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ABSTRACT

Background Trauma is a major cause of mortality

in the elderly population. Hyponatremia is the most
common electrolyte imbalance in geriatric patients and
has been demonstrated to be a risk factor for altered
cognition, low bone density, falls, and death. We
systematically and critically reviewed the literature to
ascertain the association between hyponatremia and
geriatric trauma outcomes.

Methods We searched seven databases for articles
published from inception to October 2023. Studies
included reported on geriatric trauma, hyponatremia,
and clinical outcomes. Two investigators independently
reviewed 6535 abstracts, 235 full-text articles, and
critically appraised each study. Study details, patient
characteristics, and outcomes were independently
extracted by two reviewers. Data quality assessment
was performed using the Grading of Recommendations
Assessment, Development, and Evaluation approach.
Publication bias was assessed using funnel plot-based
methods. A meta-analysis of risk ratios (RR) was
performed using the random effects method.

Results Four retrospective cohort studies involving
11894 geriatric patients were included. Among these,
492 (21.4%) were classified as trauma patients due to
a fall and 1806 (78.6%) were classified as a trauma
patient due to the presence of a fracture. In total, 2298
(19.3%) patients were classified as hyponatremic
(125-135mmol/L) while 9596 (80.7%) were classified
as normonatremic. The pooled RR for in-hospital
mortality for hyponatremic patients was 2.23 (95% Cl
1.51 to 3.74) with high heterogeneity across the studies
(1’=82.17%).

Conclusions Geriatric trauma patients presenting
with hyponatremia appear to have an increased risk of
in-hospital mortality. Given this association, national
trauma registries should consider collecting serum
sodium values for geriatric patients and providers should
work to address hyponatremia as a possible contribution
to falls. Given the paucity of published literature on this
topic, there is a need for prospective studies evaluating
the association between hyponatremia and geriatric
trauma outcomes.

Level of evidence Level lll, systematic review with
meta-analysis

INTRODUCTION

Trauma is the fifth leading cause of death in the
elderly population, and geriatric trauma accounts
for about 25% of trauma admissions nationally.!

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Hyponatremia is the most common electrolyte
deficiency in geriatric patients and has been
demonstrated to be a risk factor for altered
cognition, low bone density and osteoporosis,
falls and death.

= While we know that hyponatremic geriatric
patients are more likely to be admitted for falls
than normonatremic geriatric patients, the
risk of this electrolyte disturbance on clinical
outcomes in the geriatric trauma population is
not clear.

WHAT THIS STUDY ADDS

= This study systematically and critically reviews
the literature demonstrating that very few
high-quality studies have been published
on this important topic in a vulnerable
population. From the studies that have been
published, there is a clear association between
hyponatremia and worse outcomes in geriatric
trauma patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= Geriatric trauma providers should place
great importance on and work to address
hyponatremia as a possible contributing or
exacerbating factor in geriatric falls.

= Further research is necessary to develop
evidence-based guidelines for geriatric trauma
patients.

Falls are the most common cause of injury in the
elderly. In 2020, falls in the geriatric population
resulted in 3 million emergency department visits,
36000 deaths, and $50billion in healthcare costs.?
This is expected to increase, considering that the
US geriatric population is anticipated to double in
size over the next two decades.® The definition of a
geriatric trauma patient remains elusive as varying
age cut-offs of between 55 and 80 years have been
reported.*® Yet, these patients warrant special
consideration because of their significant differ-
ences from younger injured patients, including
medical comorbidities, prescription medications,
physiological differences, and diminished physio-
logic reserve.” 1 Geriatric patients admitted after
major trauma have a mortality rate almost four
times greater than their younger counterparts.'!
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In 2003, the Eastern Association for the Surgery of Trauma
published practice guidelines to underscore the need for stan-
dardized care for geriatric trauma patients.'? Since then, there
has been a paucity of prospective studies evaluating the prog-
nostic values of age, biochemical abnormalities, or injury
severity on outcomes after geriatric trauma. Fall prevention has
garnered attention with focuses mainly on physical therapy, poly-
pharmacy, nutrition, and comorbidities, including electrolyte
disturbances.? ¥ Hyponatremia is the most common electrolyte
imbalance in the elderly population, with a prevalence as high
as 50% in hospitalized patients.'* Symptoms of hyponatremia
include lethargy, dizziness, confusion, and ataxia.'® Hypona-
tremia is a risk factor for altered cognition, low bone density
and osteoporosis, falls, and death.!** Even in patients without
underlying osteoporosis, hyponatremia has been shown to be a
modifiable risk factor for falls and hip fractures.?’ ' Hypona-
tremic geriatric patients are also more likely to be admitted for
falls than non-hyponatremic patients.??2}

In addition to increasing fall risk for elderly individuals, hypo-
natremia has been associated with hospital length of stay (LOS),
need for inpatient rehabilitation, and 30-day mortality.*2¢ It
has been suggested that electrolyte disturbances such as hypo-
natremia can be an indicator of underlying illnesses and comor-
bidities that can adversely affect clinical outcomes.”” Most of
the published literature on this topic has been limited to single-
institution retrospective analyses and failed to explore the
downstream clinical effects of hyponatremia on geriatric trauma
patients. To more clearly define the risks of hyponatremia in the
geriatric trauma population, we sought to systematically review
the literature to ascertain if and how hyponatremia impacts clin-
ical outcomes.

METHODS

The Institutional Review Board deemed this study protocol
exempt as all data were publicly available. This systematic
review was not registered, but our protocol developed based on
the Preferred Reporting Items for Systematic Review and Meta-
Analyses Protocols (PRISMA-P) checklist is available in online
supplemental appendix 1. This review was conducted in accor-
dance with the PRISMA guidelines and our checklist is available
in online supplemental appendix 2.%

Search strategy

A medical librarian (LHY), with significant expertise in
conducting systematic reviews, developed a comprehensive
search strategy to find published articles reporting on falls,
trauma, and hyponatremia. The librarian created search strat-
egies using a combination of keywords and controlled vocab-
ulary in Embase.com 1947, Ovid Medline 1946, Scopus 1823,
Cochrane Central Register of Controlled Trials, The Cochrane
Database of Systematic Reviews, The Cumulated Index to
Nursing and Allied Health Literature Plus 1937, and Clinical-
trials.gov 1997. Fully reproducible search strategies are found in
online supplemental appendix 3. Studies were not restricted by
language or full text.

Study selection

Screening was completed using Covidence Systematic Review
Software (Veritas Health Innovation, Melbourne, Australia)
and adhered to the PRISMA guidelines. All citations obtained
from the literature search were imported into Covidence. First,
two reviewers (AN and ST) independently evaluated the titles
and abstracts of articles. Screened studies were then subjected

to full-text review for eligibility. The senior author (MWS)
adjudicated decisions regarding study inclusion or exclusion in
discrepant cases.

We included articles that focused on geriatric or elderly trauma
patients and reported on clinical outcomes such as mortality
and LOS. Given the limited amount of published literature on
the topic, fractures, falls, and fracture repairs were included as
surrogates for traumatic injury. For articles reporting on a surro-
gate for trauma, we searched for specific language within the
manuscript body to delineate that the study population included
traumatic, non-pathologic fractures. Randomized or non-
randomized controlled trials as well as prospective and retro-
spective studies were included. We excluded studies reporting
on non-geriatric patients, case reports/series, review articles, or
articles that did not report on clinical outcomes. Additionally,
articles reporting on traumatic brain injury, spinal cord injury, or
burns were excluded given the well-recognized role of hypona-
tremia in the management of these injuries.

Data abstraction

Two reviewers (ST and AN) independently conducted data
abstraction. A data extraction template was designed a priori.
Abstracted data included study characteristics (title, lead author,
publication year, country of publication), study aims, study
design, patient demographics, comparator groups, hypona-
tremia type (ie, acute vs chronic), definition of hyponatremia
used, traumatic injury or surrogate for trauma, hospital setting,
statistical methods, primary outcomes, and study results.

Data analysis

Statistical analyses were performed using Stata V.18 (StataCorp
LLC, College Station, Texas). Statistical significance was set at a
p value of <0.05. A random effect meta-analysis was performed
for the primary outcome of in-hospital mortality. For the
purposes of the meta-analysis, studies that reported subgroups
of hyponatremia (ie, acute and chronic) were collapsed into one
group of hyponatremic patients to maintain consistent exposure
and outcome reporting among the selected studies. Heteroge-
neity was assessed using the inconsistency statistic (I, with an
I value greater than 50% considered to represent considerable
heterogeneity).

Assessing methodological quality and bias

Quality of evidence was assessed using the Grading of Recom-
mendations Assessment, Development, and Evaluation (GRADE)
approach by two independent reviewers (ST and AN).?’ Evidence
was ranked from ‘very low’ to ‘high” quality based on risk of bias
and publication bias. The senior author (MWS) then adjudicated
decisions regarding grades of evidence in discrepant cases.

Assessing publication bias

Publication bias among the reviewed studies was described using
funnel plot-based methods.>® Statistical assessment of publica-
tion bias was performed using the Harbord test.*!

RESULTS

Literature search

The literature search yielded 9670 articles that met the inclusion
criteria. Of these, 3135 duplicate articles were removed yielding
65335 articles eligible for screening. Following title and abstract
screening, we excluded 6300 articles and performed full-
text review on 235 studies. 231 articles were excluded during
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full-text review, leaving four studies that met final eligibility
criteria (figure 1).

Study and patient characteristics

In total, 11894 geriatric trauma patients were included in the
analysis. Of these, 2298 patients were hyponatremic (chronic
or acute) while 9596 were normonatremic. Kuo et al reported
on 125 adult hyponatremic patients (ages 20-64) as a third
comparator group, and Madsen et al included 122 hyperna-
tremic patients as a third comparator group.’?3* The studies
were performed between 2013 and 2020 in four different coun-
tries. Trauma patients were defined as those who underwent hip
fracture repair (Ayus, Hagino, and Madsen) or experienced a
ground-level fall (Kuo).**3* Hyponatremia was defined as acute/
recent, chronic, persistent, or corrected during admission. Ayus
et al defined chronic hyponatremia as greater than or equal
to two consecutive plasma sodium values <135 mmol/L over
greater than 90 days prior to admission, while acute/recent hypo-
natremia was defined by one plasma sodium value <135 mmol/L
within 30 days of admission with a previously recorded normal
plasma sodium. All studies categorized hyponatremia as

Mot full article or book chapter (n =51)

Focused on burns or TBI/spinal cord injury (n = 15)
Not focused on trauma (n =42)

Not focused on hyponatremia (n = 36)

Not clinical outcomes focused (n = 23)

Focused on osteoporosis or bone health (n = 14)
Practice guideline or treatment approach (n = 37)
Seoping or systematic review (n = 13)

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram showing selection process of included

<135mEqg/L or mmol/L. Only patients with a serum sodium
measure prior to admission or at presentation were eligible for
inclusion in all four studies. Normonatremia comparison groups
were defined as sodium values between 135 and 145 mEg/L.
Clinical outcomes assessed included LOS, postoperative compli-
cations, 30-day readmission, in-hospital mortality, long-term
mortality, and trauma bay procedures (table 1). Patient charac-
teristics from the included studies are reported in table 2.

In-hospital mortality

Results of the meta-analysis for in-hospital mortality are displayed
in figure 2. Three of the four extracted studies (Hagino, Kuo,
Ayus) included in-hospital mortality as an outcome. In the meta-
analysis, in-hospital mortality was significantly higher in the
hyponatremic group compared with the normonatremic group
(risk ratio (RR) 2.23; 95% CI 1.51 to 3.74; 2=82.17%).

Hospital LOS
Three of the four studies (Ayus, Hagino, Kuo) reported on
hospital LOS. However, Ayus et al did not include the SD values
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Table 1 Characteristics of included studies
Clinical outcomes
Study Year Study design Definition of geriatric Hyponatremia groups Definition of trauma collected
Ayus et al 2020 Retrospective cohort Did not specify, included all  Recent and chronic Traumatic hip fracture Length of stay (LOS),
adult patients hyponatremia, repair in-hospital mortality, post-
normonatremia operative complications,
30-day readmission and
long-term mortality
Hagino et al 2013 Retrospective cohort >60 years of age Hyponatremia and Hip fracture repair LOS, in-hospital mortality
normonatremia
Kuo et al 2017 Retrospective cohort >65 years of age Hyponatremia (elderly Fall<1 meter LOS (ICU and hospital), in-
and adult (20-64)) and hospital mortality, trauma
normonatremia elderly bay procedures
Madsen et al 2016 Retrospective cohort >60 years of age Hyponatremia (including  Hip fracture repair 30-day mortality

ICU, intensive care unit.

for LOS. Additionally, Hagino et al reported that their hospital
was a combined inpatient and rehabilitation facility, which led
their reported LOS values being considerably higher than the
other studies due to the inclusion of postoperative recovery and
rehabilitation days. Therefore, we had limited ability to perform
an outcome-specific meta-analysis. In an unadjusted analysis,
Ayus et al reported no significant difference in median LOS
in both the chronic prolonged hyponatremia (CPH) (8 days,
p=0.15) and acute hyponatremia (AH) group (8 days, p=0.78)
compared with the normonatremia group (7 days). After propen-
sity score adjustment, the lack of significant association held.
Hagino et al found that the hyponatremia group had a longer
LOS than the normonatremia group (58.2 vs 54.4, p=0.395).
Similarly, Kuo et al demonstrated that elderly hyponatremic
patients had a significantly longer LOS than normonatremic
patients (11.1 vs 9.1, p<0.001). There was no difference in LOS
between elderly patients with hyponatremia and adult patients
with hyponatremia (11.1 vs 11.6, p=0.663).

Readmission

Only Ayus et al included 30-day readmission as an outcome. In
their study, the crude risk of all-cause readmission at 30 days
following discharge was significantly higher in patients with CPH
compared with the normonatremic patients (18% vs 12.99%,
p=0.04). This association was not present when comparing
patients with AH and normonatremic patients (12.5% vs 12.9%,
p=0.90). After adjustment for potential confounders, there was
no significant association with either hyponatremia group and
30-day readmission (CPH: adjusted OR (aOR): 1.29, 95%CI
0.86 to 1.60, AH: aOR: 0.93, 95% CI 0.54 to 1.60).

persistent and corrected
during admission) and
normonatremia

Trauma bay procedures

Only Kuo ef al included trauma bay procedures as a clinical
outcome. They found that hyponatremic patients were signifi-
cantly more likely to undergo intubation (OR: 2.4, 95%CI
1.15 to 4.83) compared with normonatremic patients, but no
association was present between the two groups with respect to
chest tube insertion or receiving a blood transfusion. There was
no significant difference in trauma bay procedures between the
adult and elderly hyponatremic groups.

Intensive care unit admission and LOS

Only Kuo et al reported on intensive care unit (ICU) admission
and LOS. Their results demonstrated that a higher proportion
of hyponatremic geriatric patients were admitted to the ICU
than those without (20.9% vs 16.2%; OR: 1.40, 95%CI 1.07
to 1.76). However, ICU LOS was not significantly different
between the hyponatremic and normonatremic groups. There
was no significant difference in ICU admission or LOS between
elderly and adult patients with hyponatremia.

Long-term mortality

Two studies reported on long-term mortality. Madsen et al
analyzed all-cause 30-day mortality while Ayus ef al analyzed
all-cause mortality during a 6-year follow-up period. Ayus et
al demonstrated that unadjusted survival was lower in patients
who initially presented with CPH or AH. In their adjusted
Cox proportional hazards regression, patients with CPH had
a higher rate of death (adjusted HR (aHR) 1.53, 95%CI 1.12
to 2.09) compared with normonatremic patients, while there

Table 2  Patient characteristics in included studies

Total number of Total number of hyponatremic

Mean sodium level in
geriatric hyponatremia

Study geriatric patients geriatric patients Age (mean, SD) Female gender group
Ayus et al 1571 366 (chronic=222, acute=144) Chronic_(median, IQR): 86 Chronic: 183 (82.4%) Chronic: 131
(81-89) Acute: 119 (82.6%) Acute: 133
Acute (median, IQR): 83
(78-87)
Hagino et a/ 512 49 86.7+6.6 28 (75.5%) 132+2.3 (127-134)
Kuo et al 2494 492 Not reported 311 (63.2%) 130.5+4.1
Madsen et a/ 7195 1391 81.8(8.8) 1092 (78.5%) Not reported
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Figure 2 Forest plot results of meta-analysis comparing in-hospital mortality among geriatric patients with and without hyponatremia. REML,

Restricted Maximum Likelihood.

was no association between AH and long-term survival (aHR:
1.29, 95% CI 0.86 to 1.93). Madsen et al reported that 30-day
mortality was significantly higher in hyponatremic patients than
those with normonatremia (12.2% vs 9.6%, p=0.005). After
subdividing patients into quartiles based on severity of hypona-
tremia, there was no difference in 30-day mortality between the
quartiles. In their analysis, hyponatremia was associated with an
increased risk of mortality (aHR 1.28, 95% CI 1.08 to 1.52).

Quality assessment
All included studies were categorized as very low quality per the
GRADE approach.

Publication bias

Results of the Harbord test revealed that the risk of publication
bias was high (p=0.0003). The contour-enhanced funnel plot
is exhibited in online supplemental figure 1 and demonstrates
a noticeable lack of publications with non-significant findings
and small sample sizes. A trim-and-fill analysis demonstrated
a decreased and non-significant RR for in-hospital mortality
(1.36, 95%CI 0.61 to 3.01) compared with the observed RR of
2.23 (95% CI 1.13 to 4.38).

DISCUSSION

Geriatric trauma patients experience increased morbidity and
mortality compared with younger adults.’** This difference
in outcomes may be attributable to the decreased physiologic
reserve that occurs concurrently with aging, a higher preva-
lence of medical comorbidities and prescription medication use
in elderly patients, or other factors yet to be identified. Elec-
trolyte abnormalities, namely hyponatremia, have been found
to be one such factor.'s? Our systematic review and meta-
analysis, including nearly 12000 patients from four retrospec-
tive cohort studies, corroborates this. We found that geriatric
trauma patients with hyponatremia have significantly higher risk
of in-hospital mortality than those with normal serum sodium
levels. Hyponatremia in geriatric trauma patients was also
associated with a greater LOS and a higher risk of trauma bay
procedures (primarily intubation), readmission, and long-term
mortality. These findings are remarkable as hyponatremia may be
a modifiable risk factor for adverse outcomes in geriatric trauma
patients, and perhaps a key factor overlooked for fall preven-
tion strategies. Hyponatremia requires particular attention as a

potential cause and/or exacerbating factor in geriatric trauma, as
opposed to an unrelated entity.

Hyponatremia is extremely common in hospitalized geri-
atric patients with an incidence of 22.2% compared with 6% in
younger adults.” It is also associated with increased morbidity
and mortality in numerous medical conditions, including
myocardial infarction, renal insufficiency, liver cirrhosis and
hip fractures.’ Hyponatremia can have multiple various etiol-
ogies and primary treatment focuses on addressing the under-
lying cause. It remains unclear if the impact of hyponatremia on
clinical outcomes is also dependent on the underlying etiology
of the hyponatremia, if it is an independent driver, or both.
Whether the effects of hyponatremia influence outcomes at the
physiological level or if hyponatremia, especially chronic hypo-
natremia, serves as a marker of decreased physiologic reserve
or high comorbidity burden in elderly patients remains uncer-
tain. An interesting finding from our review is that one study
reported geriatric trauma patients presenting with chronic
hyponatremia had significantly higher risk-adjusted in-hospital
mortality compared with their normonatremic counterparts.*
This association did not hold between patients with AH and
normonatremia, suggesting that chronic hyponatremia may be
a major contributor to adverse outcomes and should be specifi-
cally investigated in geriatric trauma patients.

Given the complex medical and social needs of geriatric trauma
patients, surgical leaders have advocated that elderly patients
may benefit from multidisciplinary clinical care involving expe-
rienced geriatricians.*** Multiple studies have shown that adop-
tion of multidisciplinary care of geriatric trauma patients can
help reduce hospital-acquired complications such as functional
decline, falls, delirium, and death.*#? In relation to hypona-
tremia, trauma providers may benefit from leveraging the exper-
tise of geriatricians to help determine its etiology and address
contributing factors such as polypharmacy, heart failure, renal
disease, liver dysfunction, or malnutrition.

A significant takeaway from our systematic review is that only
four retrospective cohort studies met inclusion criteria, all of
which were published outside of the United States (US). Many
trauma-focused retrospective studies performed in the US rely
on institutionally or nationally maintained databases, which typi-
cally lack laboratory values. As such, studying the clinical impact
of hyponatremia is not feasible using most national trauma regis-
tries. In contrast, Denmark maintains a national registry, which
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contains demographic information, details regarding all hospital
admissions, and outpatient visits for all citizens. This system
is highly beneficial for evaluating national trauma data, as it
permits extraction of laboratory values and complete follow-up
over time.** Given the association between hyponatremia and
geriatric trauma outcomes, US trauma registries should consider
collecting serum sodium values for elderly patients to aid in
future analyses.

We also noted substantial heterogeneity within the published
literature on this topic. Major sources of heterogeneity included
the lack of a consensus regarding the age limit for geriatric
trauma patients as well as variable comparator groups, clinical
outcome measures, and patient populations across all studies.
While there has been a push towards developing evidence-
based recommendations for geriatric trauma care, there is no
consensus regarding the age cut-off or standardized outcome
metrics for geriatric trauma patients. Additionally, we found
that the outcomes of interest varied among all four studies.
Even when evaluating in-hospital mortality, an outcome in all
four included studies, the meta-analysis revealed a high 1 value,
suggesting that considerable heterogeneity is present. We believe
that this presents an opportunity for the field to standardize the
age criterion for geriatric trauma and the outcomes measured
in geriatric trauma research to enable generation of quality data
for research and quality improvement. Higher quality data are
needed to enhance our understanding of the complex associ-
ation between hyponatremia and trauma outcomes as well as
inform the development of evidence-based recommendations
for geriatric trauma care.

A limitation of this work is the low number of included studies,
all of which provide very low-quality evidence of the associa-
tion between hyponatremia and geriatric trauma outcomes. Our
systematic review only revealed four retrospective cohort studies,
even after broadening our inclusion criteria to include surro-
gates for traumatic injuries (eg, patients undergoing hip fracture
repair). Furthermore, across all studies, the mean sodium level
of patients was between 130 mEq/L and 135 mEq/L, indicating
that a large majority of the patients discussed had mild hypo-
natremia and limiting the generalizability of these findings in
trauma patients with moderate and severe hyponatremia. Given
the paucity of published articles on this topic, there is a crit-
ical need for well-designed, prospective studies evaluating the
impact of hyponatremia on geriatric trauma outcomes. Future
research should investigate the etiology of hyponatremia in
geriatric trauma patients and its relationship to syncopal versus
mechanical falls.

CONCLUSIONS

Our findings, while limited by significant heterogeneity and
publication bias, demonstrate that hyponatremia significantly
increases the risk of in-hospital mortality among geriatric trauma
patients, primarily those with hip fractures. In individual studies,
hyponatremia also increases the likelihood for trauma bay intu-
bation, higher LOS, and long-term mortality. Lack of available,
high-quality studies limits definitive conclusions and recommen-
dations that can guide clinical practice, but a clear association
exists between hyponatremia and adverse outcomes in geriatric
trauma. Trauma providers should be aware of this association
and work to address hyponatremia as a possible contributing
and/or exacerbating factor after injury, as opposed to an unre-
lated chronic medical problem. Focusing on and addressing
hyponatremia in the clinical setting could be a key factor in
prevention of future falls. Further study is critically needed to

improve our understanding of the impact of hyponatremia on
the clinical outcomes of geriatric trauma patients.

X Marguerite W Spruce @MaggieSpruce

Contributors Conception and study design: AN, ST, MWS. Literature review: AN, ST,
LHY. Data acquisition: AN, ST, LHY. Data analysis and interpretation: AN, ST, CS, CL,
MHH, GAC, MWS. Drafting of the manuscript: AN, ST, MWS. Critical revision: AN, ST,
CS, CL, LHY, MHH, GAC, MWS. AN and MWS accept full responsibility for the finished
work and/or the conduct of the study, had access to the data, and controlled the
decision to publish.

Funding This research did not receive any specific grant from funding agencies in
the public, commercial, or not-for-profit sectors. ST and AN received support from
the Washington University School of Medicine Surgical Oncology Basic Science and
Translational Research Training Program grant T32CA009621, from the National
Cancer Institute (NCI). This content is solely the responsibility of the authors and
does not represent the official views of the NCI.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer-reviewed.

Data availability statement Data are available upon request. Data discussed
in the article including template data collection forms, data extracted from included
studies, data used for all analyses, and analytic code will be made available

upon request with appropriate institutional review board approval and data use
agreements.

Supplemental material This content has been supplied by the author(s).

It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Ariana Naaseh http://orcid.org/0000-0001-9805-2789

REFERENCES
1 Gerrish AW, Hamill ME, Love KM, Lollar DI, Locklear TM, Dhiman N, Nussbaum MS,
Collier BR. Postdischarge Mortality after Geriatric Low-Level Falls: A Five-Year Analysis.
Am Surg 2018,84:1272-6.
2 United States Centers for Disease Control and Prevention. Older adul fall prevention.
2024. Available: https://www.cdc.gov/falls/index.html [Accessed 5 Mar 2024].
3 Brooks SE, Peetz AB. Evidence-Based Care of Geriatric Trauma Patients. Surg Clin
North Am 2017;97:1157-74.
4 Ma MH, MacKenzie EJ, Alcorta R, Kelen GD. Compliance with prehospital triage
protocols for major trauma patients. J Trauma 1999;46:168-75.
5 Pennings JL, Bachulis BL, Simons CT, Slazinski T. Survival after severe brain injury in
the aged. Arch Surg 1993;128:787-93;
6 DeMaria EJ, Kenney PR, Merriam MA, Casanova LA, Gann DS. Survival after trauma in
geriatric patients. Ann Surg 1987;206:738-43.
7 Oreskovich MR, Howard JD, Copass MK, Carrico CJ. Geriatric trauma: injury patterns
and outcome. J Trauma 1984,24:565-72.
8 Cagetti B, Cossu M, Pau A, Rivano C, Viale G. The outcome from acute subdural
and epidural intracranial haematomas in very elderly patients. Br J Neurosurg
1992;6:227-31.
9 Grossman MD, Miller D, Scaff DW, Arcona S. When is an elder old? Effect of
preexisting conditions on mortality in geriatric trauma. J Trauma 2002;52:242-6.
10 McGwin G, MacLennan PA, Fife JB, Davis GG, Rue LW III. Preexisting Conditions
and Mortality in Older Trauma Patients. The Journal of Trauma: Injury, Infection, and
Critical Care 2004;56:1291-6.
11 Pagin M, Mabire C, Cotton M, Zingg T, Carron PN. Retrospective Analysis of Geriatric
Major Trauma Patients Admitted in the Shock Room of a Swiss Academic Hospital:
Characteristics and Prognosis. J Clin Med 2020;9:1343.

6 Naaseh A, et al. Trauma Surg Acute Care Open 2025;10:¢001562. doi:10.1136/tsaco-2024-001562


https://x.com/MaggieSpruce
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9805-2789
https://pubmed.ncbi.nlm.nih.gov/30185299
https://www.cdc.gov/falls/index.html
http://dx.doi.org/10.1016/j.suc.2017.06.006
http://dx.doi.org/10.1016/j.suc.2017.06.006
http://dx.doi.org/10.1097/00005373-199901000-00029
http://dx.doi.org/10.1001/archsurg.1993.01420190083011
http://dx.doi.org/10.1097/00000658-198712000-00009
https://pubmed.ncbi.nlm.nih.gov/6748116
http://dx.doi.org/10.3109/02688699209002930
http://dx.doi.org/10.1097/00005373-200202000-00007
http://dx.doi.org/10.1097/01.TA.0000089354.02065.D0
http://dx.doi.org/10.1097/01.TA.0000089354.02065.D0
http://dx.doi.org/10.3390/jcm9051343

12

20

21

22

23

24

25

26

Jacobs DG, Plaisier BR, Barie PS, Hammond JS, Holevar MR, Sinclair KE, Scalea TM,
Wahl W, EAST Practice Management Guidelines Work Group. Practice management
guidelines for geriatric trauma: the EAST Practice Management Guidelines Work
Group. J Trauma 2003;54:391-416.

Montero-Odasso M, Velde N, Martin FC, Petrovic M, Tan MP, Ryg J, Aquilar-Navarro
S, Alexander NB, Becker C, Blain H, et al. Task Force on Global Guidelines for Falls in
Older Adults. World guidelines for falls prevention and management for older adults:
a global initiative. Age Ageing 2022;51:afac205.

Zhang X, Li XY. Prevalence of hyponatremia among older inpatients in a general
hospital. Eur Geriatr Med 2020;11:685-92.

Braun MM, Barstow CH, Pyzocha NJ. Diagnosis and management of sodium disorders:

hyponatremia and hypernatremia. Am Fam Physician 2015;91:299-307.

Bulgakova SV, Treneva EV, Zakharova NO, Nikolaeva AV, Ovchinnikova EA. Chronic
hyponatremia in the elderly: association with geriatric syndromes (review of
literature). Klin Lab Diagn 2020,65:597-601.

Upala S, Sanguankeo A. Association Between Hyponatremia, Osteoporosis,

and Fracture: A Systematic Review and Meta-analysis. / Clin Endocrinol Metab
2016;101:1880-6.

Murthy K, Koshkina O, Marcantonio AJ, Pala N, Breeze JL, Paulus J, Hodge MB.
Hyponatremia and Fracture Risk: A Hospital-Based Case--Control Study. J Am Geriatr
Soc 2015;63:1699-701.

Usala RL, Fernandez SJ, Mete M, Cowen L, Shara NM, Barsony J, Verbalis JG.
Hyponatremia Is Associated With Increased Osteoporosis and Bone Fractures in a
Large US Health System Population. J Clin Endocrinol Metab 2015;100:3021-31.
Kinsella S, Moran S, Sullivan MO, Molloy MGM, Eustace JA. Hyponatremia
independent of osteoporosis is associated with fracture occurrence. Clin J Am Soc
Nephrol 2010;5:275-80.

Kumar RV, Manchekar MP, Kashid M, Rajauria S, Rai SK. Does hyponatremia pose a
risk factor for hip fractures in the elderly? Can a primary physician prevent it? J Family
Med Prim Care 2023;12:1843-8.

Rittenhouse KJ, To T, Rogers A, Wu D, Horst M, Edavettal M, Miller JA, Rogers

FB. Hyponatremia as a fall predictor in a geriatric trauma population. /njury
2015;46:119-23.

Hoffmann DB, Popescu C, Komrakova M, Welte L, Saul D, Lehmann W, Hawellek T, Beil
FT, Dakna M, Sehmisch S. Chronic hyponatremia in patients with proximal femoral
fractures after low energy trauma: A retrospective study in a level-1 trauma center.
Bone Rep 2020;12:100234.

Mc Causland FR, Wright J, Waikar SS. Association of serum sodium with morbidity and
mortality in hospitalized patients undergoing major orthopedic surgery. J Hosp Med
2014;9:297-302.

Ahamed S, Anpalahan M, Sawvas S, Gibson S, Torres J, Janus E. Hyponatraemia in
older medical patients: implications for falls and adverse outcomes of hospitalisation.
Intern Med J 2014;44:991-7.

Gill G, Huda B, Boyd A, Skagen K, Wile D, Watson I, van Heyningen C. Characteristics
and mortality of severe hyponatraemia--a hospital-based study. Clin Endocrinol (Oxf)
2006;65:246-9.

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Schiara LAM, Moirano G, Grosso E, Richiardi L, Tibaldi M, Spertino E, Vezza C, Isaia
GG, Massaia M, D'Amelio P. Hyponatremia, Hypokalemia, and Fragility Fractures in
0Old Patients: More than an Association? Calcif Tissue Int 2020;106:599-607.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items

for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med
2009;6:1000097.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, Schiinemann
HJ, GRADE Working Group. GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ 2008;336:924—6.

Lin L, Chu H. Quantifying publication bias in meta-analysis. Biometrics
2018;74:785-94.

Harbord RM, Egger M, Sterne JAC. A modified test for small-study effects in meta-
analyses of controlled trials with binary endpoints. Stat Med 2006;25:3443-57.

Kuo SCH, Kuo PJ, Rau CS, Wu SC, Hsu SY, Hsieh CH. Hyponatremia Is Associated

with Worse Outcomes from Fall Injuries in the Elderly. Int J Environ Res Public Health
2017;14:460.

Madsen CM, Jantzen C, Lauritzen JB, Abrahamsen B, Jorgensen HL. Hyponatremia and
hypernatremia are associated with increased 30-day mortality in hip fracture patients.
Osteoporos Int 2016,27:397-404.

Ayus JC, Fuentes N, Go AS, Achinger SG, Moritz ML, Nigwekar SU, Waikar SS, Negri
AL. Chronicity of Uncorrected Hyponatremia and Clinical Outcomes in Older Patients
Undergoing Hip Fracture Repair. front Med 2020;7:263.

Hagino T, Ochiai S, Watanabe Y, Senga S, Saito M, Takayama Y, Wako M, Ando T, Sato
E, Haro H. Hyponatremia at admission is associated with in-hospital death in patients
with hip fracture. Arch Orthop Trauma Surg 2013;133:507-11.

Morris JA Jr, MacKenzie EJ, Damiano AM, Bass SM. Mortality in trauma patients: the
interaction between host factors and severity. J Trauma 1990;30:1476-82.
Champion HR, Copes WS, Buyer D, Flanagan ME, Bain L, Sacco WJ. Major trauma in
geriatric patients. Am J Public Health 1989;79:1278-82.

Finelli FC, Jonsson J, Champion HR, Morelli S, Fouty WJ. A case control study for major
trauma in geriatric patients. J Trauma 1989;29:541-8.

Vollmer DG, Torner JC, Jane JA, Sadovnic B, Charlebois D, Eisenberg HM, Foulkes MA,
Marmarou A, Marshall LF. Age and outcome following traumatic coma: why do older
patients fare worse? J Neurosurg 1991;75:537-49.

Yamada Y, Harada K, Ko F, Chai E, Suarez-Rodriguez L, Wedderburn R, Amir O.
Geriatrics trauma co-management: Preliminary descriptive data from a single
academic institution. /nnov Aging 2023;7:929.

Olufajo OA, Tulebaev S, Javedan H, Gates J, Wang J, Duarte M, Kelly E, Lilley E,

Salim A, Cooper Z. Integrating Geriatric Consults into Routine Care of Older

Trauma Patients: One-Year Experience of a Level | Trauma Center. J Am Coll Surg
2016;222:1029-35.

Fallon WF Jr, Rader E, Zyzanski S, Mancuso C, Martin B, Breedlove L, DeGolia P, Allen
K, Campbell J. Geriatric outcomes are improved by a geriatric trauma consultation
service. J Trauma 2006;61:1040-6.

Fisher JM, Bates C, Banerjee J. The growing challenge of major trauma in older
people: a role for comprehensive geriatric assessment? Age Ageing 2017;46:709-12.

Naaseh A, et al. Trauma Surg Acute Care Open 2025;10:e001562. doi:10.1136/tsaco-2024-001562


http://dx.doi.org/10.1097/01.TA.0000042015.54022.BE
http://dx.doi.org/10.1007/s41999-020-00320-3
https://pubmed.ncbi.nlm.nih.gov/25822386
http://dx.doi.org/10.18821/0869-2084-2020-65-10-597-601
http://dx.doi.org/10.1210/jc.2015-4228
http://dx.doi.org/10.1111/jgs.13573
http://dx.doi.org/10.1111/jgs.13573
http://dx.doi.org/10.1210/jc.2015-1261
http://dx.doi.org/10.2215/CJN.06120809
http://dx.doi.org/10.2215/CJN.06120809
http://dx.doi.org/10.4103/jfmpc.jfmpc_2124_22
http://dx.doi.org/10.4103/jfmpc.jfmpc_2124_22
http://dx.doi.org/10.1016/j.injury.2014.06.013
http://dx.doi.org/10.1016/j.bonr.2019.100234
http://dx.doi.org/10.1002/jhm.2168
http://dx.doi.org/10.1111/imj.12535
http://dx.doi.org/10.1111/j.1365-2265.2006.02583.x
http://dx.doi.org/10.1007/s00223-020-00675-6
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://dx.doi.org/10.1111/biom.12817
http://dx.doi.org/10.1002/sim.2380
http://dx.doi.org/10.3390/ijerph14050460
http://dx.doi.org/10.1007/s00198-015-3423-4
http://dx.doi.org/10.3389/fmed.2020.00263
http://dx.doi.org/10.1007/s00402-013-1693-x
https://pubmed.ncbi.nlm.nih.gov/2258958
http://dx.doi.org/10.2105/ajph.79.9.1278
http://dx.doi.org/10.1097/00005373-198905000-00001
http://dx.doi.org/10.3171/sup.1991.75.1s.0s37
http://dx.doi.org/10.1093/geroni/igad104.2984
http://dx.doi.org/10.1016/j.jamcollsurg.2015.12.058
http://dx.doi.org/10.1097/01.ta.0000238652.48008.59
http://dx.doi.org/10.1093/ageing/afx035

	Association of hyponatremia with outcomes after geriatric trauma: a systematic review and meta-­analysis
	Abstract
	Introduction﻿﻿
	Methods
	Search strategy
	Study selection
	Data abstraction
	Data analysis
	Assessing methodological quality and bias
	Assessing publication bias

	Results
	Literature search
	Study and patient characteristics
	In-hospital mortality
	Hospital LOS
	Readmission
	Trauma bay procedures
	Intensive care unit admission and LOS
	Long-term mortality
	Quality assessment
	Publication bias

	Discussion
	Conclusions
	References


