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Abstract

Background: The obesity paradox, which suggests that high body weight is positively associated with survival in
some diseases, has not been proven in patients with hip fracture. In this study, meta-analysis of previous studies on
the impacts of body weight on postoperative mortality following hip fracture surgery in older adults was conducted.

Methods: PubMed, Embase, and Cochrane library were searched for studies investigating the correlation between
mortality after hip fracture surgery and body weight. The search main items included: (“Body mass index” OR "BMI" or
“body weight”) and (“hip fracture” or “hip fractures”). Studies contained data on short-term (< 30-day) and long-term
(=1 year) mortality after hip fracture and its association with distinct body weight or BMI groups were reported as
full-text articles were included in this meta-analysis.

Results: Eleven separate studies were included. The definitions of underweight and obesity differed among the
included studies, but the majority of the enrolled studies used the average body weight definition of a BMI of 18.5 to
24.9 kg/m?; underweight referred to a BMI of < 18.5 kg/m? and obesity pertained to a BMI of > 30 kg/m?. Based on the
generalized definitions of body-weight groups from the enrolled studies, the group with obesity had lower long-term
(odds ratio [OR]: 0.63, 95% Cl: 0.50-0.79, P<0.00001) and short-term (OR: 0.63, 95% Cl: 0.58-0.68, P < 0.00001) mortality
rates after hip fracture surgery when compared with patients with average-weight group. However, compared with
the average-weight group, the underweight group had higher long-term (OR: 1.51, 95% Cl: 1.15-1.98, P=0.003) and
short-term (OR: 1.49, 95% Cl: 1.29-1.72, P<0.00001) mortality rates after hip fracture surgery.

Conclusions: Current evidence demonstrates an inverse relation of body weight with long-term and short-term
mortality after hip fracture surgery in older adults.
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Background

Hip fractures, which are associated with high morbidity,
mortality, and high health-care costs, are a global chal-
lenge [1]. The reported in-hospital mortality rate for
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older patients receiving hip fracture surgery was esti-
mated to be approximately 2% [2], and the 1-year mortal-
ity rate following hip fracture surgery ranges from 14 to
18.1% [3]. In addition, one-third of the older population
is reportedly severely dependent at 1 year after hip frac-
ture surgery [4]. Moreover, the incidence of hip fracture
appears to be increasing especially in developing popu-
lations in Asia [5]. With the increasing number of hip
fractures as populations age [6], the considerable socio-
economic impact of hip fractures is expected to continue
to increase in the near future. Hence, adopting a stratified
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care approach that accounts for personalized risks to
reduce mortality after hip fracture in older patients is
indispensable.

Obesity is among the principal causes of morbidity and
mortality. Patients with clinical obesity are predisposed
to several diseases including diabetes mellitus, hyperten-
sion, stroke, and coronary artery disease [7]. Obesity is
also considered an independent predictor of survival and
complication rates following major surgical procedures
[8]. Evidence also indicates that obesity increases the
complexity of joint replacement surgery and is associated
with high risks of complications following arthroplasty
including periprosthetic infection, wound dehiscence,
and prosthesis dislocation in the general adult population
[9]. Low body weight may be another key predictor of
poor health outcomes following major surgery. A meta-
analysis revealed that following coronary artery bypass
grafting, patients with underweight had higher risk of
mortality than the general adult patients with overweight
[10]. A longitudinal follow-up study on hip joint replace-
ment also revealed that general older patients (over the
age of 65) with underweight (not with obesity) had signif-
icantly greater mortality risk than patients with average
body weight [11], which highlights the controversy over
the effect of body mass index (BMI) on mortality follow-
ing major orthopedic surgery.

Studies have reported a phenomenon called the obesity
paradox, which suggests that high body weight is posi-
tively associated with old age survival in the case of some
chronic diseases and following hip fracture surgery [12].
However, the association between BMI and survival after
hip fracture remains unclear in the literature. Because
of the lack of strong evidence on this topic, this is the
first meta-analysis of previous studies investigating the
impact of body weight on postoperative mortality follow-
ing hip fracture surgery.

Methods

Study design and search strategy

This meta-analysis was conducted in accordance with
the Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA) guidelines (Additional
file 1: Table S1) [13]. PubMed, Embase, and Cochrane
library databases were searched for articles reporting
on the association between body weight and mortality
after hip fracture that were published from September
1, 2011, through September 30, 2021. The search strat-
egy involved the following set of keywords: (“Body mass
index” OR “BMI” or “body weight”) and (“hip fracture” or
“hip fractures”). No language restrictions were imposed,
and the reference lists of the included studies were
screened. Titles and abstracts were screened to identify
relevant studies. Citations were retrieved as full text for
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more detailed evaluation of applicability and Endnote
was used as a tool to assist screening. Doctors who were
specialized in hip fracture surgery or in geriatric patient
care were invited to review the screening process to iden-
tify any additional studies.

Initially, citations were identified which included
patients with hip fracture and were evaluated with BMI
or morality. Two reviewers (YHC and YTI) were inde-
pendently incorporated to screen the initial search results
for potentially eligible studies. The reviewers resolved
disagreements by consensus, and if consensus was not
achieved, a third reviewer will be incorporated to make a
decision. All identified studies were then retrieved in full
text, as were any studies where the abstract was unavail-
able or where ambiguity existed. To be included, studies
were required to include patients that had hip fracture,
grouping based on BMI, include mortality as one of the
outcomes, and be published in English. There was a pub-
lication year limits of 2005. This study is registered on the
International Prospective Register of Systematic Reviews
(CRD42021261629).

Eligibility criteria

The criteria for study inclusion were as follows: the study
(i) contained data on patient mortality after hip fracture
and its association with body weight or BMI, (ii) reported
in full-text format, (iii) had follow-up times with reported
results on postoperative mortality, and (iv) were con-
ducted after the World Health Organization (WHO)’s
definition of obesity as BMI>30 kg/m? (2005 WHO Sur-
veillance of Risk Factors report).

The study exclusion criteria were as follows: the study
(i) had a population of size<100 (to prevent sampling
errors common in meta-analyses with small sample
sizes), (ii) involved patients with multiple fractures, (iii)
had no body weight or BMI data, (iv) had no mortality
data, (v) did not group result based on different category
of BMI, (vi) a meta-analysis, systematic review, or not
experimental study, and (vii) fully text not available.

Data extraction and management

Two review authors (Y.-H.C. and T.-1.Y.) independently
extracted data including study timeframe, publication
year, country, design, setting, number of patients, body-
weight groups, mean age, sex distribution, follow-up
duration, and mortality from the individual studies. The
extracted information was checked by a third author
(Y.-R.C)).

Data for body-weight groups were extracted for meta-
analysis based on the definitions of underweight, average
weight, and obesity in each enrolled study. However, con-
sidering the variations on the definitions for body-weight
groups among studies, we performed subgroup analysis



Yang et al. Journal of Orthopaedic Surgery and Research (2022) 17:249

from studies with uniformed definitions for body-weight
groups based on the World Health Organization (WHO)
classification: underweight (BMI<18.5 kg/m?), average
weight (BMI 18.5-24.9 kg/m?), and obesity (BMI > 30 kg/
m?).

The methodological quality of each study was also
assessed and scored independently by the 2 main review
authors in accordance with the Newcastle-Ottawa
Scale (NOS) [14]. In case of disagreement between the 2
review authors, the third author intervened to achieve a
resolution and make a final decision. The NOS was used
to assess each study on the basis of 8 items categorized
into 3 categories: (i) the selection of the study groups,
(ii) comparability of the groups, (iii) and how diet pat-
terns are ascertained (objectively or subjectively). Stars
are awarded for each quality item, and the highest-quality
studies are awarded 9 stars. A study is considered to be
of good quality if rated with 3 or 4 stars in the selection
domain, 1 or 2 stars in comparability domain, and 2 or 3
stars in the outcome or exposure domain.

Outcome measurements

The primary outcome of interest was the long-term
(>1-year) and short-term (<30-day) mortality rates in
the group with obesity versus average-weight group after
hip fracture. The secondary outcome of interest was the
long-term and short-term mortality rates in the under-
weight versus average-weight group. Hazard ratios for
each outcome were also calculated in this meta-analysis.

Statistical analysis and data synthesis
In this meta-analysis study, the extracted data were col-
lated using ReviewManager 5.3 [15].

The mortality rates of the average weight, underweight,
and group with obesity were calculated using the odds
ratios (ORs) and 95% Cls from each included study. Haz-
ard ratios were also collected. Statistical significance was
defined as P<0.05. Heterogeneity among the included
studies was determined using the Chi-squared, Cochrane
Q, and P? tests. A Cochrane Q result with P<0.1 and
I?>50% was considered representative of significant het-
erogeneity [16]. A random-effects model was selected on
the basis of the included studies’ heterogeneity. If 2 sepa-
rate populations were discussed in the same paper and no
overlap was present, 2 separate groups of data were con-
sidered. Possible publication biases were visually assessed
using a funnel plot that represented most included stud-
ies. Egger’s test was used to identify small-study effects;
P<0.05 suggested a small-study effect.

For a forest plot with>5 studies, publication bias was
assessed using a symmetric funnel plot.
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Result

Identification of included studies

Through database searches, 340 articles were retrieved
from the 3 databases (PubMed, Cochrane Library, and
Embase). A total of 11 articles include 13 separate study
datasets. (2 datasets were extracted from a 2016 study
by Pederson [17], and 2 datasets were extracted from
a 2020 study by Tahir [18].) Definitions of body-weight
groups differed among the included studies. Under-
weight group was defined by BMI of <18.5 kg/m? in
7 articles, BMI of <20 kg/m2 in 2 articles, and BMI
of <22 kg/m? in 2 articles. Obesity group was defined
by BMI of > 25 kg/m? in one article, BMI of >26 kg/
m? in one article, and BMI of > 30 kg/m2 in 9 arti-
cles. The excluded studies (and reasons for exclusion)
are detailed in Additional file 2: Table S2. The selec-
tion process is presented as a PRISMA flow diagram in
Fig. 1 [19].

Quality assessment of included studies

The results of NOS-based methodological analysis of
the included studies are presented in Additional file 3:
Table S3. Among the included studies, 3 were graded as
high quality (>7 points) and 4 were graded as moder-
ate quality (>4 and <7 points).

Study characteristics

The characteristics of the included studies are detailed
in Table 1. The 11 studies consisted of both prospective
and retrospective trials and enrolled a total of 56,380
patients. The average age of the population ranged
from 60 to 90 years. Female patients were predominant,
accounting for 69% of all the included participants. The
definitions of underweight, average body weight, and
obesity varied slightly among the studies. The major-
ity of the enrolled studies used the average body weight
definition of a BMI of 18.5 to 24.9 kg/m? underweight
referred to a BMI of < 18.5 kg/m? and obesity pertained
to a BMI of > 30 kg/m?.

Effect of obesity on mortality after hip fracture surgery

Four eligible studies were included in the meta-anal-
ysis of the long-term mortality risk after hip fracture
surgery. Figure 2a indicates an OR of 0.63 (95% CI:
0.50-0.79; P<0.00001) for the risk of long-term mor-
tality after hip fracture surgery in the group with obe-
sity compared with the average-weight group [12,
18, 20, 21]. Three studies were included in the meta-
analysis to reveal a higher pooled hazard ratio of 0.66
(95% CI: 0.59-0.73; P<0.01) for long-term mortality
in the group with obesity compared with the average-
weight group in Additional file 4: Fig. S1 [17, 21, 22].
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PRISMA 2020 flow diagram for new systematic reviews which included searches
of databases and registers only
Identification of studies via databases and registers
c Records identified from
) Pubmed (n= 106), Records removed before
E Embase(n=219), screening :
= and Cochrane(n=16): ——» Duplicate records removed
k= (n=91)
§ Databases (n =340 )
\ 4
Records screened Records excluded through
_ —| Title screening
(n = 249) (n=179)
A4
Reports sought for retrieval Reports not retrieved
—>
= (n=70) (n=4)
S
@
o
& A4
Reports assessed for eligibility Reports excluded:
(n =66 ) — > Not hip fracture (n =23 )
No mortality(n =15)
No BMI or body weight(n
=15)
No clear follow up time(n =2)
No complete data of the
result (n =3)
Yy No full text(n = 1)
5 Studies included in review
= (n=11)
° Reports of included studies
= (n=11)
Fig. 1 Flowchart of study selection

In addition, a subgroup analysis for 2 studies with uni-
formed definitions of obesity (BMI>30 kg/m?) and
average weight (BMI of 18.5-24.9 kg/m?) indicates an
OR of 0.69 (0.46, 1.05; P=0.08) (Fig. 2b) [21, 22].

Five studies were meta-analyzed for the risk of short-
term (< 30-day) mortality after hip fracture surgery [18,
23-26]. The OR was 0.63 (95% CI: 0.58—0.68; P<0.00001)
for short-term mortality in the group with obesity com-
pared with the average-weight group (Fig. 3a). Subgroup

analysis including 3 studies with uniformed definitions
of obesity (BMI > 30 kg/m?) and average weight (BMI of
18.5-24.9 kg/m?) showed consistent OR result of 0.62
(95% CI; 0.57-0.68; P<0.00001) (Fig. 3b) [24—26].

Effect of underweight on mortality after hip fracture
surgery

Six studies were included for meta-analysis of the
long-term mortality after hip fracture surgery [12,
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a. Odds Ratio of obesity vs average-weight
obesity average-weight Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random. 95% CI Year M-H. Random. 95% CI
Prieto-Alhambra 2014 187 1315 308 1353  29.5% 0.56 [0.46, 0.69] 2014 =
Solbakken 2017 291 476 888 1372 28.5% 0.86 [0.69, 1.06] 2017 =
Modig 2019 222 1503 1253 5494 32.4% 0.59 [0.50, 0.69] 2019 .
Tahir 2020 17 117 40 146 9.7% 0.45[0.24, 0.85] 2020
Total (95% CI) 3411 8365 100.0% 0.63 [0.50, 0.79] S 2
Total events 7 2489 ) ) ) )
Heterogeneity: Tau? = 0.04; Chi? = 11.03, df =3 (P = 0.01); I?=73% 0'2 0'5 1 é tl'a
Test for overall effect: Z = 4.00 (P < 0.0001) obesity average-weight
b.Odds Ratio of the subgroup
obesity average-weight Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random. 95% CI Year M-H. Random. 95% CI
Prieto-Alhambra 2014 187 1315 308 1353 50.4% 0.56 [0.46, 0.69] 2014 L
Solbakken 2017 291 476 888 1372 49.6% 0.86 [0.69, 1.06] 2017 L 2N
Total (95% ClI) 1791 2725 100.0% 0.69 [0.46, 1.05] -
Total events 478 1196 ) ) . )
Heterogeneity: Tau? = 0.08; Chi? = 7.91, df = 1 (P = 0.005); I* = 87% ! ! ’ :
Test f Il effect: Z=1.74 (P = 0.08 0.2 05 ! 2 S
est for overall effect: Z = 1.74 (P = 0.08) obesity average-weight
Fig. 2 Comparison of long-term mortality rate between the group with obesity and average-weight groups after hip fracture surgery. a Overall
analysis for odds ratio, b subgroup analysis using uniformed definitions of obesity (BMI > 30 kg/m?) and average weight (BMI of 18.5-24.9 kg/m?)

18, 21, 22, 27, 28]. Compared with the average-weight
group, the underweight group had a significantly
higher risk of long-term mortality (OR: 1.51, 95% CI:
1.15-1.98, P=0.003; Fig. 4a). The meta-analysis of
4 studies also revealed a higher pooled hazard ratio
(1.47, 95% CI: 1.33-1.62, P <0.01) for long-term mor-
tality in the underweight group than in average-weight
group after hip fracture in Additional file 4: Fig. S1 [12,
17, 22, 28]. Subgroup analysis including 3 studies with
uniformed definitions of underweight (BMI<18.5 kg/
m?) and average weight (BMI of 18.5-24.9 kg/m?)
showed an OR of 2.07 (95% CI: 1.43-2.99; P=0.0001)
(Fig. 4b) [21, 22, 28].

Five studies were meta-analyzed for the risk of
short-term (< 30-day) mortality after hip fracture sur-
gery [18, 23-26]. The OR for short-term mortality in
the underweight group was 1.49 (95% CI: 1.29-1.72,
P<0.00001) in comparison with the average-weight
group (Fig. 5a), which adds to the results on the higher
risk of long-term mortality following hip fracture sur-
gery. Subgroup analysis of 3 studies with uniformed
definitions of underweight (BMI<18.5 kg/m? and
average weight (BMI of 18.5-24.9 kg/m?) disclosed OR
of 1.49 (95% CI: 0.99-2.23, P=0.05) (Fig. 5b) [24-26].
A symmetric funnel plot for long-term mortality pro-
vides evidence of publication bias in the included stud-
ies (Fig. 6).

Discussion

In this meta-analysis study, based on the generalized
definitions of body-weight groups from enrolled studies,
individuals with obesity were discovered to have lower
risks of short-term and long-term mortality after hip
fracture surgery compared with patients with average-
weight group. By contrast, underweight was associated
with higher risks of short-term and long-term mortality
after hip fracture surgery when compared with average
weight. However, although with consistent trends on the
clinical relationship between body-weight groups and
postoperative mortality, subgroup analysis for studies
with restrict definitions of underweight (BMI<18.5 kg/
m?), average weight (BMI of 18.5-24.9 kg/m?), and obe-
sity (BMI> 30 kg/m?) only revealed the significant pro-
tective effect of obesity on the short-term mortality and
detrimental effect of underweight on the long-term mor-
tality after hip fracture surgery when compared with
average weight.

Hip fractures are associated with increased mortal-
ity in older adults [2]. Although hip fractures are not a
direct cause of death, comorbidities resulting from hip
fracture and subsequent immobility play a critical role
in the development of thrombosis-related complications
[29]. Coronary artery disease, cancer, and stroke are
reportedly the leading causes of death in patients with
hip fracture [30]. Obesity is a well-known independent
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a. Odds ratio of obesity vs average-weight
obesity average-weight Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Random, 95% Cl Year
Kirkland 2011 1 67 19 241 0.1% 0.18[0.02, 1.35] 2011
Akinleye 2018 74 1960 552 10734 10.1% 0.72[0.57,0.93] 2018
Tahir 2020 0 117 2 146 0.1% 0.25[0.01, 5.17] 2020
Miiller 2020 1 59 17 570 0.1% 0.56 [0.07, 4.29] 2020
Chaudhry 2021 708 16153 3421 49916 89.6% 0.62[0.57,0.68] 2021
Total (95% CI) 18356 61607 100.0% 0.63 [0.58, 0.68]
Total events 784 4011
Heterogeneity: Tau? = 0.00; Chi? = 3.16, df = 4 (P = 0.53); I = 0%
Test for overall effect: Z=11.50 (P < 0.00001)
b. Odds ratio of the subgroup
obesity average-weight Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI Year
Kirkland 2011 1 67 19 241 0.2% 0.18[0.02, 1.35] 2011
Miiller 2020 1 59 17 570 0.2% 0.56 [0.07, 4.29] 2020
Chaudhry 2021 708 16153 3421 49916  99.7% 0.62[0.57,0.68] 2021
Total (95% CI) 16279 50727 100.0% 0.62 [0.57, 0.68]
Total events 710 3457
Heterogeneity: Tau? = 0.00; Chi? = 1.49, df = 2 (P = 0.48); I = 0%
Test for overall effect: Z = 11.25 (P < 0.00001)
Fig. 3 Comparison of short-term mortality rate between the group with obesity and average-weight group after hip fracture surgery. a Overall
analysis for odds ratio, b subgroup analysis using uniformed definitions of obesity (BMI > 30 kg/m?) and average weight (BMI of 18.5-24.9 kg/m?)
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a. Odds ratio of underweight vs average-weight
underweight  average-weight Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random. 95% CI Year
Prieto-Alhambra 2014 26 79 308 1353 15.3% 1.66 [1.02, 2.71] 2014
Flodin 2016 58 364 61 341 18.5% 0.87 [0.59, 1.29] 2016
Solbakken 2017 59 76 888 1372 13.5% 1.89[1.09, 3.28] 2017
Modig 2019 1777 5986 1253 5494 29.5% 1.43[1.31, 1.55] 2019
Kimura 2019 26 158 17 295 11.1% 3.22[1.69, 6.14] 2019
Tahir 2020 25 73 40 146 12.1% 1.38[0.75, 2.53] 2020
Total (95% CI) 6736 9001 100.0% 1.51[1.15, 1.98]
Total events 1971 2567
Heterogeneity: Tau? = 0.06; Chi? = 13.56, df =5 (P = 0.02); I* = 63%
Test for overall effect: Z =2.99 (P = 0.003)
b. Odds ratio of the subgroup
underweight  average-weight Odds Ratio
tudy or Subgrou Events Total Events Total Weight M-H, Random, 95% CI Year
Prieto-Alhambra 2014 26 79 308 1353 40.2% 1.66 [1.02, 2.71] 2014
Solbakken 2017 59 76 888 1372 33.6% 1.89[1.09, 3.28] 2017
Kimura 2019 26 158 17 295 26.3% 3.22[1.69, 6.14] 2019
Total (95% ClI) 313 3020 100.0% 2.07 [1.43, 2.99]
Total events 111 1213
Heterogeneity: Tau? = 0.03; Chi? = 2.67, df = 2 (P = 0.26); I = 25%
Test for overall effect: Z = 3.85 (P = 0.0001)
Fig. 4 Comparison of long-term mortality rate between average-weight and underweight groups after hip fracture surgery. a Overall analysis for
odds ratio, b subgroup analysis using uniformed definitions of underweight (BMI < 18.5 kg/m?) and average weight (BMI of 18.5-24.9 kg/m?)
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a. Odds ratio of underweight vs average-weight
underweight  average-weight Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
Mdller 2020 2 80 17 570 0.9% 0.83[0.19, 3.68] - 1
Chaudhry 2021 856 9292 3421 49916 59.7% 1.38 [1.28, 1.49] |
Akinleye 2018 196 2414 5562 10734 36.3% 1.63 [1.38, 1.93] =
Tahir 2020 2 73 2 146 0.5% 2.03[0.28, 14.70]
Kirkland 2011 8 42 19 241 2.5% 2.75[1.12,6.77]
Total (95% ClI) 11901 61607 100.0% 1.49 [1.29, 1.72] *
Total events 1064 4011
Heterogeneity: Tau? = 0.01; Chi2 = 5.76, df = 4 (P = 0.22); 12 =31% 0‘05 0’2 ; 5 2’0
Test for overall effect: Z = 5.37 (P < 0.00001) ’ uﬁderweight average-weight

b. Odds ratio of the subgroup

underweight  average-weight

Chaudhry 2021 856 9292 3421 49916 77.3%
Kirkland 2011 8 42 19 241  16.0%
Mdller 2020 2 80 17 570 6.8%
Total (95% Cl) 9414 50727 100.0%
Total events 866 3457

Heterogeneity: Tau? = 0.05; Chi? = 2.68, df =2 (P = 0.26); I> = 25%
Test for overall effect: Z = 1.93 (P = 0.05)

Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% ClI

Fig. 5 Comparison of short-term mortality rate between average-weight and underweight groups after hip fracture surgery. a Overall analysis for
odds ratio, b subgroup analysis using uniformed definitions of underweight (BMI < 18.5 kg/m?) and average weight (BMI of 18.5-24.9 kg/m?)
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Fig. 6 Funnel plot of comparison: average-weight versus
underweight groups after hip fracture surgery, outcome: long-term
mortality

predictor of cardiovascular diseases even in the absence
of other risk factors in the general adulthood [31] and
must be inferred to be a predictor of adverse cardiovas-
cular events and associated mortality following hip frac-
ture surgery in older adults. However, other evidence
notably indicates that obesity can be a protective factor
that promotes survival after the onset of cardiovascular
diseases [32]. This phenomenon of inverse relation of

body weight with postoperative mortality has been called
the obesity paradox [12]. In a meta-analysis, Orepoulous
et al. reported lower all-cause mortality in the general
adults patients with overweight and obesity in the event
of heart failure [33]. In addition, the recent study has
reported that obesity is associated with superior survival
outcomes in specific diseases, including stroke [34]. Our
meta-analysis also demonstrates the obesity paradox in
patients with hip fracture, indicating the protective effect
of obesity for survival after hip fracture surgery.

The physiology underlying the obesity paradox is not
well understood. Some explanations describe the impact
of body weight on mortality after hip fracture surgery.
After a hip fracture, patients may suffer a series of stress
reactions promoted by the inflammatory response and
remain in a hypercatabolic status for up to 3 months
[35]. The large amount of adipose tissue in patients with
obesity can act as an energy reserve, resulting in more
favorable neuroendocrine profiles to meet the increased
postoperative metabolic demands. Therefore, patients
with obesity may have greater ability to tolerating stress
responses after hip fracture [36]. Adipose tissue benefits
from enrichment of tumor necrosis factor o receptors,
which can induce a less prothrombotic state and neu-
tralize substances associated with deleterious metabolic
effects [37]. In addition, patients with obesity have been
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observed to have lower levels of natriuretic peptide, a
key substance for lipolysis that affects the rate of peptide
degradation due to the adipose tissue-induced increase in
clearance receptors [38]. Reduced amounts of natriuretic
peptides in patients with obesity may also reinforce pro-
tection against endotoxin-related and cytokine-related
inflammation [37]. Although patients with hip fracture
have relatively low bone mineral density, which is report-
edly associated with higher mortality risk [12], high body
weight can counteract age-related bone loss. However,
the excess weight may weaken the protective effect and
become detrimental to bone health in patients with obe-
sity [39].

In this meta-analysis, underweight was notably associ-
ated with a higher rate of mortality after hip fracture sur-
gery than was average weight; this finding is consistent
with findings from several studies suggesting that older
patients with underweight have increased incidence of
postoperative complications and higher mortality rates
[40]. In older adults, being underweight is associated
with malnutrition and osteoporosis [41] and may also be
accompanied by sarcopenia [42]. Osteosarcopenia, which
is a new geriatric syndrome involving the coexistence
of osteoporosis and sarcopenia, is defined as the patho-
logical loss of bone density and skeletal muscle mass.
The combined effect of these two chronic musculoskel-
etal conditions is severe and may result in frailty in older
adults [43]. Older patients with hip fractures along with
frailty and malnutrition have poor response to stress,
functional recovery, and wound healing after hip fracture
surgery [44]. In addition, osteosarcopenia is regarded as a
negative predictor of functional outcomes and mortality
in older patients following hip fracture surgery [45]. One
study also revealed that compared with average weight,
underweight is typically associated with poorer immune
response and lower respiratory muscle and peripheral
skeletal muscle strength, which lead to elevated risk of
respiratory disease—associated mortality [46]. These
pathological changes in patients with underweight may
explain this meta-analysis’ finding of the detrimental
effect of underweight on mortality following hip fracture
surgery in older adults.

This systematic review study has several limitations.
First, the study focused on all-cause mortality (rather
than cause-specific mortality). Therefore, we could
not definitively explain the relationship between body
weight and specific causes of mortality following hip
fracture surgery. Second, body weight was only classi-
fied using BMI in this study. Although BMI is a com-
mon clinical measure for obesity, it cannot fully reflect
detailed information on body composition such as
muscle and skeletal mass, which may affect metabolic
reserves, recovery of function, and mortality outcomes.
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Moreover, the BMI data in the included studies were
only registered at baseline; weight change was not
monitored. Finally, the definitions of underweight and
obesity differed among the included studies, which
may have affected the reported postoperative mortal-
ity rates. Recent studies proposed the optimal geriat-
ric BMI defined as ranging from 23 to 29.9 kg/m? in
adults > 65 years of age [47, 48]. However, the major-
ity of the enrolled studies used the definitions based on
the WHO classification: underweight (BMI<18.5 kg/
m?), average weight (BMI 18.5-24.9 kg/m?), and obesity
(BMI > 30 kg/m?).

Thus, we further performed subgroup analysis that
grouped the patients based on the WHO classification in
order to eliminate the potential bias from the varied defi-
nitions for body-weight groups among enrolled studies.
However, despite these limitations, this is the first meta-
analysis to provide strong evidence regarding the impacts
of body weight on postoperative mortality following hip
fracture surgery and can serve as a valuable reference for
clinicians promoting a stratified care approach in which
the risk of mortality is reduced after hip fracture in older
patients with underweight in particular.

Conclusion

Current evidence demonstrates the inverse relation of
body weight with short-term and long-term mortality
following hip fracture surgery in older adults. Clinicians
must focus on minimizing the influence of underweight
status on postoperative mortality in this vulnerable popu-
lation. However, owing to the definitions of body-weight
groups differing among studies, further research with a
larger sample and restrict definitions of body-weight
groups is essential to verify the clinical relationship
between body-weight groups and postoperative mortality
in older patients with hip fracture.
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