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Abstract
Study Design—Analysis of the National Inpatient Sample database from 2000 to 2008.

Objective—To identify if metabolic syndrome is an independent risk factor for increased major
perioperative complications, cost, length of stay and non-routine discharge.

Summary of Background Data—Metabolic syndrome is a combination of medical disorders
that has been shown to increase the health risk of the general population. No study has analyzed its
impact in the perioperative spine surgery setting.

Methods—We obtained the National Inpatient Sample from the Hospital Cost and Utilization
Project for each year between 2000 and 2008. All patients undergoing primary posterior lumbar
spine fusion were identified and separated into groups with and without metabolic syndrome.
Patient demographics and health care system related parameters were compared. The outcomes of
major complications, non-routine discharge, length of hospital stay and hospitalization charges
were assessed for both groups. Regression analysis was performed to identify if the presence of
metabolic syndrome was an independent risk factor for each outcome.

Results—An estimated 1,152,747 primary posterior lumbar spine fusion were performed
between 2000 and 2008 in the US. The prevalence of metabolic syndrome as well as the
comorbidities of the patients increased significantly over time. Patients with metabolic syndrome
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had significantly longer length of stay, higher hospital charges, higher rates of non-routine
discharges and increased rates of major life-threatening complications compared to patients
without metabolic syndrome.

Conclusion—Patients with metabolic syndrome undergoing primary posterior lumbar spinal
fusion represent an increasing financial burden on the health care system. Clinicians should
recognize that metabolic syndrome represents a risk factor for increased perioperative morbidity.
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Introduction
Metabolic syndrome (MetS) refers to a combination of medical disorders that increase the
risk for cardiovascular morbidity and mortality.1,2 While exact definitions vary, the presence
of obesity, hypertension, dyslipidemia and diabetes are components contributing to this
disease complex.3–5 Risk factors for the development of this syndrome have been quoted to
include old age, a sedentary lifestyle, and genetic predisposition.6

Studies have linked the presence of the MetS to increased health risks in the general
population, however research evaluating its impact in the perioperative setting is sparse.7 In
particular, there is a paucity of information on perioperative outcomes in patient with MetS
undergoing primary posterior lumbar spine fusion (PSF), a procedure that is becoming
increasingly popular.8

We therefore sought to elucidate the epidemiology and perioperative impact of MetS in
patients undergoing PSF utilizing nationally representative data collected for the largest all
payer inpatient database in the United States, the National Inpatient Sample (NIS).

We hypothesized that MetS would be a risk factor for perioperative complications as well as
increased cost, length of stay and non-routine discharge.

Materials and Methods
Data Source

NIS data files were commercially obtained from the Hospital Cost and Utilization Project
(HCUP) and analyzed for this study. The NIS represents the largest all payer inpatient
discharge database in the United States and is sponsored by the Agency for Healthcare
Research and Quality (AHRQ). Detailed information on the NIS design can be accessed
electronically.9,10 Recognizing its utility to answer valuable clinical questions, a large
number of studies addressing issues across the spectrum of medical specialties have been
published using the NIS.

Selection of Study Sample and Statistical Methods—Our study sample consists of
all data in the NIS for each year between 2000 and 2008. Entries indicating the performance
of primary posterior lumbar spine fusion were identified using International Classification of
Diseases- 9th revision-Clinical Modification (ICD-9-CM) (81.08). Those listing additional
spinal procedures were excluded. Entries with metabolic syndrome (MetS) were defined as
those with at least three out of the four following comorbidities: obesity, hypertension,
diabetes mellitus and dyslipidemia. This definition was chosen to approximate the definition
published by the US National Cholesterol Education Program Adult Treatment Panel III.5

Comorbidities were defined by ICD-9-CM diagnosis codes and the Clinical Classifications
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Software for Services and Procedures (CCSSP) provided by the AHRQ11 (i.e obesity,
hypertension, diabetes mellitus) and appropriate ICD-9-codes (dyslipedemia: ICD-9-CM
272)

Patient characteristics were compared between entries with and without MetS (table 1).
Patient demographics included age (continuous as well as categorized as 0–44, 45–64, 65–
74, and >75 years), comorbidities (including diabetes, obesity, dyslipidemia, hypertension,
chronic pulmonary disease, liver disease, congestive heart failure, neurologic, liver, renal
and peripheral vascular disease), indication for the surgical intervention (degenerative disc
disease, spondylolisthesis, spinal stenosis, scoliosis, traumatic and oncologic, and other),
gender, race (White, Black, Hispanic, Other), and admission type (emergent, elective, urgent
and others). Further characteristics studied were healthcare system related parameters
including hospital size (small, medium, large), geographic location (rural, urban), and
teaching status (teaching, non-teaching). In order to analyze trends in the prevalence of
MetS as well as in individual comorbidities associated with this disease complex, bar charts
and profile plots by three-year time periods (2000–2002, 2003–2005, 2006–2008) were
generated. In addition, we evaluated the incidence of MetS by disposition status after PSF.

Differences in the frequencies of major complications between MetS and non-MetS entries
were analyzed by determining cases that listed Classification of ICD-9-CM diagnosis codes
consistent with postoperative cerebral infarction, pulmonary compromise, sepsis, shock/
cardiorespiratory arrest, acute myocardial infarction, cardiac complications (except
myocardial infarction), pneumonia, and thrombosis/pulmonary embolism based on modified
definitions provided in the Complication Screening Package designed for use with
administrative data.12 Comorbidity profiles were analyzed by determining the prevalence of
a number of disease states as defined in the Comorbidity Software provided by the Agency
for Healthcare Research and Quality.11 Additionally, in order to account for overall
comorbidity burden, Deyo comorbidity index categories were created.13, 14

Weighted means and percentages were shown for continuous and categorical variables,
respectively. Approximately 40% of entries in the race category were not available and were
imputed as “white”. This approach has been previously described and is based on the fact
that facilities with high rates of missing data for race served populations with higher than
average white/black patient ratios.15,16 Of note, in this analysis results did not change
significantly when treating missing entries as a separate group.

Multivariate logistic regression analysis was performed to identify if MetS was a risk factor
for perioperative major complications and/or mortality, prolonged hospital stay, increased
hospital cost and non-routine disposition while controlling for patient age, gender, race,
admission type, indication for surgical intervention, and comorbidities, as well as hospital
location, size, and teaching status. Among variables considered in the regression model were
hospital and patient characteristics as well a surgical indications. Individual comorbidities as
well as MetS were also included, taking care not to enter MetS component comorbidities
more than once into the regression. When the average length of stay and hospital cost were
greater than the 75th percentile, they were defined as prolonged hospital stay and increased
hospital cost, respectively. The disposition status was dichotomized to routine and non-
routine disposition. Due to the very large sample size in this study, we did not rely on a
conventional threshold of statistical significance (i.e., p-value<0.05) to draw conclusions
from the study findings. Instead, we reported p-values and use 95% confidence intervals
(CI) as a measure of effect size and let the readers evaluate the significance of the findings.

All statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). To
facilitate analysis of data and to obtain consistent estimates of mean and variance parameters
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taking into account the complex survey data setting, SAS procedures SURVEYMEANS,
SURVEYFREQ, and SURVEYLOGISTIC were utilized for descriptive analyses and
modeling efforts.

Results
In the time period studied, we identified 238,296 admissions for PSF in the NIS. This
represents an estimated 1,152,747 procedures performed in the US between 2000 and 2008.

A greater than three-fold increase in the prevalence of MetS among the population
undergoing PSF was seen over time. The average prevalence of MetS over the entire study
period was 5.5%, with a peak of 9% in 2008 (Figure 1). An increase in the prevalence of
MetS component comorbidities was detected between the time periods 2000–2002 and
2006–2008 (Figure 2). The highest proportional increases in comorbidity prevalence were
seen for dyslipidemia (151%) and obesity (96%). (Figure 2)

Table 1 shows the demographics for patient with and without MetS undergoing PSF. Several
patient characteristics differed between MetS and non-MetS admissions.

The average age was higher for MetS patients and rates of MetS were disproportionately
high in age groups of 45–74 compared to those aged less than 44 years and over 75 years.
MetS was disproportionately prevalent among female PSF patients. Patients of minority race
groups were more frequently affected by MetS. For example, among PSF admissions, black
race was 75% more likely among MetS versus non-MetS patients. Prevalence of MetS did
not differ among hospitals based on teaching status, size or location. Admissions of patients
with MetS for PSF were more frequently of an elective nature. MetS patients were
disproportionately likely to have spinal stenosis as an indication for surgery and more
frequently had multiple indications compared to non-MetS patients.

Table 2 lists the prevalence of comorbidities in MetS and non-MetS admissions. The
presence of MetS was associated with higher rates for all studied comorbidities, which was
also reflected in a higher average comorbidity index (Table 2).

Length of stay was slightly, but significantly longer for HMS patients after PSF 4.69 days
(CI 4.64; 4.75) versus 4.55 days (CI 4.54; 4.57), (P<0.0001). Moreover, MetS patients were
less frequently discharged to their home and more frequently to another health care facility
(P<0.0001) when compared to non-MetS patients (Figure 3). Median hospital charges were
higher for MetS versus non-MetS patients for PSF ($23,215 versus $21,739, P<0.0001).

MetS admissions were associated with an increased incidence of in-hospital major life-
threatening complications compared to non-MetS patients (Table 3). The biggest differences
were seen for cardiac and pulmonary complications.

When controlling for the indication for surgery, admission type, hospital (bed size, teaching
status and location), and patient related covariates (age, gender, race and comorbidities),
MetS was a risk factor for increased cost (i.e. =/> 75th percentile ($30,263)) (1.25 (CI 1.19;
1.31), P<0.0001) and non-routine disposition (1.55 (CI 1.49; 1.62), P<0.0001). Furthermore,
MetS increased the odds for prolonged hospital stay (i.e. =/> 75th percentile (4.7 days))
(1.09 (CI 1.05; 1.14), P<0.0001) and the development of a major complication (1.11 (CI
1.03, 1.20), P=0.0054).

Discussion
Using data from a nationally representative database collected between 2000 and 2008, we
have shown that MetS is an independent risk factor for increased length of hospital stay,
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non-routine disposition, increased cost and the development of major complications after
PSF.

We were able to identify a significant increase in the prevalence of MetS among patients
undergoing PSF over time. Furthermore, we showed an increase in MetS component
comorbidities over the course of the study period with a near doubling in the prevalence of
obesity and a 2.5 fold increase in the prevalence of dyslipidemia. Recent studies suggest that
the prevalence of MetS in the United States is between 13 and 40%. 17–19 The frequency of
MetS among PSF patients has not yet reached the levels seen in the general population,
however we show that the prevalence in this patient population tripled between 2000 and
2008, and had reached 9% by 2008. The implications for the future are not clear, but the
number and proportion of spinal fusion patients with MetS is likely to continue to rise given
the worsening worldwide obesity epidemic and an aging population.

Certain demographic characteristics were positively associated with MetS in PSF patients.
Middle-aged patients (age groups between 45 and 74), women, and patients of Black race
were found to be overly represented among admissions with MetS compared to those
without the syndrome. Of note, several studies of overall MetS prevalence in the United
States indicate a higher prevalence of MetS in men compared to women and non-hispanic
white men compared to Black men.17–19 While MetS may be more common in men overall,
our data suggests that female gender is significantly associated with MetS in the PSF patient
population. Research indicates higher rates of MetS in non-hispanic Black women and
Mexican-American women compared to non-hispanic white women, which is in
concordance with race distributions in our analysis.20

The MetS population undergoing PSF presents with a unique surgical, medical, and
pathological profile. Patients with MetS are disproportionately likely to be undergoing
elective surgery, suggesting the opportunity for more careful selection and optimization of
patients for this procedure. Preselection may enable the limitation of this invasive procedure
to patients with adequate health status. This is particularly important as we found that MetS
was associated with higher rates of congestive heart failure, chronic lung disease, liver
disease, peripheral vascular disease, and renal disease. The aforementioned attributes of PSF
patients with MetS present distinct challenges in perioperative management above and
beyond control of the component diagnoses (dyslipidemia, obesity, hypertension, and
diabetes).21 More careful selection of surgical candidates may explain the lower overall
rates of MetS found among PSF admissions compared to the general population.

On pathological examination MetS patients were more likely to have spinal stenosis and to
have multiple indications for surgery. The cause of the association between MetS and spinal
stenosis is unclear and warrants further exploration. One possible explanation for our
findings is that surgeons may be more likely to proceed with surgery on patients with
comorbidities associated with MetS when the patients present with multiple indications and/
or high risk spinal stenosis. MetS patients with a single diagnosis such as scoliosis or
degenerative disc disease may be more likely to be managed non-surgically than patients
without MetS. MetS patients with multiple indications for posterior spinal fusion may
benefit from staged procedures, shortened OR times, and minimally invasive approaches in
an effort to minimize associated morbidity.

Patients with metabolic syndrome have multiple risk factors for atherosclerosis and are
known to be at increased risk for cardiovascular disease and related mortality as well as all-
cause mortality.1,2 Obesity has been paradoxically associated with improved outcome after
non-cardiac surgery, however several studies have shown that patients with MetS are at
increased perioperative risk. Glance et. al found that perioperative mortality was doubled
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among super-obese patients with MetS after noncardiac surgery and cardiac adverse events
were 2–2.5 fold higher in all patients with MetS undergoing noncardiac surgery.22 In that
study, musculoskeletal procedures accounted for 5.33% of the surgeries evaluated.22

Few studies have specifically examined the outcomes of patients with MetS after orthopedic
surgery. In this work, with univariate analysis, we found patients with metabolic syndrome
to have increased rates of major complications after PSF, including cardiac and pulmonary
complications. After controlling for covariates MetS emerged as an independent risk factor
for life-threatening complications after PSF. It is also important to note that most
comorbidities which were also associated with increased risk for adverse outcome (data not
shown) had a higher prevalence among MetS patients undergoing PSF. While these
comorbidities do not contribute to the official definitions of MetS, they are linked to the
presence of this disease complex by virtue of their high prevalence and therefore cannot be
discounted in the overall risk assessment of the MetS patient.

MetS has been correlated with prolonged length of hospital stay after coronary artery bypass
grafting.23 In addition, an evaluation of men underoing gastric bypass surgery for morbid
obesity found MetS to be the single largest risk factor for prolonged length of stay.24 In this
study, we evaluated the impact of MetS on length of stay, cost, and discharge status after
PSF. After multivariate analysis, we found MetS patients to have significantly longer
hospital stays, higher average hospital charges, and more frequent discharges with home
health care or to secondary healthcare facilities.

The excess cost associated with non-routine disposition for MetS patients could not be
measured in this study, but is undoubtedly significant. Moreover, evidence suggests that
functional outcomes after hip and knee arthroplasty are worse in patients with MetS,
possibly due to a pre-existing systemic pro-inflammatory state.25 As the percentage of
patients with MetS undergoing spine surgery rises, research into the long-term functional
outcomes of these patients and the costs of long-term care and rehabilitation are warranted.

Our study is limited by a number of factors inherent to secondary analysis of large
administrative databases. Clinical information available in the NIS, including data on
intraoperative events, is limited and our analysis must be interpreted accordingly. Further,
information on the levels of surgery is not available for the majority of cases and could
therefore not be included as a factor in this analysis. Because of the nature of the NIS, only
in-patient data are available and thus complications and events after discharge are not
captured. Furthermore, readmissions cannot be discerned from this database. Thus,
conclusions should be limited to the acute perioperative setting with the notion that
complications and cost are likely underestimated. Other databases, i.e. the Medicare
database, contain such longitudinal information and could be used to answer these questions,
however they have other limitations, in this case the inclusion of patients above Medicare
eligible age. While it cannot be excluded that data entry may be subject to some form of
coding or reporting bias, there is no reason to believe that reporting should differ between
patients within the database. Both MetS and non-MetS discharges are likely to be exposed to
the same bias within the same data collection construct, thus comparative analysis should be
unlikely to be affected by such bias. Further, our data on MetS has to be interpreted in the
context of the definition used in this study, which is based on the use of ICD-9-codes and
was chosen to approximate the definition put forth by the US National Cholesterol
Education Program Adult Treatment Panel III. It should be noted, however, that several
definitions of MetS exist in the literature.3–5 Finally, we would like to mention that it was
beyond the scope of this study to compare outcomes of surgical and non-surgical treatment
of spine disease in patients with and without MetS.
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It is likely that the rate of MetS in this study is underestimated as only cases for which a
component diagnosis code was listed were eligible for inclusion. Thus, the true impact of
MetS on outcomes may be higher. Indeed, it should be mentioned that the number of
possible diagnosis codes that can be enetered is limited in any data base and may thus lead
to under reporting of diseases that are considered less acute for any given hospitalization.
Therefore, comorbidities like obesity or hypertension are likely to have even higher
prevalence than that reported here.

In conclusion, this study provides evidence that patients with MetS undergoing PSF have an
increased hospital length of stay, higher costs, and higher need for post-hospitalization care
and increased risk for major perioperative complications. Further research into long-term
post-operative outcomes for these patients is warranted.

Key points

• The prevalence of metabolic syndrome among primary posterior spine fusion
patients tripled between the time periods 2000–2002 and 2006–2008.

• Patients with metabolic syndrome undergoing primary posterior lumbar spine
fusion present with higher rates of comorbidities.

• Following primary posterior lumbar spine fusion, patients with metabolic
syndrome have increased perioperative complications, hospital length of stay,
cost of hospitalization, and need for post-hospitalization care.
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Figure 1.
Prevalence of metabolic syndrome between 2000 and 2008 among admissions for primary
posterior lumbar spine fusion.
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Figure 2.
Prevalence of metabolic syndrome component comorbidities in admissions for primary
posterior lumbar spine fusion over time.
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Figure 3.
Disposition status after primary posterior lumbar spine fusion of patients with and without
metabolic syndrome.
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Table 1

Demographics of patients with and without metabolic syndrome (MetS) undergoing primary posterior lumbar
spine fusion from 2000 to 2008.

Demographics

Group No MetS MetS P-value

N= 225347 12949

Weighted N= 1089802 62945

(%) 94.5 5.5

Average age (years) 54.10 (54.04,54.17) 62.82 (62.63,63.01) <.0001

Average Comorbidity Index 0.37 (0.37,0.38) 1.88 (1.86,1.90) <.0001

Age group (%)

0–44 28.2 5.7 <.0001

45–64 43.7 47.3

65–74 17.7 32.4

>75 10.3 14.6

Gender(%)

Male 44.3 41.1 <.0001

Female 55.7 58.9

Race(%)

White 88.7 85.1 <.0001

Black 4.4 7.7

Hispanic 4.2 4.3

Other 2.6 2.9

Admission Type (%)

Emergent 3.3 2.6 <.0001

Elective 90.4 91.8

Urgent+Other 6.3 5.6

Hospital Size (%)

Small 12.5 12.2 0.4

Medium 21.7 22.2

Large 65.7 65.6

Hospital Location (%)

Rural 4.6 4.6 0.9

Urban 95.4 95.4

Hospital Teaching Status (%)

Non-teaching 46.7 46.7 1.0

Teaching 53.3 53.3

Spine Pathology(%)

Degenerative Disc Disease 45.9 37.7 <0.0001

Spinal stenosis 10.0 15.0
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Demographics

Group No MetS MetS P-value

Scoliosis 1.4 0.3

Spondylolisthesis 5.4 5.4

Trauma 1.6 0.4

Oncologic 0.3 0.1

Other 4.7 3.3

Multiple Indications 30.7 37.7
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Table 2

Comorbidities of admissions with and without metabolic syndrome (MetS).

Comorbidities

Comorbidity No MetS MetS P-value

Congestive Heart Failure 1.5 3.9 <.0001

Chronic Lung Disease 12.6 16.6 <.0001

Liver Disease 0.7 0.9 0.0101

Neurologic Disorders 2.7 2.5 0.3119

Peripheral Vascular Disease 1.4 4 <.0001

Renal Disease 0.7 3.5 <.0001
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Table 3

Major complications of admissions with and without metabolic syndrome (MetS) undergoing primary
posterior lumbar spine fusion.

Complications

Complications No MetS MetS P value

Cerebrovascular Event 0.1 0.2 0.3489

Pulmonary Complication 1.2 1.6 0.0006

Sepsis 0.4 0.2 0.0216

Shock 0.1 0.1 0.8254

Myocardial Infarction 0.3 0.6 <.0001

Cardiac Complications 2.9 5.1 <.0001

Pneumonia 1.3 1.5 0.0308

Venous Thromboembolism 0.4 0.4 0.4148

Death 0.2 0.1 0.2394

Total 5.6 8.5 <.0001
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