Am
101(10):888-895

Fassio A, Idolazzi L, Rossini M et al (2018) The obesity paradox
and osteoporosis. Eat Weight Disord 23(3):293-302
Kalantar-Zadeh K, Horwich TB, Oreopoulos A et al (2007) Risk
factor paradox in wasting diseases. Curr Opin Clin Nutr Metab
Care 10(4):433-442

LiJ, Li D, Wang X, Zhang L (2022) The impact of body mass
index on mortality rates of hip fracture patients: a systematic
review and meta-analysis. Osteoporos Int 33(9):1859-1869

Liu N, Birstler J, Venkatesh M, Hanrahan L, Chen G, Funk L
(2021) Obesity and BMI cut points for associated comorbidities:
electronic health record study. J Med Internet Res 23(8):¢24017
Alexiou KI, Roushias A, Varitimidis SE, Malizos KN (2018)
Quality of life and psychological consequences in elderly patients
after a hip fracture: a review. Clin Interv Aging 13:143-150

Xu BY, Yan S, Low LL, Vasanwala FF, Low SG (2019) Predic-
tors of poor functional outcomes and mortality in patients with
hip fracture: a systematic review. BMC Musculoskelet Disord
20(1):568

Seravalle G, Grassi G (2017) Obesity and hypertension. Pharma-
col Res 122:1-7

Ruze R, Liu T, Zou X et al (2023) Obesity and type 2 diabetes
mellitus: connections in epidemiology, pathogenesis, and treat-
ments. Front Endocrinol (Lausanne) 14:1161521

Vianna AGD, Sanches CP, Barreto FC (2017) Review Article:
effects of type 2 diabetes therapies on bone metabolism. Diabetol
Metab Syndr 9:75

Ben-Joseph R, Luboshitz B, Heffez Ayzenfeld R, Twito O (2021)
Post-hip fracture rehabilitation outcomes of diabetic and non-
diabetic elderly patients. Ann Med 53(1):2298-2304

Yoon SH, Kim BR, Lee SY, Beom J, Choi JH, Lim JY (2021)
Influence of comorbidities on functional outcomes in patients
with surgically treated fragility hip fractures: a retrospective
cohort study. BMC Geriatr 21(1):283

de Tejada-Romero MJG, Saavedra-Santana P, de la Rosa-Fernan-
dez F et al (2022) Effect of obesity on fragility fractures, BMD
and vitamin D levels in postmenopausal women. Influence of
type 2 diabetes mellitus. Acta Diabetol 59(9):1201-1208
Eknoyan G (2008) Adolphe Quetelet (1796—1874)--the average
man and indices of obesity. Nephrol Dial Transpl 23(1):47-51
Haam JH, Kim BT, Kim EM et al (2023) Diagnosis of obesity:
2022 update of clinical practice guidelines for obesity by the
Korean society for the study of obesity. J] Obes Metab Syndr
32(2):121-129

Phruetthiphat OA, Pinijprapa P, Satravaha Y, Kitcharanant N,
Pongchaiyakul C (2022) An innovative scoring system for

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

predicting an excellent Harris hip score after proximal femoral
nail anti-rotation in elderly patients with intertrochanteric frac-
ture. Sci Rep 12(1):19939

Harstedt M, Rogmark C, Sutton R, Melander O, Fedorowski A
(2015) Impact of comorbidity on 6-month hospital readmission
and mortality after hip fracture surgery. Injury 46(4):713-718

Li TC, Li CI, Liu CS et al (2019) Visit-to-visit blood pressure
variability and hip fracture risk in older persons. Osteoporos Int
30(4):763-770

Reider L, Hawkes W, Hebel JR et al (2013) The association
between body mass index, weight loss and physical function in
the year following a hip fracture. J Nutr Health Aging 17(1):91-95
Hedstrom M, Ljungqvist O, Cederholm T (2006) Metabolism
and catabolism in hip fracture patients: nutritional and anabolic
intervention—a review. Acta Orthop 77(5):741-747

Walsh JS, Vilaca T, Obesity (2017) Type 2 diabetes and bone in
adults. Calcif Tissue Int 100(5):528-535

Javed F, Aziz EF, Sabharwal MS et al (2011) Association of BMI
and cardiovascular risk stratification in the elderly African-Amer-
ican females. Obes (Silver Spring) 19(6):1182-1186

Herfindal B, Gerdts E, Kringeland EA, Saeed S, Midtbe H,
Halland H (2020) Concomitant hypertension is associated with
abnormal left ventricular geometry and lower systolic myocardial
function in overweight participants: the FAT associated cardio-
vascular dysfunction study. J Hypertens 38(6):1158—1164

Wolf PA, Beiser A, Elias MF, Au R, Vasan RS, Seshadri S (2007)
Relation of obesity to cognitive function: importance of central
obesity and synergistic influence of concomitant hypertension.
The Framingham heart study. Curr Alzheimer Res 4(2):111-116
Fantin F, Giani A, Zoico E, Rossi AP, Mazzali G, Zamboni M
(2019) Weight Loss and Hypertension in Obese Subjects. Nutri-
ents. 11(7)

Ottosson F, Smith E, Ericson U et al (2022) Metabolome-Defined
obesity and the risk of future type 2 diabetes and mortality. Dia-
betes Care 45(5):1260-1267

Spaetgens B, Brouns SHA, Linkens A et al (2022) Associations
between presence of diabetes, mortality and fracture type in indi-
viduals with a hip fracture. Diabetes Res Clin Pract 192:110084
Shanbhogue VYV, Mitchell DM, Rosen CJ, Bouxsein ML (2016)
Type 2 diabetes and the skeleton: new insights into sweet bones.
Lancet Diabetes Endocrinol 4(2):159—-173

Batsis JA, Villareal DT (2018) Sarcopenic obesity in older adults:
aetiology, epidemiology and treatment strategies. Nat Rev Endo-
crinol 14(9):513-537

Volkert D, Beck AM, Cederholm T et al (2019) ESPEN guide-
line on clinical nutrition and hydration in geriatrics. Clin Nutr
38(1):10-47

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer



	﻿Does a high body mass index remain a protective factor in hip fracture patients with hypertension and diabetes?
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Clinicopathological characteristics
	﻿Linear and Non-Linear Relationship Between BMI and HHS
	﻿Analysis of the threshold effect model

	﻿Discussion
	﻿Conclusion
	﻿References


