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Body Mass Index as a Correlate of Postoperative
Complications and Resource Utilization

Eric J. Thomas, MD, MPH, Boston, Massachusetts, Lee Goldman, MD, San Francisco, California,

Carol M. Manglone MD MSPH Los Angeles, California, Edward R. Marcantonlo MD, SM, Boston, Massachusetts,
E. Francis Cook, ScD, Boston Massachusetts, Lynn Ludwig, RN, MSN, Boston, Massachusetts,

David Sugarbaker MD Boston, Massachusetts, Robert Poss, MD Boston, Massachusetts,

Magruder Donaldson, MD, Boston, Massachusetts, Thomas H. Lee, MD, MSc, Boston, Massachusetts

PURPOSE: To describe the relationship of body
mass index (BMI) with postoperative
complications and resource utilization.

PATIENTS AND METHODS: Two thousand nine
hundred and sixty-four patients 50 years or
older undergoing elective noncardiac surgery
with an expected length of stay =2 days were
enrolled in a prospective cohort study to
measure major cardiac complications,
noncardiac complications, length of stay, and
costs. The setting was an urban teaching
hospital. A preoperative history, physical,
electrocardiogram (ECG), and chart review were
performed by study personnel. Postoperative
complications were detected by ECGs, creatine
kinase and creatine kinase MB levels, and daily
chart review. Total costs were obtained from
the hospital's computerized database.

RESULTS: Complication rates were not different
among BMI groups {underweight <20, normal
20 to 29, overweight 30 to 34, most overweight
>34}, but patients with BMI 30 to 34 and >34
who underwent abdominal or gynecologic
procedures had significantly higher wound
infection rates (11% each) than normal weight
patients (4.7%) or the underweight (0%). After
adjusting for age, race, gender, smoking
history, comorbid diseases, procedure type, and
insurance status, there were nonsignificant
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trends toward increased resource utilization by
the most overweight patients (BMI >34). These
patients stayed 0.8 days longer (P = 0.13) and
had total costs that were $843 higher (P =
0.17) than patients of normal weight (BMI 20 to
29). The underweight patients stayed 0.9 days
longer (P = 0.23) and had total costs that were
$3,150 higher (P = 0.04) than patients of
normal weight. Quadratic models to test for a U-
shaped relationship found no correlation
between BMI and length of stay, but did find
that BMI was significantly correlated with total
costs (P = 0.04). This relationship persisted
when patients who had complications were
excluded from the analysis.

CONcLUsIONS: Overall, BMI was not significantly
correlated with postoperative complications or
length of stay. However, overweight patients
who underwent abdominal or gynecologic
procedures had higher wound infection rates,
and patients with the highest and lowest BMIs
had significantly higher adjusted total costs. Am
J Med. 1997;103: 277-283. © 1997 by
Excerpta Medica, Inc.

Being overweight, which affects more than one
quarter of the US adult population, increases the
risk for coronary artery disease, hypertension, dia-
betes, and other medical diseases.'” However,
whether being overweight increases the risk for
postoperative complications in the 25 million pa-
tients® undergoing noncardiac surgery each year is
less clear.* Some data suggest that overweight pa-
tients have a higher rate of postoperative complica-
tions and that preoperative weight loss may be ben-
eficial,*> but other data do not support this
conclusion.’” In contrast, research on malnourished
underweight patients has shown that they have
higher risks for postoperative complications and that
nutritional support may improve outcomes for the
severely malnourished.®?

Length of stay and costs are indirect markers for
postoperative complications and an important out-
come for physicians and institutions trying to im-
prove their efficiency. Nevertheless, there are almost
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no data on the effect of body weight on postopera-
tive resource use. One small study from our institu-
tion suggested that extremely over and underweight
patients had increased postoperative resource use
after total hip and knee replacement surgery.*

To test the hypothesis that body weight, as mea-
sured by body mass index (BMI, weight in kilograms
divided by height in meters squared) is correlated
with postoperative complications and resource uti-
lization, we analyzed detailed prospective clinical
data from a large cohort of patients undergoing ma-
jor elective noncardiac surgery.

METHODS

Subjects

All patients 50 years or older undergoing elective
noncardiac surgery with an expected length of stay
=2 days were eligible for the study. These criteria
were used to enroll a population with a relatively
high risk of postoperative complications. Patients
who had more than one major elective procedure
during their admission were excluded from this anal-
ysis. Of 180 surgeons contacted, 178 (99%) gave per-
mission to the investigators to approach their pa-
tients for participation in the study. During the study
period (November 1, 1990 to September 10, 1993),
80% of the patients eligible for enrollment were ap-
proached. On days of high surgical volume, study
personnel were unable to approach all eligible pa-
tients. Because eligible patients were selected from
the hospital’'s surgical schedule (which listed only
name, medical record number, age, surgeon, and
procedure), study personnel could not have selec-
tively enrolled patients based on their comorbid ill-
nesses or BMIL

Of 3,139 patients who were approached, 391 de-
clined to participate in the full study protocol, which
included collection of health status data not used in
this report. However, sufficient clinical data were
available from the medical record for 216 of these
patients to allow their inclusion in this analysis. The
175 patients who were excluded had statistically sig-
nificant differences, but not clinically significant dif-
ferences in BMI (24.4 =5.0 versus 26.2 + 50, P =
0.0001). They had similar ages (67.6 = 9 versus 66.9
=+ 10 for those included in the analysis, P = 0.3), but
nonconsenters were more likely to be male (57% [n
= 100] versus 47% [n = 1400], P = 0.001), nonwhite
(28% [n = 49] versus 6% [n = 192}, P = 0.001), and
they were more likely to have more than one co-
morbid illness (72% [n = 126] versus 65% [n = 1935],
P = 0.004). These 175 nonconsenters had longer
lengths of stay (10.8 + 11 days versus 8.0 + 8 days,
P <0.0001), but a trend toward fewer noncardiac
complications (8.0% versus 12.9%, P = 0.06 ) The
study protocol was approved by the institutional re-
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view board, and informed consent was obtained
prior to enrollment.

Data Collection

A history, physical examination, electrocardio-
gram (ECG), and chart review were performed by
study personnel preoperatively. Data recorded in-
cluded the cardiac history, medical comorbidities,
medications, smoking history, physical examination
findings, and ECG results.

Height and weight were obtained by patient self
report or by measurement on hospital scales. In
other studies, the correlation between self reported
and measured height and weight was greater than
0.95.1%12 BMI was used as the measure of body
weight, and based on published recommendations
was categorized as follows: less than 20, 20 to 29, 30
to 34, and greater than 34."3

Data to determine the presence of comorbid dis-
eases were obtained from preoperative interviews,
chart review, and ECGs. The comorbid diseases
were defined as follows: coronary artery disease—
history of myocardial infarction or angina, or Q
waves on the preoperative ECG; congestive heart
failure—history of congestive heart failure or car-
diac pulmonary edema, or a third heart sound on
physical examination; hypertension—history of hy-
pertension; diabetes—history of diabetes and taking
a oral hypoglycemic or insulin; cerebrovascular ac-
cident—history of stroke; peripheral vascular dis-
ease—history of peripheral vascular disease; pul-
monary disease—history of chronic obstructive
pulmonary disease or asthma,; chronic renal insuffi-
ciency—history of chronic renal insufficiency; renal
failure requiring dialysis; chronic liver disease—his-
tory of chronic liver disease; arthritis—history of os-
teoarthritis or rheumatoid arthritis; and cancer—his-
tory of solid tumor, lymphoma, or leukemia.

Intraoperative data were obtained from the anes-
thesia flow sheets and surgeons’ notes. The followup
protocol included measuring creatine kinase (CK)
and CK-MB levels in the recovery room, on the night
of surgery, and on the first 2 postoperative days if
the patient remained hospitalized; and an ECG in the
recovery room and on postoperative days 3 and 5.
Charts were reviewed daily by study personnel for
the occurrence of complications.

Classification of Outcomes

The presence or absence of cardiac complications
was determined by a reviewer who was blinded to
preoperative clinical data. This reviewer used post-
operative clinical data including copies of relevant
ECGs and other records. “Major cardiac complica-
tions” were defined as the occurrence of any of the
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following in the hospital during or after the surgery:
(1) cardiac death; (2) acute myocardial infarction;
(3) pulmonary edema; (4) ventricular fibrillation; or
(5) complete heart block. Criteria for perioperative
myocardial infarction included: (1) new Q wave of
greater than or equal to 0.04 seconds long; (2) CK-
MB levels greater than 5% of an elevated total CK
with a typical rise and fall in CK-MB levels; or (3)
CK-MB levels greater than 3% of an elevated total CK
in the setting of ECG changes consistent with isch-
emia. Pulmonary edema was classified as present if
the radiologist used this term in the official chest x-
ray reading and there was a consistent physical ex-
amination. Major noncardiac complications in-
cluded: (1) pulmonary embolism documented by
autopsy, angiography or a high probability ventila-
tion-perfusion scan; (2) respiratory failure requiring
intubation for =2 days or reintubation; (3) noncar-
diac pulmonary edema,; (4) lobar pneumonia con-
firmed by chest x-ray and requiring antibiotic ther-
apy; (5) acute renal failure requiring dialysis; or (6)
cerebrovascular accident with new neurologic defi-
cits.

Other complications were detected by daily chart
review and defined as follows: Wound infection:
wound erythema or purulent discharge noted in the
chart requiring treatment with antibiotics or surgical
drainage; urinary tract infection: the presence of a
positive urine culture; decubitus ulcer: the presence
of skin breakdown noted in the chart by physicians
or nurses; and deep venous thrombosis: the presence
of thrombosis documented by doppler ultrasonog-
raphy or venogram.

Postoperative length of stay was calculated from
the collected data, and cost estimates were calcu-
lated using charge-to-cost ratios for specific cost
centers from the hospital’s computerized data base.
Total costs were measured beginning on the day of

surgery.

Statistical Analysis

Statistical analyses were performed using SAS
software (SAS Institute Inc, Cary, North Carolina).
Frequency distributions were determined for all vari-
ables and categorized by BMI. Significant differences
in the distribution of variables (including postoper-
ative complications) by BMI were said to exist if the
two-tailed P value was <0.05 as determined by chi-
square test for association or Fisher’s exact test for
categorical variables, or the Kruskal Wallis test for
non-normal multicategory continuous variables.

To determine its relationship with total costs, BMI
was entered as a quadratic function in multiple linear
regression models. A quadratic function was chosen
for BMI because of the suspected U-shaped relation-
ship of this variable with total cost. The model also
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included the potential confounders age (entered as
a continuous variable), race, gender, insurance
status, smoking history (current, past, never), co-
morbid diseases, and procedures.

To adjust for the effect of procedure on total costs,
each type of procedure was represented by an indi-
cator variable in the multivariate model: back and
neck surgeries; orthopedic procedures including
joint replacements, joint fusions, amputations, and
other orthopedic surgery; abdominal aortic aneu-
rysm repair; other vascular procedures; abdominal
procedures, including biliary, intestinal, gastric,
splenic, pancreatic, and exploratory surgery; urol-
ogic procedures, including cystectomy, nephrec-
tomy, prostatectomy, and transurethral prostatec-
tomy; gynecologic procedures, including vaginal and
abdominal hysterectomy, rectocele repair, and cys-
tocele repair; thoracic procedures including esopha-
gectomy, pneumonectomy, lobectomy, thorascopic
wedge resection, and other thoracic procedures; and
“other” procedures including mastectomy, lumpec-

tomy, thyroidectomy, parathyroidectomy, skin
grafts, hernia repair, craniotomy, and other general
surgery.

The relationship between length of stay and BMI
was also analyzed with BMI as a quadratic func-
tion. The model also included the potential con-
founders age (entered as a continuous variable),
race, gender, insurance status, smoking history
(current, past, never), and comorbid diseases. To
adjust for the effect of procedure on length of stay,
the 1991 national average length of stay'‘for the
diagnosis related group (DRG) without complica-
tions associated with the patient’s primary proce-
dure was subtracted from that patient’s actual
length of stay to calculate a patient-specific out-
come variable called “deviation from mean DRG
length of stay.”

The significance of the conditional relationship of
BMI (expressed as a quadratic function) to either of
these outcomes was tested using a partial F-test.

Two other linear regression models were used to
test for a relationship between BMI and length of
stay and total costs. Each of these models had the
same independent variables described above, but in-
stead of entering BMI as a quadratic function, it was
grouped into the four categories described above.
Two comparisons were made in each model using a
least-squares means procedure: First, we compared
total costs and length of stay for the average patient
in the BMI 20 to 29 category (normal weight) and the
BMI >34 category (most overweight); second, we
made the same comparison for the average patient
in the BMI 20 to 29 category and the BMI <20 cate-
gory (underweight). Because total costs and length
of stay were not normally distributed, they were con-
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TABLE |
Patient Characteristics By Body Mass Index
Body Mass Index
Variable <20 20-29 30-34 >34 PValue*
Number of Subjects 234 (8%) 2202 (74%) 368 (12%) 160 {6%)
Mean age + SD 68 + 10 67 +9 66 =8 64 £ 8 0.0001
Sex
Female 164 (70%) 1087 (49%) 186 (51%) 109 (68%) <0.0001
Race
Caucasian 220 (94%) 2073 (94%) 336 (91%) 143 (89%) 0.03
Insurance
Private 172 (74%) 1706 (77%) 263 (71%) 103 (64%) <0.0001
HMO 41 (17%) 327 (15%) 71 (19%) 32 (20%) 0.06
Medicare only 15 (6%) 111 (5%) 23 (6%) 18 (11%) 0.009
Other 6 (3%) 58 (3%) 11 (3%) 7 (4%) 0.6
Comorbid Diseases
Degenerative joint disease 57 (24%) 538 (24%) 81 (22%) 46 (29%) 0.4
Hypertension 77 (33%) 919 (42%) 191 (52%) 97 (61%) <0.0001
Cancer 42 (18%) 363 (16%) 56 (15%) 25 (16%) 0.8
Coronary artery disease 58 (25%) 648 (29%) 109 (30%) 46 (29%) 0.5
Peripheral vascular disease 11 (5%) 88 (4%) 11 (3%} 6 (4%) 0.73
Diabetes 12 (5%) 186 (8%) 45 (12%) 33 (21%) <0.0001
Emphysema/Asthma 39 (17%) 287 (13%) 47 (13%) 23 (14%) 0.4
Congestive Heart Failure 23 (10%) 143 (6%) 19 (5%) 9 (6%) 0.14
Stroke 10 (4%) 114 (5%) 18 (5%) 7 (4%) 0.9
Liver Disease 5 (2%) 16 (1%) 3 (1%) 0 (0%} 0.08
Renal failure 0 6 (<1%) 0 1(<1%) 0.5
Smoking History
Never 77 (33%) 770 (35%) 144 (39%) 60 (37%)
Past 90 (38%) 1093 (50%) 172 (47%) 79 (49%)
Current 67 (29%) 339 (15%) 52 (14%) 21 (13%) <0.0001
Procedures
Orthopedic 50 (21%) 632 (29%) 161 (44%) 67 (42%) <0.0001
Abdominal 34 (14%) 249 (11%) 40 (11%) 19(12%) 0.5
Thoracic 43 (18%) 293 (13%) 37 (10%) 8 (5%) <0.0001
Urologic 8 (3%) 221 (10%) 31 (8%) 13 (8%) 0.009
Gynecologic 16 (7%) 110 (5%) 12 (3%) 16 (10%) 0.008
Vascular 41 (17%) 321 (15%) 32 (9%) 13 (8%) 0.001
Back and Neck 7 (3%) 109 (5%) 17 (5%) 9 (6%) 0.6
Abdominal Aneurysm Repair 13 (6%) 112 (5%) 12 (3%) 5 (3%) 0.3
Other 16 (9%) 120 (7%) 21 (7%) 7 (6%) 0.7
*Chi-square test for association or Kruskall Wallis test.

verted to a log scale for parametric statistical anal-
yses. '

RESULTS

Patient Population

The group was predominantly elderly (mean +SD
age 6749 years), white (94%), and privately insured
(76% indemnity, 16% HMO). Common comorbid dis-
eases included hypertension (43%), coronary artery
disease (29%), degenerative joint disease (24%), and
malignancy (16%). When categorized by BMI, the
most overweight (BMI >34) were younger, and more
likely to be female and nonwhite; they were less
likely to have private insurance or to smoke, and
they were more likely to have hypertension and di-
abetes.

280
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The most common procedures were orthopedic
operations (38%). Of these 910 orthopedic proce-
dures, 340 were total hip replacements, and 402 were
total knee replacements. When categorized by BMI,
the most overweight were more likely to have ortho-
pedic and gynecologic procedures and less likely to
have thoracic or vascular procedures. (Table I).

Postoperative Complications

The complication rates were low in the cohort as
a whole and in all categories of BMI (Table II).
There were no statistically significant differences in
complication rates among the body mass groups.
Compared with normal weight patients (BMI 20 to
29), the most overweight patients (BMI >34) had sta-
tistically nonsignificant trends toward increased un-
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TABLE |
Complications By Body Mass Index
Body Mass Index Relative Risk for BMI >34
All Compared to BMi 20-29
Complication Subjects <20 20-39 30-34 >34 (95% CI)
N = 2964 234 2202 368 160
Cardiac 64 (2%) 6 (3%) 46 (2%) 6 (2%) 6 (4%) .81(0.8, 4.1)
Wound Infection 77 (3%) 5 (2%) 53 (2%) 13 (3%) 6 (4%) 1.6(0.7,3.7)
Pneumonia 20 (1%) 1(<1%) 17 (1%) 2 (<1%) 0
Urinary Tract Infection 52 (2%} 3(1%) 42 (2%) 6 (2%) 1{1%) 0.3(0.4,2.4)
Decubitus Ulcer 15 (<1%) 2{(1%) 9 (<1%) 2 (1%) 2 (1%) 3.1(0.7, 14.4)
Deep Venous Thrombosis 26 (1%) 1(<1%) 19 (1%) 4 (1%) 2(1%) 1.4(0.3,6.2)
Puimonary Embolism 5 (<1%) 0 3{<1%) 2 {<1%) 0
Stroke 14 (<1%) 0 14 (1%) 0 0
Renal Failure 7 (<1%) 0 6 (<1%) 0 1{<1%) 2.3(0.3,19.0
Respiratory Failure 33 (1%) 2 (1%) 23(1%) 5 (1%) 3(2%) 1.8(0.5,5.9)
Noncardiac Pulmonary edema 0 1 0 0 0
Death 16 (<1%) 2 (<1%) 12 (<1%) 1 (<1%) 1 (<1%) 1.1(0.1, 8.8
Total* 267 (14%)  18(8%) 197 (9%) 35 (9%) 17 (11%) 1.2(0.7,1.9)
*The sums of the columns do not equal the totals because some patients had more than one complication.

Days

Reference Group .

<20 20-29 30-34 >34

Body Mass Index

Figure 1. Deviation from average diagnosis related group length of
stay (adjusting for age, race, gender, comorbid diseasses, insurance,
and smoking history). The Pe value is for the comparison of body
mass index 20 to 29 to >34 and 20 to 29 to <20.

Reference Group

Thousands of dollars

<20

20-29
Body Mass Index

3034 >34

Figure 2. Total costs (adjusted for procedure, age, race, gender,
comorbid diseases, insurance, and smoking history). The P value is
for the comparison of body mass index 20 to 29 to >34 and 20 to
29 to <20.

adjusted relative risks for 7 of the 11 complications:
major cardiac complications, death, wound infec-
tions, decubitus ulcers, deep venous thromboses,
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renal failure, and respiratory failure. Patients with
BMI 30 to 34 and >34 who underwent abdominal
or gynecologic procedures had wound -infection
rates of 11% each. These rates were significantly
higher than normal weight patients (4.7%) or the un-
derweight (0%).

Postoperative Resource Utilization

The unadjusted mean length of stay (+SD) for the
entire patient population was 8.0 + 8 days. In models
adjusting for age, race, gender, comorbidity, smok-
ing history, and insurance status, patients of normal
weight stayed 1.1 days less than the national average
for the DRG associated with their procedure, and
patients with BMI >34 (the most overweight) stayed
0.3 days less than the national average for the DRG
for this procedure. Therefore, the most overweight
stayed 0.8 days longer than patients of normal weight
(P=0.13) (Figure 1). Patients with BMI <20 (under-
weight) stayed 0.2 days less than the national aver-
age for their DRG compared to normal weight pa-
tients who stayed 1.1 days less. Therefore, the
underweight patients stayed 0.9 days longer than
normal weight patients (P = 0.23) (Figure 1). A
model with BMI as a quadratic function found no
significant relationship between BMI and length of
stay (P = 0.58).

After adjusting for procedure, age, race, gender,
comorbidity, smoking history, and insurance status,
patients with a BMI >34 had total costs that were
$843 higher than patients with a BMI of 20 to 29 (P
= (0.17), and patients with a BMI <20 had total costs
that were $3,151 dollars higher (P = 0.04) (Figure 2).
A model with BMI as a quadratic function found a
significant relationship between BMI and total costs
(P = 0.04). This relationship remained significant af-
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ter excluding all patients who had a complication (P
= 0.01).

Discussion

Our study of patients undergoing major elective
noncardiac surgery found no difference in compli-
cation rates among the four BMI groups. After ad-
justing for age, race, gender, smoking history, co-
morbid diseases, procedure, and insurance status,
the most overweight patients (BMI >34) and the un-
derweight patients (BMI <20) had statistically insig-
nificant increases in postoperative lengths of stay.
Total costs were higher only for the underweight pa-
tients. When BMI was entered as a quadratic func-
tion to test if the relationship between BMI and
length of stay and total costs was U-shaped, BMI was
significantly related only to total costs, with under-
weight and overweight patients having higher costs.

The most overweight group (BMI >34) had a
mean BMI of 40.5 = 5 for women, and 38.1 * 3 for
men. To attain these BMIs, an average height woman
(5’4, 1.6 meters) would weigh 238 pounds (107 kil-
ograms, 82% above ideal body weight), and an av-
erage height man (59”7, 1.7 meters) would weigh 244
pounds (110 kilograms, 61% above ideal body
weight). The mean BMI for the underweight group
(BMI <20) was 18.2 +1.7 for women and 18.5 + 1.5
for men. To attain these BMIs, an average height
woman would weigh 103 pounds (46 kilograms, 21%
below ideal body weight) and an average height man
would weigh 119 pounds (54 kilograms, 21% below
ideal body weight).

Previous studies of overweight patients undergo-
ing noncardiac surgery have reported higher mortal-
ity rates,’® wound infection rates,'*'® respiratory com-
plications,'*® and thromboembolic complications, %
but most of these studies were limited by small sam-
ple sizes, and failure to adjust for the type of pro-
cedure or comorbid diseases. Two more recent ar-
ticles on the topic*® also suggest that overweight
patients have an increased risk of postoperative com-
plications. These papers even recommend weight loss
prior to surgery but neither cite evidence to support
this view. In fact, one of these papers also concludes
that surgery should not be denied based on weight
alone.’ Other studies and literature reviews suggest
that the overweight patient is not at higher risk,%’
and our study lends support to this conclusion.

Many of the studies suggesting higher complica-
tion rates were of overweight patients undergoing
abdominal or gynecologic procedures. Overall, we
found no significant increases in complication rates
for the most overweight group (BMI >>34) when
compared to normal weight patients. The 87 over-
weight patients (BMI >30) who had abdominal or
gynecologic procedures had no pneumonias or pul-
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monary ermboli. Furthermore, there was only 1 deep
venous thrombosis in the 30 to 34 group. However,
patients with BMI 30 to 34 and >34 undergoing ab-
dominal or gynecologic procedures had wound in-
fection rates of 11% each. These rates were signifi-
cantly higher than normal weight patients (4.7%) or
the underweight (0%).

Although overall complication rates and lengths of
stay for the most overweight group were not higher
than the rates for normal weight patients, we did find
a significant U-shaped relationship between BMI and
total costs. This relationship persisted after exclud-
ing all patients who had complications suggesting
that other factors may be causing the increased
costs. For example, it is possible that the number of
complications is not significantly greater in under-
weight or the most overweight patients, but the most
over and underweight patients had increased total
costs because more resources were expended on
these groups to prevent complications. The in-
creased prevalence of certain comorbid diseases in
the over- and underweight patients could also have
increased costs, even though we attempted to adjust
for comorbidity in our analysis.

Low complication rates were also found in a study
of 3,174 overweight patients who had surgery
(mostly vertical banded gastroplasty or roux gastric
bypass) as a treatment for obesity: 0.35% had deep
venous thrombosis, 4.5% had respiratory complica-
tions, 1.6% had wound infection, 0.03% had pulmo-
nary embolism, and 0.41% had cardiac complica-
tions.® Although the patients in that study were
relatively young and healthy, and none of our pa-
tients underwent those specific procedures, it indi-
rectly supports our finding that overweight patients
can be operated on with low overall risk.

Research on malnourished underweight patients
suggests that they are at higher risk for postoperative
complications.?® Our underweight patients had non-
significant trends towards higher rates of cardiac
complications and decubitus ulcers. The overall
complication rate for these patients may have been
lower than expected because they were not neces-
sarily malnourished.

Although this is one of the largest cohorts of elective
noncardiac surgery patients to be described, the
power of our analyses was limited by small sample
sizes for the most overweight and the underweight
groups and our low complication rates. When com-
paring the normal weight to the most overweight pa-
tients, we had 80% power to detect a $4,100 increase
in total costs, a 1.6 day increase in length of stay, and
a 1.8 relative risk for all complications between the
most overweight and normal weight patients. Fur-
thermore, this was a study of relatively healthy pa-
tients undergoing a variety of elective procedures.
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Our results may not be generalizable to patients with
more comorbid diseases, patients having nonelective
or ambulatory surgeries, or to some specific surgical
procedures. Although we adjusted for the effect of
procedure on length of stay and total costs in mul-
tivariate models, it is possible that a different mix of
procedures undergone by patients of differing BMIs
may have confounded the relationship between BMI,
length of stay, and total costs. Also, we did not adjust
for severity of the underlying ilinesses for which the
procedures were performed.

While not affecting the validity of our conclusions
for this cohort, our observation that nonconsenters
had more comorbid illnesses and longer lengths of
stay reinforces the importance of limiting the gener-
alizability of this study to patients with similar char-
acteristics. Generalizability is also limited by the pos-
sibility that surgeons and anesthesiologists selected
relatively healthy overweight patients to have elec-
tive surgery.

The findings in this report nevertheless have im-
plications for physicians, patients, and policy mak-
ers. Even if there is more resource use and an in-
creased risk for complications in the overweight or
underweight, the absolute differences are small,
lower than what many physicians might expect, and
probably confined to patients with a BMI >34 and
<20. These data suggest that being overweight or
underweight itself is not a reason to deny elective
noncardiac surgery. It is known that the malnour-
ished underweight patient is at risk for poor out-
comes, but more research is necessary to determine
which, if any, subpopulations of overweight patients
are at a substantially higher risk for postoperative
complications.
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