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The prevalence of obesity in the general population is increasing worldwide, and those surviving are at
an increased risk for developing comorbidity and physical limitations. With aging, obesity places this
high-risk population at an increased risk for future morbidity, institutionalization, and functional decline.
Traditional weight loss programs lead to inconsistent improvements in comorbidity, function, and
quality of life. Bariatric surgery may offer a reasonable alternative in selected patients to achieve im-
provements in these outcomes. We present our approach in assessing the physiologic age of older
candidates for bariatric surgery from a geriatrician's perspective that may be useful for general internists,
bariatricians, and general surgeons alike. We present how a focus on function and physiological
parameters of aging provides more predictive power than that on chronological age alone.
Copyright © 2015, Asia Pacific League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan

LLC. All rights reserved.
1. Introduction

Improved life expectancy has allowed the aging population1

(Fig. 1) of baby boomers to enter their “golden years” in unprece-
dented numbers. Rises in obesity prevalence, measured by body
mass index (BMI), parallel this aging demographic, with rates of
obesity climbing from 12.3% and 16.5% in males and females,
respectively, in the >60-year age group in 1976e1980 to 36.6% and
42.3%, respectively, in 2009e2010 (Fig. 2).2,3 This population is at
risk of developing cancer, heart disease, diabetes, lower extremity
arthritis, sleep apnea, and stroke,4 all of which lead to disability.5,6 A
“U-shaped” curve between BMI and mortality flattens with age.2 In
fact, older people with a BMI of 25e30 kg/m2 may have the lowest
risk of death, while those with a BMI of >30 kg/m2 may be at higher
mortality risks,7 with the majority of deaths attributable to car-
diovascular disease.8 This epidemic of obesity is countering the
gained improvement in primary and secondary prevention efforts
of cardiovascular disease.9 Longitudinal studies have proved that
certain subgroups of overweight elderly persons may have a
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survival advantage due to genetic influences, whereas others have
succumbed to obesity-related complications.10 Recent evidence
suggests that high muscle mass and quality may be protective as
well.11
2. Risks and benefits of intentional weight loss in older adults

Obesity-related comorbidity can be reversed even with a
modest 5e10% weight loss.12,13 Obesity was found to be associated
with a 60% higher risk of functional decline in one review.11 Obesity
duration impacts disability, with those classified as obese
throughout the lifespan having a 2.38 times higher risk than those
who are not.14 Weight gain can lead to an increased risk of nursing
home placement.15 Major trials have examined the effectiveness of
intensive lifestyle modifications involving weight reduction in
demonstrating improvements in cardiovascular risk factors.12,13

The Arthritis, Diet, and Activity Promotion Trial16 demonstrated
that diet and exercise led to improved metabolic equivalents and
reduced all-cause mortality in older adults with osteoarthritis.
Villareal et al17 reported reversibility of frailty in older adults losing
weight with a combination of diet and exercise, leading to im-
provements in metabolic factors and functional outcomes
(including short performance physical battery and gait speed) and
lesser reductions in muscle mass with loss of weight. This pivotal
ublished by Elsevier Taiwan LLC. All rights reserved.

mailto:John.Batsis@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcgg.2015.01.001&domain=pdf
www.sciencedirect.com/science/journal/22108335
http://www.e-jcgg.com
http://dx.doi.org/10.1016/j.jcgg.2015.01.001
http://dx.doi.org/10.1016/j.jcgg.2015.01.001
http://dx.doi.org/10.1016/j.jcgg.2015.01.001


Fig. 1. Life expectancy after the age of 65 years. Data from the United States Census
Bureau demonstrating life expectancy in males and females at the age of 65 years at
different time periods.1

Fig. 2. Age-adjusted prevalence of obesity in older adults. Sex-specific data from the
National Health and Nutrition Examination Surveys in the past 4 decades demon-
strating the increasing prevalence in obesity among both sexes, as measured by body
mass index in older adult population.2,3,123
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randomized trial demonstrated that when weight loss was indi-
cated, exercise training may play an even more important role than
dietary management alone, even in older adults at risk for decline.
Recently, the European Society for the Study for Obesity has pub-
lished guidelines for managing older adults with obesity.18 The
Obesity Society recently updated guidelines for the general adult
population,19 but specific guidelines for seniors were last published
in 2005.20 Importantly, most trials have failed to adequately
examine the risks of weight loss on bone and muscle quality and
mass.

3. Nonsurgical weight loss strategies

Clinicians are ill equipped to provide lifestyle recommendations
in primary care,21 a problem heightened in an elderly population
where conflicting reports suggest that weight loss may be associ-
ated with underlying diseases or mortality.22 Recently, the Centers
for Medicare and Medicaid Services have approved the coverage of
obesity management for Medicare beneficiaries, providing support
for intensive dietary and behavioral therapy. Yet, implementation
into clinical practice is difficult, challenges of which are outside the
scope of this review.23 Whether weight loss should be considered a
primary outcome measure in older adults also requires further
investigation. Goals are to maintain a healthy weight and minimize
the risk of incident disability. Behavioral strategies effectively
produce significant weight loss without significant risk to pa-
tients.24 Pharmacological therapy often is not advocated in older
adults due to the lack of safety and efficacy data, exclusion of
elderly people from clinical trials, and polypharmacy existing in
this population.25 While endoscopic devices are of unproven effi-
cacy and are potentially promising in facilitating long-term weight
loss, they are currently awaiting approval in the United States.

4. Bariatric surgery

Bariatric surgery (BSx) is approved in individuals with class
IIeIII obesity, who otherwise have been unsuccessful in imple-
menting lifestyle modifications to sustainweight loss. Some studies
have examined both short- and long-term outcome measures,
including cardiovascular risk26 and overall mortality,27 in the gen-
eral population. Based on these studies, there is a consensus that
surgery should be considered in patients <50 years old, although
the upper limit has since been adjusted. The position paper by the
European Society for the Study of Obesity outlines that selected
elderly people should also be considered for surgery, eliminating
the upper age limit.18 The overall primary surgical goal should be to
slow the functional decline trajectory.

4.1. Short-term outcomes (<1 year)

The efficacy of short-term metabolic outcomes in older adults is
well established. Weight loss is feasible and effective in improving
comorbidities such as diabetes, hypertension, and obstructive sleep
apnea.28,29 Quality of life improved, as reflected by the 22-point
improvement on the Short-Form 36, compared to age-matched
norms,30 in a large study of 113 patients aged >60 years. No
guidelines exist to recommend a certain type of surgery in older
adults. A lack of data exists that directly compares the different
weight loss procedures. Roux-en-y gastric bypass led to 59.8%
reduction in weight, compared with adjustable gastric band or
vertical sleeve gastrectomy (33.5%, and 34.3% weight reduction,
respectively) no differences in quality of life among the different
procedures31 and no differences from younger patients.32 This
contrasts with the results of Sugerman et al.33 Biliopancreatic
bypass in older adults is less favored due to a higher rate of com-
plications in them.34 Much has been published in abstract form and
not peer-reviewed. For instance, laparoscopic roux-en-y gastric
bypass is associated with 60.3% excess weight loss, compared to
sleeve gastrectomy or banding, and complications were observed in
only 16% of people.35 Others have observed similar findings with no
differences in complications.36 Studies are needed to guide the
appropriate surgical procedure in older adults.

Hard endpoints, including 30-day morbidity and mortality, are
used as surrogates for outcome success, which have demonstrated
conflicting outcomes in BSx in older patients and focus primarily on
short-term hospital-based outcomes and mortality. Elderly people
are often classified according to age (people aged >55 years and
those aged >60 years). None evaluates the physiological age that
has profound implications on overall functional status, medication
burden, and comorbid medical and geriatric syndromes. One study
in older Medicare beneficiaries from 1997 to 2002 showed a higher
rate of death at 30 days (4.8% vs. 1.7%), 90 days (6.9% vs. 2.3%), and 1
year (11.1% vs. 3.9%) compared to younger patients.37 Older bene-
ficiaries >75 years of age had a higher 90-day risk of death
compared to those aged 65e74 years. This study had a number of
limitations. First, it combined various types of bariatric procedures
that otherwise are not performed currently. Second, the data were
limited to a time period when medical/surgical care has
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significantly improved, with emphasis on both perioperative care
and outcomes. Bariatric care has markedly evolved due to an in-
crease in the volume of bariatric surgery, formal training programs,
and specialized, multidisciplinary tertiary care BSx centers of
excellence. Fourth, this cohort excluded laparoscopic procedures
due to potential errors in cohort identification. The number of
laparoscopic procedures has increased considerably, a procedure
having fewer complications in the elderly.38 A more recent study
demonstrated that the length of stay and adverse outcomes in
Medicare beneficiaries after BSx in individuals aged 18e59 years
were not different from those aged 60e66 years.39 Livingston and
Langert40 used a national sample of hospitalized patients in the
USA from 2001 and 2002 and observed that adverse outcomes
increased with age and disease burden. While older adults have
higher degrees of comorbidity and perioperative risk, they stand to
gain the most from the surgery. In carefully selected patients, age
should not preclude surgical intervention.41 The paucity of data and
conflicting reports suggest a need to identify the appropriate sur-
gical candidate (outside of eligibility from a medical comorbidity
and psychosocial standpoint) aside from using age as a strict
criteria. Identification of studies that examined physiological age in
patients >60 years of age is urgently needed, as none have been
published in a manuscript form.

4.2. Longer-term outcomes (>1 year)

Long-term effects of BSx and other weight loss interventions
are only partially understood. With aging, overall goals and
preferences change. Quality of life diminishes with age42 and is
further exacerbated with coexistent obesity. Disability and func-
tional limitations, independent of BMI, rise with age,11 aug-
menting the risk of institutionalization.15 Longevity itself is often
a lesser priorityd“quality over quantity” often emerges as a
principle and concept in routine geriatric decision-making. Our
opinion is that older people need to balance the risks and benefits
of any procedure, but in the context of elective procedures such as
BSx, the potential benefits on quality of life and functional status
need to be materialized over the course of their remaining
lifetime.

Cornerstones of osteoarthritis management in obesity include
weight loss and physical activity. In younger patients, even a mild
degree of weight loss leads to improved range of motion, decreased
pain, and reduction in disability.43 The evidence in older adults
suggests the same directional improvements as observed in
younger population.44 The Arthritis, Diet, and Activity Promotion
Trial was pivotal in proving that weight loss in older adults with
knee osteoarthritis lead to improvements in functional status.16

Weight reduction accomplished by BSx reduces joint pain,45 im-
proves musculoskeletal conditions46 and arthropathy, and leads to
a 66% reduction in arthritis-specific medications in the elderly.47

Morbidly obese patients unsuitable for arthroplasty because of
excess weight and comorbidity should be considered for BSx first,
followed by total joint arthroplasty.48 While further research is
needed in older adults, BSx may be one potential management
approach to reduce the risk of long-term placement.

Sarcopenia, defined as the loss of skeletal muscle mass and
strength occurring with aging,49 may have profound implications
in older adults seeking BSx due to the marked alterations of body
composition. Its definition, measurement, and characterization are
debated,50 but it progresses with age and is associated with phys-
ical disability, reduced quality of life, and death.51,52 Changes in lean
body mass ranges from 10% to 25%, and are often negatively
correlated with weight loss.53,54 Such alterations in fat-free mass
may impact disability, function, and frailty. The importance of
modulating the loss of fat-free mass with fat-mass may reflect
sarcopenia or malnutrition, which can partially be mitigated with
resistance exercises.55 The loss of subcutaneous fat and lean mass
in patients undergoing BSx has been discussed; this loss occurs in
varying degrees.56 Decreases in muscle mass impairs the usual
improvement in insulin sensitivity induced by BSx-induced fat
loss.57 Although obese people have an increased degree of muscle
mass, research should concentrate on mitigating loss of muscle
mass and strength following BSx. Lastly, while metabolic parame-
ters improve, malabsorptive procedures (biliointestinal bypass)
may have more favorable effects on body composition.58 Potential
identification of individuals at risk of fulfilling criteria of sarcope-
nia59 may be needed preoperatively.

Bone loss is a part of normal aging peaking in the 3rd and 4th

decades, and dropping in older adults.60 A 10% weight loss leads to
a 1e2% decline in bone loss.61 Reduction inweight bearing, vitamin
D, and calcium deficiencies occurring with Roux-en-Y Gastric
Bypass (RYGB) are important contributors.62 Early increases in bone
remodeling can occur as early as 3 months postsurgery despite
consumption of supplements.63 This phenomenon persists up to 18
months, leading to increased bone fragility and impaired cross-
linking. While exercise programs can mitigate this effect consid-
erably,64 a riskebenefit analysis in patients is needed to ascertain
possible risks of future fractures as well. An increased fracture risk
is likely in the long term as well.65

Recent reports have noted the postsurgical effects on cognition.
Cognitive test performance improves up to 36 months postsurgery,
with marked improvements in those exhibiting extended post-
operative weight loss66 and those with lower follow-up BMI.67

Future studies performing full neuropsychiatric assessments and/
or neuroimaging with biomarkers may assist in elucidating un-
derlying mechanisms of improvement.

5. Comprehensive geriatric preoperative assessment

We incorporate into our decision-making the physiological
changes occurring with age, all of which increase the complexity of
perioperative care. The American College of Cardiology/American
Heart Association (ACC/AHA) guidelines for preoperative cardio-
vascular assessment focus on intrinsic patient factors, exercise ca-
pacity, and surgery-specific risks68 within a comprehensive history
and physical examination. Reduction in perioperative mortality69

following such assessment has been demonstrated. Problems
such as cardiopulmonary or renal issues, and elderly-specific con-
cerns, including the presence of frailty, polypharmacy, and cogni-
tive issues, require a review. Pulmonary evaluation focuses on
identifiable and preventable complications including atelectasis,
pneumonia, and pulmonary embolism, which account for the ma-
jority of postoperative mortality and morbidity, in addition to sleep
apnea evaluation. Preoperative testing includes a complete blood
count, blood urea nitrogen, serum creatinine with glomerular
filtration rate, electrolytes, liver function tests, possibly coagulation
studies (prothrombin time/activated partial thromboplastin time),
serum albumin, and electrocardiogram. Conventional predictive
tools predict 30- and 90-day operative outcomes,70 but perform
poorly in predicting 90-day survival of elderly patients.70 Older
surgical patients (>80 years) automatically fall into the high-risk
category of American Society of Anesthesia classifications, leading
to inadequate discrimination between patients with different ho-
meostatic capacities and results.71

“Prehabilitation” attempts to maximize preoperative function
and nutrition, and reduce frailty. It is physiologically logical to
consider it as a means of reducing postoperative complications.
Prehabilitation measures include smoking cessation prior to sur-
gery, maximization of pulmonary function via bronchodilators/
controlling medications, and consideration of preoperative



Table 1
Functional statusdactivities of daily living.120,121

Basic Instrumental

Bathing Shopping
Dressing Housekeeping
Transferring from bed to chair Preparing meals
Toileting Taking medications
Eating Finances
Walking Using transportation

Making phone calls
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inspiratory muscle training programs for selected patients,
although evidence supporting these measures is lacking. Specific
cardiopulmonary surgery and BSx algorithms72 have been
reviewed elsewhere and would apply equally to older adults.
Inspiratory muscle training programs can reduce postoperative
pulmonary complications in patients undergoing coronary artery
bypass grafting.73 Preoperative knee exercises have been proved to
be valuable in some studies for rapid restoration of postoperative
function.74 Implementation of an exercise program, protein sup-
plementation, and anxiety reduction resulted in a faster return to
baseline function in patients undergoing colorectal surgery.75 A
recent review indicated the benefits of total-body prehabilitation
on pain, physical function, and length of stay.76 A key geriatric-
specific goal of elective surgery is maintenance or improvement
of the previous level of function, as hospitalization itself poses risk
of loss of function.77 The ability to ascertain baseline function
should come not only from patients, who under-report disability,78

but also from caregivers, families, and community-based ancillary
staff, who can provide a clearer picture of preoperative level of
function. Functional capacity can be assessed by identifying basic
and instrumental activities of daily living (ADL; Table 1). Roughly
15% of elderly people maintain a loss of one basic ADL following
hospitalization, and 20% do not fully recover prehospitalization
abilities.79 However, the age-related increase in surgical compli-
cations is tightly related to underlying comorbidities and func-
tional capacity rather than to age, and healthy elderly patients have
surgical complication rates comparable with those of healthy
younger patients.80 Compared to individuals free of basic ADL
impairments, those with six impairments had a 13-fold higher risk
of in-hospital mortality, four-fold risk of 1-year mortality, and ~15-
fold risk of nursing home stay, and the associated costs were
higher.81 Our interprofessional team advocates an approach
focusing on function and aging physiology rather than on chro-
nological age. Best practice guidelines for geriatric surgical pa-
tients exist.82 Understanding patients’ surgical expectations, and
the postoperative course and recovery are equally important in
ensuring candidacy, but particularly important in evaluating BSx
patients.
Table 2
Characteristics and clinical correlates of the frailty phenomenon.86

Characteristics of frailtya Clinical m

Shrinkingdunintentional weight loss or sarcopenia >10 pou
Weakness Grip stre
Poor endurance or exhaustion Self-repo

Studies D
“How of
0drarel
1. I felt t
2. I could

Slowness Time to
Low activity Lowest q

of the M

a Frail: �3 criteria present; prefrail: one or two criteria present.
5.1. Assessment of frailty

A frailty assessment should be incorporated in older adults who
are candidates for BSx. Predictive “bioassays” for a senior patient’s
particular physiological resilience are being validated in the
assessment of older surgical patients.83 Frailty markers can
improve postoperative risk prediction.84 Robinson et al85 identified
patients scheduled for major elective procedures, and found that
higher degrees of frailty were related to increased rates of institu-
tionalization and 30-day readmission. Others demonstrated
increased length of stay or discharge to skilled nursing facility using
frailty as a marker.83

While a number of different frailty instruments are available, we
favor the Fried frailty criteria, (Table 2)86 due to the ease of incor-
porating these measures in routine practice. A low walking speed
(<1.0 m/s) predicts death87 and can be assessed using the time to
walk 4 m. These criteria have not been evaluated in a BSx popula-
tion, but in a cardiac surgery population, gait speed was associated
with a three-fold risk of major complications or death and a two-
fold risk of discharge to a nursing home among cohorts with
otherwise equal preoperative Society of Thoracic Surgeons risk
scores.88 Grip strength as a frailty marker adds further predictive
validity in an obese older population.89 Preserved grip strength
may predict functional recovery,90 may reduce postoperative out-
comes, and is a marker of nutritional state.89 One study demon-
strated a strong correlation with postoperative body composition
changes but no changes in static muscle force,56 although evidence
suggests that muscle strengthening programs in obese people lead
to improvements in strength.91

5.2. Depression

The general prevalence of depression among community-
dwelling Americans aged �71 years a ranges from 9% to 12%92;
however, the prevalence of major depressive disorder in candi-
dates for BSx is considerably higher.93 de Zwaan et al94 found that
one-third of their candidates met the criteria for current depres-
sive disorder and that up to 50% had active “depressive disorders”
to some degree. No prevalence data of depression in older adults
seeking BSx exist, but one might extrapolate similar trends
exhibited for the older population. Depression after surgery in
older adults has been described in other populations,95 including a
general surgery population, suggesting that one would expect
similar trends in older adults undergoing BSx. Pre-existing
depression has been associated with a lowered threshold for
pain perception and increased postoperative opioid use,96 both of
which may impair rehabilitation97 and increase one’s risk of
delirium.98 The presence of depression is an independent risk
factor for postoperative delirium, with some studies estimating a
easure

nds lost unintentionally in the past year
ngth in the lowest 20% at baseline, adjusted for gender þ body mass index
rted exhaustion identified by 2 questions from the Centers for Epidemiology
epression (CES-D) scale

ten in the last week did you feel this way”
y; 1d1e2 d; 2d3e4 d; 3dmost of the time
hat everything I did was an effort
not get going

walk 15 feet, adjusting for gender and standing height
uintile of physical activity identified for each gender (based on the short version
innesota Leisure Time Activity Questionnaire)
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doubling of incidence with pre-existing depression.99 This “over-
lap syndrome” of depression and delirium is associated with sig-
nificant risks of functional decline, institutionalization, and death
in hospitalized general medical patients.100 Preoperative psycho-
logical assessment should always be a routine component in the
multidisciplinary evaluation of bariatric surgical candidates101

irrespective of age.
First-line antidepressants, including selective serotonin reup-

take inhibitors or selective serotonin/norepinephrine inhibitors,
need not be discontinued preoperatively, given their safety with
anesthetics. There is evidence of increased hemorrhage, whichmay
be a surgical factor, especially when combined with antiplatelet
therapy.102 We recommend that other agents with an antiplatelet
effect (low-dose aspirin and thienopyridines) are best stopped
preoperatively if allowable from a cardiac perspective. Abrupt
discontinuation of selective serotonin reuptake inhibitors (SSRIs)
may lead to a “discontinuation syndrome,” particularly in those
who are unable to tolerate oral intake postoperatively. Drug inter-
action of SSRIs with tramadol may precipitate the serotonin syn-
drome, and dosing of citalopram at �40 mg in older adults should
be reassessed preoperatively for safety, given its potential for QT
prolongation.

There is evidence for the influence of psychosocial factors,
including depressed mood, on clinical outcome postsurgery. One
meta-analysis demonstrated that attitude and mood strongly pre-
dicted the speed and extent of recovery from surgery.103 Psycho-
logical factors were also observed to affect outcomes of wound
healing, infection, and mobilization.104
5.3. Cognitive assessment

The prevalence of overt dementia in community-dwelling
adults is 1% at age 60 years, 14% by age 70 years, and 37% after
age 90 years.105 Dementia is often successfully masked by patients,
and may affect the capacity of patients to understand and partici-
pate in decision-making.106 Simple office-based cognitive screening
tools, coupled with an accurate history from a family member or
caregiver, often make a preoperative diagnosis of cognitive
impairment easy. Cognitive impairment is the most potent risk
factor for postoperative delirium, increasing the risk up to five-
fold.107 Delirium independently increases length of stay, inpatient
complications, and mortality, leading to long-term functional
decline.108 Discontinuation of high-risk medications, optimization
of hydration and oxygenation postoperatively,109 and imple-
mentation of evidenced-based delirium prevention protocols can
reduce delirium during hospitalization and postoperatively by
30e50% (Table 3).

No data exist in the BSx literature regarding the prevalent rates
of cognitive impairment in those eligible for surgery. However,
attentional/executive function testing and verbal/memory testing
in one study predicted a likelihood of 24-month weight loss
success.67 With the intensive dietary management required post-
BSx, cognitively impaired individuals may have an inability to
process, execute, and follow strict instructions, reducing the
enthusiasm for a surgical team to intervene.
Table 3
Delirium prevention protocols.122

Adequate oxygenation & hydration Adequate sleep with
nonpharmacological measures

Adequate pain control Avoiding overnight vital signs
Cognitive stimulation & reorientation Music/massage
Family & staff Maximizing sensorium

Use of hearing aids & glasses
5.4. Social support/discharge planning

Patients with an inadequate home situation or social supports
are at higher risk postoperatively, and assessment for additional
home care needs and/or skilled rehabilitation for restoration of
function is clearly needed. Achievement of safe mobilization,
postoperative respiratory recovery, proper medication adherence,
and wound care are all dependent on the capacities of caregivers as
well. Poor social support for older obese patients requiring ongoing
behavioral management increases the likelihood for failure post-
surgery,110 independent of the postoperative surgical needs. The
degree of social support and caregiving predicts outcomes.

6. Other geriatric-specific preoperative considerations

6.1. Advanced care planning

Surgeons often do not discuss advanced directives with patients,
except for postoperative life-supporting therapy during informed
consent111 even then the expectation that this is discussed falls on
patient rather than provider.112 Often, advanced directives have not
been contemplated even in frail patients undergoing life-
threatening procedures.113 Based on older data, Joint Commission
requirements mandate the discussion of advanced directives. We
suspect that such discussions are now being performed more
frequently. While the legalities vary from state to state, an
emerging Physician Orders for Life Sustaining Treatment Paradigm
program is being considered, which includes topics regarding
resuscitation status, need for medical care, nutrition and hydration,
ventilation, and dialysis, in the context of permanent incapacity.114

These issues are best explored preoperatively in the primary care
setting among family members, potential caregivers, and clinicians
who have maintained longitudinal relationships with the patient.

6.2. Genitourinary system

The glomerular filtration rate declines with advancing age, and
its estimation in older patients can be problematic, as this marker
declines nonlinearly with age. Standardized equations may be
helpful in adjusting renally excreted medications, but their validity
is based on younger, community-dwelling populations, possibly
limiting their application to older adults and leading to over/un-
derestimation of the glomerular filtration rate. However, they may
be helpful in guiding perioperative medication dose adjustments to
prevent adverse drug events and common iatrogenic complica-
tions. Renal dysfunction has profound implications on insults that
may occur intraoperatively, but importantly, certain types of
medications, which would often be utilized in younger populations
(i.e., nonsteroidal anti-inflammatories), would be recommended
only with caution and in short periods of time in the elderly
population. Dose adjustment of medications is needed perioper-
atively to prevent adverse drug events and common iatrogenic
complications.

Underlying benign prostatic hypertrophy and risk for urinary
retention in the older male patients are common, and elderly men
are at a high risk for acute urinary retention post elective surgery.
Those at risk should have discussions about preoperative in-
terventions with finasteride or alpha blockers that may lessen acute
retention.115 Baseline American Urological Association scoring can
be used as a part of the preoperative assessment.

6.3. Polypharmacy and iatrogenic complications

The American Geriatrics Society has sponsored an update of the
Beer's criteria highlighting medications that are potentially



Table 4
Potentially inappropriate medications for older adults.98

Class Common examples Recommendation Rationale

Anticholinergics Diphenhydramine Avoid Anticholinergic
Hydroxyzine Confusion
Promethazine

Antispasmodics Belladona alkaloids Avoid except in palliative care Anticholinergic
Dicyclomine
Hyoascyamine
Scopolamine

Antithrombotics Dipyridamole (alone) Avoid Orthostatic hypotension
Anti-infective Nitrofurantoin Avoid Pulmonary toxicity
Cardiovascular
a-Blockers Doxazocin Avoid use as an antihypertensive Orthostatic hypotension

Prazosin
Terazosin

Central a-blockers Clonidine Avoid Adverse CNS effects
Bradycardia
Orthostatic hypotension

CNS Amitryptilline Avoid Anticholinergic
Doxepin Orthostatic hypotension
Imipramine

Antipsychotics All medications Avoid unless nonpharmacological methods
for behavioral problems of dementia fail

Risk of stroke, mortality

Benzodiazepines All classes Avoid unless seizure disorder, alcohol
withdrawal

Sensitivity to benzodiazepines increasing cognitive impairment,
delirium, falls

Insulin sliding scale Avoid High risk of hypoglycemia
Megestrol Avoid Minimal effect on weight

Thrombosis
Sulfonylureas Chlorpropamide Avoid Prolonged half-life leading to prolonged hypoglycemia

Glyburide
Gastrointestinal Metoclopramide Avoid Extrapyramidal effects leading to tardive dyskinesia
Pain control Meperidine Avoid Not an effective oral agentdsafer alternatives present

NSAIDs Avoid chronic use Increased risk of GI bleeding (proton pump inhibitor does not
eliminate risk)
Increased high blood pressure

Skeletal muscle relaxants Cyclobenzaprine Avoid Anticholinergic

CNS ¼ central nervous system; NSAID ¼ nonsteroidal anti-inflammatory drug.

J.A. Batsis, K.M. Dolkart / Journal of Clinical Gerontology & Geriatrics 6 (2015) 45e5350
inappropriate in older adults,98 which has been validated in diverse
populations and linked to adverse events, including delirium,
gastrointestinal bleeding, falls, and fractures (Table 4). A review of a
patient's medication list is advised to prevent adverse events from
these potentially inappropriate medications.

6.4. Alcohol and illicit drugs

Despite the high prevalence of alcohol abuse and dependency
among older adults in the USA, anesthesiologists and care teams
often miss this diagnosis.116 Adverse effects of excessive alcohol
include increased frequency of pneumonia, delirium, wound
dehiscence, sepsis, and mortality.117 Validated screening questions
can assist in diagnosis. Deferring elective surgery until abstinence
has been accomplished can allow the recovery of liver and bone
marrow, correct nutritional deficiencies, and most importantly,
prevent alcohol withdrawal syndrome. Abuse of psychoactive
prescription drugs is also projected to be of increasing concern
among the elderly, and contributes to delirium after drug with-
drawal, drugedrug and drugedisease interactions, and tolerance
effects. A single question tool, “How many times in the past year
have you used an illegal drug or used a prescription medication for
non-medical reasons?”, is valuable as a screening device and
should be considered in all patients being evaluated.

7. Patient selection

Unfortunately, there is no information to standardize the cur-
rent approach of patient selection in patients undergoing BSx.
However, data from the general surgery literature can assist both
medical and surgical staff in patient selection. The ideal candidate
would have the characteristics summarized in Table 5. The patient
should have similar criteria to younger patients. A true multidis-
ciplinary assessment, including a preoperative behavioral man-
agement program, psychological screening, and evaluation and
management of medical comorbidity, is necessary. Ensuring that
candidates are treated at a center of excellence is preferable, as the
majority of short-term complications are a result of the surgery
itself. We would promote, if at all possible, a laparoscopic
technique.

The comprehensive assessment should focus on psychosocial
and functional status. An excellent support system of family,
friends, or caregiver resources is imperative. Cognitively intact
patients with some impairment in basic or instrumental ADL need
not be excluded; however, a life expectancy of >10 years, in our
opinion, would better assure an ideal risk/benefit ratio. Older
people with frailty are at a high risk for medical and surgical
complications and risk of death. Preoperative delirium protocols
are necessary. The selected patient should be capable of engaging in
physical interventions focusing on mitigating sarcopenia and
osteoporosis; maintaining changes in eating behavior is needed as
well. A recommended prehabilitation program may include a
physical therapist to assist with strength and endurance training
and a nutritionist to aide in enhancing protein intake vitamin D and
other nutrient sufficiency. Certain centers have formal pre-
habilitation programs,118 but there is no formal evidence to suggest
its benefit in BSx.

Identifying goals of care, quality of life, and improved function
should be considered as primary objectives of undergoing surgery.
Goals of the surgery include not only weight loss, but also



Table 5
Proposed selection criteria for the ideal older candidate for bariatric surgery.

Criteria Characteristic Details

Objective Body mass index >35 kg/m2

Measurements
Expected life expectancy >10 y
Grip strength <30 kg in men and <20 kg in women, measured using a dynamometer, suggest weakness
Gait speed >1 m/s

Subjective measurements Current quality of life Poor
Fried frailty criteria �3 components place patients at high risk of institutionalization/readmission

Surgical Type of bariatric surgery Roux-en-Y
Surgical approach Candidate for laparoscopy

Medical comorbidity Respiratory Good respiratory function (no significant COPD)
Controlled sleep apnea

Renal function Estimated GFR �30 mL/min
Urologic No significant signs/symptoms of prostatism
Medication reconciliation Elimination of high-risk medications98

Neuropsychiatric Depression Controlled with nonpharmacological & pharmacological therapies
Psychotherapy

Cognition MMSE or SLUMS �24/30
MOCA �26
Callahan screening test <3

Social support Caregiver support Not living alonedsupportive family/caregiver
Home setup Bedroom/bathroom on the same level

Minimal usage of stairs
Previous surgical course Delirium Previous history of delirium increases risk of future delirium

Past surgeries Functional decline following past surgery predicts future functional decline
Geriatric assessment Function Full basic/instrumental ADL assessment; whether function is affected by conditions

that will not improve after surgery
Vision No significant visual impairmentdchecked regularly by an optometrist
Hearing Amplification if necessary
Fall screener Assessed by Timed Get up and Go

Identifying reasons for falling
Other Drugs of abuse Screening with simple questions

Advanced care planning Advanced directive, durable power of attorney for health care on file

ADL ¼ activities of daily living; GFR ¼ glomerular filtration rate; MMSE ¼ Mini-mental status examination; MOCA ¼ Montreal Objective Cognitive Assessment; SLUMS¼ St.
Louis University Mental Status examination; COPD ¼ Chronic Obstructive Pulmonary Disease.
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improvements in physiological function, comorbidity, and quality
of life, and reduction in institutionalization. Involvement of geri-
atric specialists in preoperative medical and psychosocial care is of
utmost importance for the issues outlined above. There is ample
evidence in the literature recognizing the comanagement role of
geriatric consultation in the inpatient setting, particularly among
hip fracture patients.119 While existing studies focus on short-term
metabolic and mortality outcomes, little is known yet on long-term
outcomes in older patients. Future research is needed to better
characterize these important outcomes.
8. Conclusion

Owing to the “graying” of the population and worsening obesity
epidemic, and with an increasing availability of surgeons and the
improvement of surgical techniques, more BSx will likely be per-
formed on geriatric patients. The medical consultant is charged
with confirming that surgery represents the consequence of the
patient's informed decision, and should identify patient- and
procedure-related factors affecting surgical morbidity, mortality,
and long-term outcome. Surgery-specific risks should be weighed
against potential obesity-related disability that the patient is likely
to incur. We recommend that age should not be the sole determi-
nant in older adults seeking BSx, but that a comprehensive geriatric
assessment, utilizing objective measures, be incorporated to
ascertain whether the older patient is a suitable candidate for BSx.
Conflicts of interest

The authors declare no conflicts of interest.
Acknowledgments

J.A.B. received the American Geriatrics Society/Merck New
Investigator Award, Northern New England Geriatric Education
Center; Health Resources and Services Administration Grant
#D31HP-08813, Dartmouth Centers for Health and Aging; and the
Department of Medicine Junior Faculty Career Development Award.
K.M.D. received Health Resources and Services Administration
Grant #D31HP-08813, Northern New England Geriatric Education
Center.

References

1. Government US. Census Bureau Statistics. 2012 [accessed 20.01.13], http://
www.census.gov.

2. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in
the distribution of body mass index among US adults, 1999e2010. JAMA
2012;307:491e7.

3. Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. Overweight and obesity in
the United States: prevalence and trends, 1960e1994. Int J Obes Relat Metab
Disord 1998;22:39e47.

4. Cigolle CT, Langa KM, Kabeto MU, Tian Z, Blaum CS. Geriatric conditions and
disability: the health and retirement study. Ann Intern Med 2007;147:156e64.

5. Gill TM, Gahbauer EA, Murphy TE, Han L, Allore HG. Risk factors and pre-
cipitants of long-term disability in community mobility: a cohort study of
older persons. Ann Intern Med 2012;156:131e40.

6. Gregg EW, Cheng YJ, Cadwell BL, Imperatore G, Williams DE, Flegal KM, et al.
Secular trends in cardiovascular disease risk factors according to body mass
index in US adults. JAMA 2005;293:1868e74.

7. Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all-cause mortality
with overweight and obesity using standard body mass index categories: a
systematic review and meta-analysis. JAMA 2013;309:71e82.

8. Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess deaths associated
with underweight, overweight, and obesity. JAMA 2005;293:1861e7.

9. Lopez-Jimenez F, Batsis JA, Roger VL, Brekke L, Ting HH, Somers VK. Trends in
10-year predicted risk of cardiovascular disease in the United States, 1976 to
2004. Circ Cardiovasc Qual Outcomes 2009;2:443e50.

http://www.census.gov
http://www.census.gov
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref2
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref2
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref2
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref2
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref2
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref3
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref3
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref3
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref3
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref3
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref4
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref4
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref4
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref5
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref5
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref5
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref5
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref6
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref6
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref6
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref6
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref7
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref7
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref7
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref7
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref8
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref8
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref8
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref9
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref9
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref9
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref9


J.A. Batsis, K.M. Dolkart / Journal of Clinical Gerontology & Geriatrics 6 (2015) 45e5352
10. Kuk JL, Ardern CI. Influence of age on the association between various mea-
sures of obesity and all-cause mortality. J Am Geriatr Soc 2009;57:2077e84.

11. Schaap LA, Koster A, Visser M. Adiposity, muscle mass, and muscle strength in
relation to functional decline in older persons. Epidemiol Rev Dec 4 2012.
http://dx.doi.org/10.1093/epirev/mxs006.

12. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM, Walker EA,
et al. Reduction in the incidence of type 2 diabetes with lifestyle intervention
or metformin. N Engl J Med 2002;346:393e403.

13. Look ARG. Eight-year weight losses with an intensive lifestyle intervention:
the look AHEAD study. Obesity (Silver Spring) 2014;22:5e13.

14. Houston DK, Ding J, Nicklas BJ, Harris TB, Lee JS, Nevitt MC, et al. Overweight
and obesity over the adult life course and incident mobility limitation in older
adults: the health, aging and body composition study. Am J Epidemiol
2009;169:927e36.

15. Zizza C, Herring A, Domino M, Haines P, Stevens J, Popkin BM. The effect of
weight change on nursing care facility admission in the NHANES I Epidemi-
ologic Followup Survey. J Clin Epidemiol 2003;56:906e13.

16. Messier SP, Mihalko SL, Legault C, Miller GD, Nicklas BJ, DeVita P, et al. Effects
of intensive diet and exercise on knee joint loads, inflammation, and clinical
outcomes among overweight and obese adults with knee osteoarthritis: the
IDEA randomized clinical trial. JAMA 2013;310:1263e73.

17. Villareal DT, Chode S, Parimi N, Sinacore DR, Hilton T, Armamento-Villareal R,
et al. Weight loss, exercise, or both and physical function in obese older
adults. N Engl J Med 2011;364:1218e29.

18. Mathus-Vliegen EM. Obesity Management Task Force of the European Asso-
ciation for the Study of O. Prevalence, pathophysiology, health consequences
and treatment options of obesity in the elderly: a guideline. Obes Facts
2012;5:460e83.

19. Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al.
2013 AHA/ACC/TOS guideline for the management of overweight and obesity
in adults: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines and The Obesity Society. Cir-
culation 2014;129(25 Suppl. 2):S102e38.

20. Villareal DT, Apovian CM, Kushner RF, Klein S. American Society for N, Naaso
TOS. Obesity in older adults: technical review and position statement of the
American Society for Nutrition and NAASO, The Obesity Society. Obes Res
2005;13:1849e63.

21. Tsai AG, Wadden TA. Treatment of obesity in primary care practice in the
United States: a systematic review. J Gen Intern Med 2009;24:1073e9.

22. Allison DB, Heo M, Flanders DW, Faith MS, Williamson DF. Examination of
“early mortality exclusion” as an approach to control for confounding by
occult disease in epidemiologic studies of mortality risk factors. Am J Epi-
demiol 1997;146:672e80.

23. Batsis JA, Huyck KL, Bartels SJ. Challenges with the Medicare obesity benefit:
practical concerns and proposed solutions. J Gen Intern Med 2015;30:118e22.

24. Felix HC, West DS. Effectiveness of weight loss interventions for obese older
adults. Am J Health Promot 2013;27:191e9.

25. Fulton MM, Allen ER. Polypharmacy in the elderly: a literature review. J Am
Acad Nurse Pract 2005;17:123e32.

26. Batsis JA, Sarr MG, Collazo-Clavell ML, Thomas RJ, Romero-Corral A,
Somers VK, et al. Cardiovascular risk after bariatric surgery for obesity. Am J
Cardiol 2008;102:930e7.

27. Adams TD, Gress RE, Smith SC, Halverson RC, Simper SC, Rosamond WD, et al.
Long-termmortality after gastric bypass surgery.NEngl J Med 2007;357:753e61.

28. Batsis JA, Romero-Corral A, Collazo-Clavell ML, Sarr MG, Somers VK, Brekke L,
et al. Effect of weight loss on predicted cardiovascular risk: change in cardiac
risk after bariatric surgery. Obesity (Silver Spring) 2007;15:772e84.

29. Sjostrom L, Lindroos AK, Peltonen M, Torgerson J, Bouchard C, Carlsson B, et al.
Lifestyle, diabetes, and cardiovascular risk factors 10 years after bariatric
surgery. N Engl J Med 2004;351:2683e93.

30. Clough A, Layani L, Shah A, Wheatley L, Taylor C. Laparoscopic gastric banding
in over 60s. Obes Surg 2011;21:10e7.

31. O'Keefe KL, Kemmeter PR, Kemmeter KD. Bariatric surgery outcomes in pa-
tients aged 65 years and older at an American Society for Metabolic and
Bariatric Surgery Center of Excellence. Obes Surg 2010;20:1199e205.

32. Raziel AG, Szold A, Sakran N. The outcome of laparoscopic sleeve gastrectomy
in patients over 60 years at a high-volume center. Obes Surg 2012;22:1176.

33. Sugerman HJ, DeMaria EJ, Kellum JM, Sugerman EL, Meador JG, Wolfe LG.
Effects of bariatric surgery in older patients. Ann Surg 2004;240:243e7.

34. Cossu ML, Fais E, Meloni GB, Profili S, Masala A, Alagna S, et al. Impact of age
on long-term complications after biliopancreatic diversion. Obes Surg 2004;
14:1182e6.

35. Meron Eldar SH, Kroh M, Chand B, Rogula T, Schauer P, Brethauer S. Bariatric
surgery in the elderlydcomparing the 3 major bariatric procedures. Obes Surg
2011;21:1134e5.

36. Gallagher SK, Kurian A, Rajan KDA, Antanavicius G, Bonanni F. Bariatric sur-
gery in older patientsdwhich procedure is best? Surg Endosc 2011;25:S255.

37. Flum DR, Kwon S, MacLeod K, Wang B, Alfonso-Cristancho R, Garrison LP,
et al. The use, safety and cost of bariatric surgery before and after Medicare's
national coverage decision. Ann Surg 2011;254:860e5.

38. Weber DM. Laparoscopic surgery: an excellent approach in elderly patients.
Arch Surg 2003;138:1083e8.

39. Hallowell PT, Stellato TA, Schuster M, Graf K, Robinson A, Jasper JJ. Avoidance
of complications in older patients and Medicare recipients undergoing gastric
bypass. Arch Surg 2007;142:506e10. discussion 510e12.
40. Livingston EH, Langert J. The impact of age and Medicare status on bariatric
surgical outcomes. Arch Surg 2006;141:1115e20. discussion 1121.

41. O'Rourke RW, Andrus J, Diggs BS, Scholz M, McConnell DB, Deveney CW.
Perioperative morbidity associated with bariatric surgery: an academic center
experience. Arch Surg 2006;141:262e8.

42. Villareal DT, Banks M, Siener C, Sinacore DR, Klein S. Physical frailty and body
composition in obese elderly men and women. Obes Res 2004;12:913e20.

43. Fernandes L, Hagen KB, Bijlsma JW, Andreassen O, Christensen P,
Conaghan PG, et al. EULAR recommendations for the non-pharmacological
core management of hip and knee osteoarthritis. Ann Rheum Dis 2013;72:
1125e35.

44. Andersen RE, Crespo CJ, Bartlett SJ, Bathon JM, Fontaine KR. Relationship
between body weight gain and significant knee, hip, and back pain in older
Americans. Obes Res 2003;11:1159e62.

45. Vincent HK, Ben-David K, Cendan J, Vincent KR, Lamb KM, Stevenson A.
Effects of bariatric surgery on joint pain: a review of emerging evidence. Surg
Obes Relat Dis 2010;6:451e60.

46. Hooper MM, Stellato TA, Hallowell PT, Seitz BA, Moskowitz RW. Musculo-
skeletal findings in obese subjects before and after weight loss following
bariatric surgery. Int J Obes (Lond) 2007;31:114e20.

47. Nelson LG, Lopez PP, Haines K, Stefan B, Martin T, Gonzalez R, et al. Outcomes
of bariatric surgery in patients > or ¼65 years. Surg Obes Relat Dis 2006;2:
384e8.

48. Parvizi J, Trousdale RT, Sarr MG. Total joint arthroplasty in patients surgically
treated for morbid obesity. J Arthroplasty 2000;15:1003e8.

49. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: Report of the
European WorkingGroup on Sarcopenia in Older People. Age Ageing 2010;39:
412e23.

50. Batsis JA, Barre LK, Mackenzie TA, Pratt SI, Lopez-Jimenez F, Bartels SJ. Vari-
ation in the prevalence of sarcopenia and sarcopenic obesity in older adults
associated with different research definitions: dual-energy X-ray absorpti-
ometry data from the National Health and Nutrition Examination Survey
1999e2004. J Am Geriatr Soc 2013;61:974e80.

51. Delmonico MJ, Harris TB, Lee JS, Visser M, Nevitt M, Kritchevsky SB, et al.
Alternative definitions of sarcopenia, lower extremity performance, and
functional impairment with aging in older men and women. J Am Geriatr Soc
2007;55:769e74.

52. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz AV,
et al. The loss of skeletal muscle strength, mass, and quality in older adults:
the health, aging and body composition study. J Gerontol A Biol Sci Med Sci
2006;61:1059e64.

53. Amatruda JM, Statt MC, Welle SL. Total and resting energy expenditure in
obese women reduced to ideal body weight. J Clin Invest 1993;92:1236e42.

54. Guida B, Belfiore A, Angrisani L, Micanti F, Mauriello C, Trio R, et al. Laparo-
scopic gastric banding and body composition in morbid obesity. Nutr Metab
Cardiovasc Dis 2005;15:198e203.

55. Metcalf B, Rabkin RA, Rabkin JM, Metcalf LJ, Lehman-Becker LB. Weight loss
composition: the effects of exercise following obesity surgery as measured by
bioelectrical impedance analysis. Obes Surg 2005;15:183e6.

56. Otto M, Kautt S, Kremer M, Kienle P, Post S, Hasenberg T. Handgrip strength as
a predictor for post bariatric body composition. Obes Surg 2014 Dec;24(12):
2082e8.

57. Wadstrom C, Backman L, Forsberg AM, Nilsson E, Hultman E, Reizenstein P,
et al. Body composition and muscle constituents during weight loss: studies
in obese patients following gastroplasty. Obes Surg 2000;10:203e13.

58. Lubrano C, Mariani S, Badiali M, Cuzzolaro M, Barbaro G, Migliaccio S, et al.
Metabolic or bariatric surgery? Long-term effects of malabsorptive vs
restrictive bariatric techniques on body composition and cardiometabolic risk
factors. Int J Obes (Lond) 2010;34:1404e14.

59. Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, Harris TB, et al. The
FNIH sarcopenia project: rationale, study description, conference recommen-
dations, and final estimates. J Gerontol A Biol Sci Med Sci 2014;69:547e58.

60. Warming L, Hassager C, Christiansen C. Changes in bone mineral density
with age in men and women: a longitudinal study. Osteoporos Int 2002;13:
105e12.

61. Compston JE, Laskey MA, Croucher PI, Coxon A, Kreitzman S. Effect of diet-
induced weight loss on total body bone mass. Clin Sci (Lond) 1992;82:429e32.

62. Edelstein SL, Barrett-Connor E. Relation between body size and bone mineral
density in elderly men and women. Am J Epidemiol 1993;138:160e9.

63. Fleischer J, Stein EM, Bessler M, Della Badia M, Restuccia N, Olivero-Rivera L,
et al. The decline in hip bone density after gastric bypass surgery is associated
with extent of weight loss. J Clin Endocrinol Metab 2008;93:3735e40.

64. Villareal DT, Shah K, Banks MR, Sinacore DR, Klein S. Effect of weight loss and
exercise therapy on bone metabolism and mass in obese older adults: a one-
year randomized controlled trial. J Clin Endocrinol Metab 2008;93:2181e7.

65. Lalmohamed A, de Vries F, Bazelier MT, Cooper A, van Staa TP, Cooper C, et al.
Risk of fracture after bariatric surgery in the United Kingdom: population
based, retrospective cohort study. BMJ 2012;345:e5085.

66. Alosco ML, Spitznagel MB, Strain G, Devlin M, Cohen R, Paul R, et al. Improved
memory function two years after bariatric surgery. Obesity (Silver Spring)
2014;22:32e8.

67. Spitznagel MB, Alosco M, Strain G, Devlin M, Cohen R, Paul R, et al. Cognitive
function predicts 24-month weight loss success after bariatric surgery. Surg
Obes Relat Dis 2013;9:765e70.

http://refhub.elsevier.com/S2210-8335(15)00002-7/sref10
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref10
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref10
http://dx.doi.org/10.1093/epirev/mxs006
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref12
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref12
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref12
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref12
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref13
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref13
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref13
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref14
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref14
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref14
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref14
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref14
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref15
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref15
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref15
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref15
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref16
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref16
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref16
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref16
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref16
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref17
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref17
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref17
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref17
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref18
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref18
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref18
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref18
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref18
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref19
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref19
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref19
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref19
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref19
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref19
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref20
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref20
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref20
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref20
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref20
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref21
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref21
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref21
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref22
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref22
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref22
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref22
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref22
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref23
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref23
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref23
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref24
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref24
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref24
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref25
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref25
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref25
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref26
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref26
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref26
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref26
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref27
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref27
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref27
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref28
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref28
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref28
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref28
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref29
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref29
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref29
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref29
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref30
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref30
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref30
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref31
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref31
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref31
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref31
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref32
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref32
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref33
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref33
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref33
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref34
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref34
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref34
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref34
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref35
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref35
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref35
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref35
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref35
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref36
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref36
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref36
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref37
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref37
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref37
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref37
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref38
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref38
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref38
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref39
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref39
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref39
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref39
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref39
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref40
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref40
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref40
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref41
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref41
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref41
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref41
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref42
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref42
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref42
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref43
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref43
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref43
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref43
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref43
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref44
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref44
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref44
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref44
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref45
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref45
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref45
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref45
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref46
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref46
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref46
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref46
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref47
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref47
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref47
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref47
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref47
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref48
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref48
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref48
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref49
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref49
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref49
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref49
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref49
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref50
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref50
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref50
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref50
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref50
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref50
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref50
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref51
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref51
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref51
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref51
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref51
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref52
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref52
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref52
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref52
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref52
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref53
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref53
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref53
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref54
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref54
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref54
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref54
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref55
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref55
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref55
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref55
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref56
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref56
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref56
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref56
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref57
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref57
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref57
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref57
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref58
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref58
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref58
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref58
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref58
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref59
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref59
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref59
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref59
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref60
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref60
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref60
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref60
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref61
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref61
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref61
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref62
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref62
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref62
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref63
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref63
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref63
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref63
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref64
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref64
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref64
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref64
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref65
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref65
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref65
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref66
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref66
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref66
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref66
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref67
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref67
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref67
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref67


J.A. Batsis, K.M. Dolkart / Journal of Clinical Gerontology & Geriatrics 6 (2015) 45e53 53
68. Fleischmann KE, Beckman JA, Buller CE, Calkins H, Fleisher LA, Freeman WK,
et al. 2009 ACCF/AHA focused update on perioperative beta blockade: a report
of the American college of cardiology foundation/American heart association
task force on practice guidelines. Circulation 2009;120:2123e51.

69. Study Group POISE, Devereaux PJ, Yang H, Yusuf S, Guyatt G, Leslie K, et al.
Effects of extended-release metoprolol succinate in patients undergoing non-
cardiac surgery (POISE trial): a randomised controlled trial. Lancet 2008;371:
1839e47.

70. Visser BC, Keegan H, Martin M, Wren SM. Death after colectomy: it's later
than we think. Arch Surg 2009;144:1021e7.

71. Visnjevac O, Nader N. Is ASA classification a valid prognosticator in octoge-
narians? Probably not. J Anesth Clin Res 2013;4:1e2.

72. McMahon MM, Sarr MG, Clark MM, Gall MM, Knoetgen 3rd J, Service FJ, et al.
Clinical management after bariatric surgery: value of a multidisciplinary
approach. Mayo Clin Proc 2006;81(Suppl.10):S34e45.

73. Haeffener MP, Ferreira GM, Barreto SS, Arena R, Dall'Ago P. Incentive
spirometry with expiratory positive airway pressure reduces pulmonary
complications, improves pulmonary function and 6-minute walk distance in
patients undergoing coronary artery bypass graft surgery. Am Heart J
2008;156. 900 e901e8.

74. Li C, Carli F, Lee L, Stein B, Liberman AS, Kaneva P, et al. Impact of a trimodal
prehabilitation program on functional recovery after colorectal cancer sur-
gery: a pilot study. Surg Endosc 2013;27:1072e82.

75. Mayo NE, Feldman L, Scott S, Zavorsky G, Kim do J, Charlebois P, et al. Impact
of preoperative change in physical function on postoperative recovery:
argument supporting prehabilitation for colorectal surgery. Surgery 2011;150:
505e14.

76. Santa Mina D, Clarke H, Ritvo P, Leung YW, Matthew AG, Katz J, et al. Effect of
total-body prehabilitation on postoperative outcomes: a systematic review
and meta-analysis. Physiotherapy 2014;100:196e207.

77. Covinsky KE, Palmer RM, Fortinsky RH, Counsell SR, Stewart AL, Kresevic D,
et al. Loss of independence in activities of daily living in older adults hospi-
talized with medical illnesses: increased vulnerability with age. J Am Geriatr
Soc 2003;51:451e8.

78. Feuering R, Vered E, Kushnir T, Jette AM, Melzer I. Differences between self-
reported and observed physical functioning in independent older adults.
Disabil Rehabil 2014;36(13):1395e401.

79. Inouye SK, Bogardus Jr ST, Baker DI, Leo-Summers L, Cooney Jr LM. The
Hospital Elder Life Program: a model of care to prevent cognitive and func-
tional decline in older hospitalized patients. Hospital Elder Life Program. J Am
Geriatr Soc 2000;48:1697e706.

80. Arora VM, Johnson M, Olson J, Podrazik PM, Levine S, Dubeau CE, et al. Using
assessing care of vulnerable elders quality indicators to measure quality of
hospital care for vulnerable elders. J Am Geriatr Soc 2007;55:1705e11.

81. Carey EC, Covinsky KE, Lui LY, Eng C, Sands LP, Walter LC. Prediction of
mortality in community-living frail elderly people with long-term care needs.
J Am Geriatr Soc 2008;56:68e75.

82. Chow WB, Rosenthal RA, Merkow RP, Ko CY, Esnaola NF, American College of
Surgeons National Surgical Quality Improvement Program, et al. Optimal
preoperative assessment of the geriatric surgical patient: a best practices
guideline from the American College of Surgeons National Surgical Quality
Improvement Program and the American Geriatrics Society. J Am Coll Surg
2012;215:453e66.

83. Makary MA, Segev DL, Pronovost PJ, Syin D, Bandeen-Roche K, Patel P, et al.
Frailty as a predictor of surgical outcomes in older patients. J Am Coll Surg
2010;210:901e8.

84. Krishnan M, Beck S, Havelock W, Eeles E, Hubbard RE, Johansen A. Predicting
outcome after hip fracture: using a frailty index to integrate comprehensive
geriatric assessment results. Age Ageing 2014;43:122e6.

85. Robinson TN, Wu DS, Stiegmann GV, Moss M. Frailty predicts increased
hospital and six-month healthcare cost following colorectal surgery in older
adults. Am J Surg 2011;202:511e4.

86. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci
2001;56:M146e56.

87. Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M, et al. Gait speed
and survival in older adults. JAMA 2011;305:50e8.

88. Afilalo J, Eisenberg MJ, Morin JF, Bergman H, Monette J, Noiseux N, et al.
Gait speed as an incremental predictor of mortality and major morbidity in
elderly patients undergoing cardiac surgery. J Am Coll Cardiol 2010;56:
1668e76.

89. Norman K, Stobaus N, Gonzalez MC, Schulzke JD, Pirlich M. Hand grip
strength: outcome predictor and marker of nutritional status. Clin Nutr
2011;30:135e42.

90. Savino E, Martini E, Lauretani F, Pioli G, Zagatti AM, Frondini C, et al. Handgrip
strength predicts persistent walking recovery after hip fracture surgery. Am J
Med 2013;126. 1068e75 e1.

91. Fiatarone MA, Marks EC, Ryan ND, Meredith CN, Lipsitz LA, Evans WJ. High-
intensity strength training in nonagenarians. Effects on skeletal muscle. JAMA
1990;263:3029e34.

92. Steffens DC, Fisher GG, Langa KM, Potter GG, Plassman BL. Prevalence of
depression among older Americans: the Aging, Demographics and Memory
Study. Int Psychogeriatr 2009;21:879e88.

93. Jones-Corneille LR, Wadden TA, Sarwer DB, Faulconbridge LF, Fabricatore AN,
Stack RM, et al. Axis I psychopathology in bariatric surgery candidates with
and without binge eating disorder: results of structured clinical interviews.
Obes Surg 2012;22:389e97.

94. de Zwaan M, Enderle J, Wagner S, Mühlhans B, Ditzen B, Gefeller O, et al.
Anxiety and depression in bariatric surgery patients: a prospective, follow-up
study using structured clinical interviews. J Affect Disord 2011;133:61e8.

95. Mossey JM, Knott K, Craik R. The effects of persistent depressive symptoms on
hip fracture recovery. J Gerontol 1990;45:M163e8.

96. De Cosmo G, Congedo E, Lai C, Primieri P, Dottarelli A, Aceto P. Preoperative
psychologic and demographic predictors of pain perception and tramadol
consumption using intravenous patient-controlled analgesia. Clin J Pain
2008;24:399e405.

97. Kehlet H, Holte K. Effect of postoperative analgesia on surgical outcome. Br J
Anaesth 2001;87:62e72.

98. American Geriatrics Society Beers Criteria Update Expert P. American Geri-
atrics Society updated Beers Criteria for potentially inappropriate medication
use in older adults. J Am Geriatr Soc 2012;60:616e31.

99. Leung JM, Sands LP, Mullen EA, Wang Y, Vaurio L. Are preoperative depressive
symptoms associated with postoperative delirium in geriatric surgical pa-
tients? J Gerontol A Biol Sci Med Sci 2005;60:1563e8.

100. Givens JL, Jones RN, Inouye SK. The overlap syndrome of depression and
delirium in older hospitalized patients. J Am Geriatr Soc 2009;57:1347e53.

101. Saltzman E, Anderson W, Apovian CM, Boulton H, Chamberlain A, Cullum-
Dugan D, et al. Criteria for patient selection and multidisciplinary evaluation
and treatment of the weight loss surgery patient. Obes Res 2005;13:234e43.

102. Auerbach AD, Vittinghoff E, Maselli J, Pekow PS, Young JQ, Lindenauer PK.
Perioperative use of selective serotonin reuptake inhibitors and risks for
adverse outcomes of surgery. JAMA Intern Med 2013;173:1075e81.

103. Rosenberger PH, Jokl P, Ickovics J. Psychosocial factors and surgical outcomes:
an evidence-based literature review. J Am Acad Orthop Surg 2006;14:397e405.

104. Mavros MN, Athanasiou S, Gkegkes ID, Polyzos KA, Peppas G, Falagas ME. Do
psychological variables affect early surgical recovery? PLoS One 2011;6:
e20306.

105. Plassman BL, Langa KM, Fisher GG, Heeringa SG, Weir DR, Ofstedal MB, et al.
Prevalence of dementia in the United States: the aging, demographics, and
memory study. Neuroepidemiology 2007;29:125e32.

106. Moye J, Karel MJ, Gurrera RJ, Azar AR. Neuropsychological predictors of
decision-making capacity over 9 months in mild-to-moderate dementia. J Gen
Intern Med 2006;21:78e83.

107. Marcantonio ER, Goldman L, Mangione CM, Ludwig LE, Muraca B,
Haslauer CM, et al. A clinical prediction rule for delirium after elective
noncardiac surgery. JAMA 1994;271:134e9.

108. Murray AM, Levkoff SE, Wetle TT, Beckett L, Cleary PD, Schor JD, et al. Acute
delirium and functional decline in the hospitalized elderly patient. J Gerontol
1993;48:M181e6.

109. Marcantonio ER, Flacker JM, Michaels M, Resnick NM. Delirium is indepen-
dently associated with poor functional recovery after hip fracture. J Am Geriatr
Soc 2000;48:618e24.

110. House JS, Landis KR, Umberson D. Social relationships and health. Science
1988;241:540e5.

111. Redmann AJ, Brasel KJ, Alexander CG, Schwarze ML. Use of advance directives
for high-risk operations: a national survey of surgeons. Ann Surg 2012;255:
418e23.

112. Burkle CM, Swetz KM, ArmstrongMH, KeeganMT. Patient and doctor attitudes
and beliefs concerning perioperative do not resuscitate orders: anesthesiolo-
gists' growing compliance with patient autonomy and self determination
guidelines. BMC Anesthesiol 2013;13:2.

113. Swetz KM, Mueller PS, Ottenberg AL, Dib C, Freeman MR, Sulmasy DP. The use
of advance directives among patients with left ventricular assist devices. Hosp
Pract (1995) 2011;39:78e84.

114. Hammes BJ, Rooney BL, Gundrum JD, Hickman SE, Hager N. The POLST pro-
gram: a retrospective review of the demographics of use and outcomes in one
community where advance directives are prevalent. J Palliat Med 2012;15:
77e85.

115. Lepor H. Managing and preventing acute urinary retention. Rev Urol
2005;7(Suppl. 8):S26e33.

116. O'Connor PG, Schottenfeld RS. Patients with alcohol problems. N Engl J Med
1998;338:592e602.

117. Nath B, Li Y, Carroll JE, Szabo G, Tseng JF, Shah SA. Alcohol exposure as a risk
factor for adverse outcomes in elective surgery. J Gastrointest Surg 2010;14:
1732e41.

118. McGill UniversitydWhat is Prehabilitation [Internet]. Available from: http://
www.mcgill.ca/peri-op-program/patient-information/what-prehabilitation;
2014 [accessed 26.08.14].

119. Batsis JA, Phy MP, Melton 3rd LJ, Schleck CD, Larson DR, Huddleston PM, et al.
Effects of a hospitalist care model on mortality of elderly patients with hip
fractures. J Hosp Med 2007;2:219e25.

120. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness in the
aged. The index of ADL: a standardized measure of biological and psychoso-
cial function. JAMA 1963;185:914e9.

121. Lawton MP, Brody EM. Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontologist 1969;9:179e86.

122. Marcantonio ER, Flacker JM, Wright RJ, Resnick NM. Reducing delirium after
hip fracture: a randomized trial. J Am Geriatr Soc 2001;49:516e22.

123. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of obesity among adults:
United States, 2011e2012. NCHS Data Brief 2013;131:1e8.

http://refhub.elsevier.com/S2210-8335(15)00002-7/sref68
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref68
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref68
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref68
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref68
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref69
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref69
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref69
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref69
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref69
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref70
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref70
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref70
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref71
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref71
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref71
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref72
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref72
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref72
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref72
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref73
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref73
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref73
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref73
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref73
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref73
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref74
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref74
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref74
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref74
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref75
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref75
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref75
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref75
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref75
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref76
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref76
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref76
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref76
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref77
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref77
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref77
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref77
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref77
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref78
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref78
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref78
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref78
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref79
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref79
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref79
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref79
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref79
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref80
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref80
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref80
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref80
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref81
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref81
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref81
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref81
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref82
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref82
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref82
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref82
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref82
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref82
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref82
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref83
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref83
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref83
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref83
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref84
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref84
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref84
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref84
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref85
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref85
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref85
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref85
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref86
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref86
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref86
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref86
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref87
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref87
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref87
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref88
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref88
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref88
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref88
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref88
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref89
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref89
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref89
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref89
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref90
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref90
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref90
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref90
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref91
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref91
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref91
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref91
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref92
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref92
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref92
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref92
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref93
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref93
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref93
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref93
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref93
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref94
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref94
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref94
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref94
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref95
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref95
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref95
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref96
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref96
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref96
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref96
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref96
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref97
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref97
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref97
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref98
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref98
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref98
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref98
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref99
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref99
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref99
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref99
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref100
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref100
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref100
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref101
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref101
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref101
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref101
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref102
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref102
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref102
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref102
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref103
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref103
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref103
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref104
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref104
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref104
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref105
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref105
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref105
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref105
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref106
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref106
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref106
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref106
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref107
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref107
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref107
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref107
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref108
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref108
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref108
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref108
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref109
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref109
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref109
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref109
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref110
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref110
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref110
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref111
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref111
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref111
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref111
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref112
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref112
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref112
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref112
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref113
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref113
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref113
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref113
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref114
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref114
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref114
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref114
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref114
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref115
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref115
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref115
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref116
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref116
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref116
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref117
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref117
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref117
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref117
http://www.mcgill.ca/peri-op-program/patient-information/what-prehabilitation
http://www.mcgill.ca/peri-op-program/patient-information/what-prehabilitation
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref119
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref119
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref119
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref119
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref121
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref121
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref121
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref121
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref122
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref122
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref122
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref123
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref123
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref123
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref120
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref120
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref120
http://refhub.elsevier.com/S2210-8335(15)00002-7/sref120

	Evaluation of older Adults with obesity for bariatric surgery: Geriatricians' perspective
	1. Introduction
	2. Risks and benefits of intentional weight loss in older adults
	3. Nonsurgical weight loss strategies
	4. Bariatric surgery
	4.1. Short-term outcomes (<1 year)
	4.2. Longer-term outcomes (﹥1 year)

	5. Comprehensive geriatric preoperative assessment
	5.1. Assessment of frailty
	5.2. Depression
	5.3. Cognitive assessment
	5.4. Social support/discharge planning

	6. Other geriatric-specific preoperative considerations
	6.1. Advanced care planning
	6.2. Genitourinary system
	6.3. Polypharmacy and iatrogenic complications
	6.4. Alcohol and illicit drugs

	7. Patient selection
	8. Conclusion
	Conflicts of interest
	Acknowledgments
	References


