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A B S T R A C T

Objectives: Comprehensive preoperative management involves the identification and optimization of medical
comorbidities while avoiding excessive healthcare utilization. While diabetes and heart disease are major causes
of morbidity that can worsen surgical outcomes, further study is needed to evaluate how well current periop-
erative strategies mitigate their risks. This study employs an exact matching protocol to isolate the effects of both
diabetes and cardiovascular disease on spine surgery outcomes.
Methods: 4680 consecutive patients undergoing single-level, posterior-only lumbar fusion were retrospectively
enrolled. Univariate logistic regression was performed on comorbidity subgroups, then coarsened exact matching
(CEM) was employed for patients with diabetes or cardiovascular disease. Patients were matched 1:1 on ten
patient and procedural characteristics known to affect neurosurgical outcomes. Separate pairs of exact-matched
cohorts were generated to isolate both cardiovascular disease (matched n = 192), and diabetes (matched n =

380). Primary outcomes were surgical complications; length of stay; discharge disposition (home vs. non-home);
and 30- and 90-day Emergency Department (ED) visits, readmissions, reoperations, and mortality.
Results: Cardiovascular disease and diabetes subgroups were not associated with short term outcomes after
matching to control for confounders. Compared to univariate statistics, this method demonstrates that con-
founding control variables may drive outcomes more than these comorbidities themselves.
Conclusion: Between otherwise exactly matched patients undergoing lumbar fusion, diabetes and cardiovascular
disease posed no greater risk of short-term adverse outcomes. This suggests proper selection criteria for surgical
candidates and effective current perioperative strategies to mitigate these common comorbidities. Further studies
are warranted to assess and optimize the cost-effectiveness of preoperative management for patients with
common comorbidities.

1. Introduction

Lumbar fusion is a common procedure performed for a variety of
spinal pathologies.1 Despite low baseline complication and mortality
rates, there remains an ongoing need to improve the value of lumbar
fusion surgery performed in an aging population in a costly healthcare
landscape.1–6 Key strategies gaining recent attention for value-based
surgical care include perioperative planning and risk-factor optimiza-
tion. To facilitate this process, many patient-specific risk factors for

markers of poor surgical outcomes are being studied to guide the se-
lection of surgical techniques and focus targets for perioperative
management.7–10

Medical comorbidity is an important factor considered in perioper-
ative management and has governed recent interest in literature.
Elevated Charlson Comorbidity Index (CCI), a composite risk score of
comorbidities predictive of long-term survival, has been shown to be
associated with adverse short-term outcomes (such as readmission and
reoperation) from lumbar surgery in univariate and multivariable
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analyses.7,11–14 In addition to composite measures like the CCI or global
assessments of disease severity like the ASA classification, some indi-
vidual comorbidities have also been studied with multivariable
modeling approaches. These studies have variably shown that malig-
nancy, rheumatoid disease, diabetes, and/or asthma have predictive
value with respect to patient outcomes following spinal surgery.15,16

Diabetes and cardiovascular disease are two of the most common
conditions in the developed western world, exhibiting huge costs to
society.17–19 To mitigate the deleterious effects of these comorbidities on
surgical outcomes, many surgeons require extensive preoperative
workups, including cardiac function testing via echocardiography or
cardiac stress testing. In addition, some surgeons partner with PCPs or
endocrinologists to improve patients’ glycemic control before surgery.
However, in lumbar fusion surgery specifically, the direct effect of these
comorbidities on outcomes, controlling for other related medical and
demographic factors, requires more intentional study. This analysis
retrospectively evaluates matched patients with and without these dis-
ease factors to provide a more accurate understanding of their effect on
lumbar fusion surgery outcomes. We employ coarsened exact matching
(CEM), which matches patients 1:1 when they equate along each co-
variate, compared to methods like propensity score matching, which
combines all covariates into a single composite score. This provides a
novel method to investigate associations in a clinically interpretable
way: how does the variable of interest associate with the measured
outcome between people who exactly match along every other covari-
ate? These results will aid in evaluating current perioperative manage-
ment strategies and guide future studies on cost-effectiveness in
perioperative care.

2. Methods

2.1. Patient selection

A total of 4680 consecutive cases of adult patients undergoing single-
level posterior-only lumbar fusion at a single academic medical center
were prospectively enrolled and retrospectively studied. Limiting cases
to those that were non-emergent, inpatient admissions, using general
anesthesia, and had clean wounds, there were 4263 cases analyzed
further (Fig. 1).

2.2. Data extraction

Patient characteristics and surgical outcome data were extracted
from the electronic medical record (EMR) using EpiLog, a non-
proprietary system integrated with the EMR to streamline data collec-
tion and quality improvement initiatives. Patient variables included

median household income (MHI) cross-referenced to zip-code (adjusted
to 2016 US dollars), body mass index (BMI), age, sex, race, American
Society of Anesthesiologists (ASA) score, smoking status, prior surgical
history, insurance type (public vs private), and all factors of the CCI.
Outcomes measured included length of stay, discharge home vs non-
home, and 30- and 90- day readmissions, emergency department (ED)
evaluation, reoperation, and all-cause mortality.

2.3. Comorbidities and statistical analysis

Comorbidity groups were derived from the EMR via ICD codes.
Diabetes is coded either complicated (DMC, n = 5) or uncomplicated
(DMU, n = 234). Cardiovascular disease groups included congestive
heart failure (CHF, n = 12), peripheral vascular disease (PVD, n = 62),
prior myocardial infarction (MI, n= 11), and prior stroke (CVA, n= 52).

Patients with the disease categories were compared to those with no
comorbidities (n = 2329), as measured by the CCI, excluding the age
component of the CCI score. First, univariate logistic regression was
performed to determine how the individual disease categories correlated
to the short-term surgical outcomes. Next, coarsened exact matching
(CEM) was employed separately for diabetes (DMU and DMC, matched
n = 380) and for cardiovascular disease (CHF/PVD/MI/CVA, matched n
= 192). 10 patient level variables were coded into categorical levels and
patients with the disease group were exactly matched 1:1 to those
without any medical comorbidities along all 10 covariates. Covariates
(and binning categories) included: gender (male/female), ASA grade
(exact), age (binned by decade), smoking history (prior/never), insur-
ance type (public/private), prior surgery (binary), prior surgery in 30
days (binary), length of surgery (below/above median), BMI (cachectic,
normal [18.5–30], obese), and MHI (below/above median). McNemar’s
test was compared categorical outcomes differences between matched
patients with the observed comorbidity and without comorbidity.
Nonparametric testing was used for continuous outcomes.

3. Results

3.1. Patient demographics

Before matching, patients with heart disease tended to be older, have
higher ASA scores, be publicly insured, and have more prior surgeries
than patients without comorbidity. Patients with diabetes tended to be
older, have higher BMI and ASA, be publicly insured, and be non-white
compared to patients without comorbidity. After matching, there were
no differences between matched groups. Key information on patient
demographics is presented in Table 1and Table 2.

Fig. 1. Patient selection and study design.
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3.2. Univariate analysis

DMUwas associated with less home discharge (OR 0.53, p= 0.0002)
(see Table 2). DMCwas associated with increased surgical complications
(OR = 13.4, p = 0.013) and death at 30 days (OR = 60, p = 0.016). CHF
was associated with death at 30 and 90 days (OR = 26.6, p = 0.040; OR
= 86.72, p < 0.001). MI was associated with death at 30 and 90 days
(both OR = 28.9, p = 0.036). PVD was associated with surgical
complication (OR = 5.44, p < 0.001), non-home discharge (OR = 0.40,
p = 0.002), and death at 90 days (OR = 16.2, p = 0.005). CVA was
associated with readmission at 90 days (OR = 2.3, p = 0.024).

3.3. Matched analysis

After CEM, neither diabetes nor cardiovascular disease groups were
found to be significantly associated with any of the outcome categories
(Fig. 2, Table 3). While not statistically significant, for both disease
groups, the mean odds ratios of reoperation andmortality at both 30 and
90 days fell below one, indicating lower odds of these events in the
group with the index comorbidity. Length of stay in patients with car-
diovascular disease (mean = 104.8 h) was not significantly different
from matched peers without comorbidity (mean = 98.8 h, p = 0.57).
Length of stay in patients with diabetes (mean = 88.2 h) was not

Table 1
Demographics in the cohort of cardiovascular disease (CVD) analysis.

Before Matching After Matching

No Comorbidities (n = 2329) CVD (n = 137) p-value No Comorbidities (n = 96) CVD (n = 96) p-value

Gender (n, %)
Male 1050 (45.08 %) 63 (45.99 %) 0.8367 43 (44.79 %) 43 (44.79 %) 1
Female 1279 (54.92 %) 74 (54.01 %) 53 (55.21 %) 53 (55.21 %)
Age (mean, [range])
​ 58.75 [15,90] 67.38 [34, 85] <0.0001 67.94 [35, 90] 67.29 [34,84] 0.8294
Race (n, %)
White 1959 (84.11 %) 113 (82.48 %) 0.067 85 (88.54 %) 82 (85.42 %) 0.1563
Non-White 370 (15.9 %) 24 (17.52 %) 11 (11.5 %) 14 (14.6 %)
BMI (mean, [range])
​ 29.26 [15,54.4] 28.86 [13.64, 44.76] 0.7319 27.99 [18.6, 44.61] 28.96 [19.75, 44.76] 0.21
Tobacco Use (n, %)
​ 333 (14.30 %) 18 (13.14 %) 0.9312 5 (5.21 %) 5 (5.21 %) 1
Insurance Type (n, %)
Private 1329 (57.1 %) 44 (32.1 %) <0.0001 29 (30.2 %) 29 (30.2 %) 1
Public 1000 (42.9 %) 93 (67.9 %) 67 (69.8 %) 67 (69.8 %)
Prior Surgery (mean, [range])
​ 0.52 [0,11] 0.93 [0,8] <0.0001 0.73 [0,7] 0.51 [0,4] 0.20
Prior Surgery 30D (mean, [range])
​ 0.027909 [0,3] 0.05 [0,2] 0.1082 0.00 [0,0] 0.00 [0,0] 1
ASA Score (mean, [range])
​ 2.24 [1,4] 2.58 [2,4] <0.0001 2.55 [2,3] 2.55 [2,3] 1

Table 2
Demographics of the Cohort in Diabetes (DM) analysis.

Before Matching After Matching

No Comorbidities (n = 2329) DM (n = 239) p-value No Comorbidities (n = 190) DM (n = 190) p-value

Gender (n, %)
Male 1050 (45.08 %) 113 (47.28 %) 0.5394 88 (46.32 %) 88 (46.32 %) 1
Female 1279 (54.92 %) 126 (50.55 %) 102 (53.68 %) 102 (53.68 %)
Age (mean, range)
​ 58.75 [15,90] 64.05 [33,86] <0.0001 63.71 [29,85] 63.98 [33,86] 0.8514
Race (n, %)
White 1959 (84.11 %) 184 (76.99 %) 0.0189 172 (90.53 %) 148 (77.89 %) 0.1024
Non-White 370 (15.9 %) 24 (23.01 %) 18 (9.47 %) 42 (22.11 %)
BMI (mean, range)
​ 29.26 [15,54.40] 33.02 [18.14, 56.58] <0.0001 31.53 [20.2, 54.5] 32.79 [19.8, 56.58] 0.09
Tobacco Use (n, %)
​ 333 (14.30 %) 21 (8.97 %) 0.0617 10 (5.26 %) 10 (5.26 %) 1
Insurance Type (n, %)
Private 1329 (57.1 %) 109 (45.6 %) 0.0002 85 (44.7 %) 85 (44.7 %) 1
Public 1000 (42.9 %) 130 (54.4 %) 105 (55.3 %) 105 (55.3 %)
Prior Surgery (mean, range)
​ 0.52 [0,11] 0.70 [0,12] 0.0887 0.44 [0,7] 0.55 [0,12] 0.86
Prior Surgery 30D (mean, range)
​ 0.03 [0,3] 0.02 [0,2] 0.574 0.01 [0,2] 0.01 [0,1] 1
ASA Score (mean, range)
​ 2.24 [1,4] 2.54 [2,3] <0.0001 2.49 [2,3] 2.49 [2,3] 1
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significantly different from matched peers without comorbidities (mean
= 92.4 h, p = 0.25). Fig. 2.

4. Discussion

This study examines the impact of diabetes and heart disease on
short-term outcomes of lumbar fusion surgery in a single-center cohort
study. Controlling for important patient-level demographic and medical
factors with CEM, we observed no differences in short-term surgical
outcomes for patients with these conditions. The findings of this
matching protocol suggest associations between these conditions and
medical outcomes may be driven by confounding variables such as age,
ASA score, or insurance status. Taken together, our findings may suggest
that despite the known risks of diabetes and heart disease to surgical
outcomes, current perioperative medical practice at this single institu-
tion is well-equipped to care for these specific medical needs in the
immediate term, and more work needs to be done to study the best
markers for optimizing patients before surgery.

Diabetes and heart disease are major causes of morbidity and mor-
tality in Western societies and have been linked to various adverse
surgical outcomes in other surgical domains.20,21,22–24 Diabetes causes
chronic micro and macrovascular complications, and cardiovascular
disease impairs circulation, causes chronic inflammation, and a dysre-
gulated sympathetic state.17,18,25 These factors, combined with the
controlled insult of surgical trauma, likely worsen surgical results.
Despite these proven biological relationships, selecting appropriate pa-
tients and perioperative strategies aimed at medically optimizing pa-
tients with these comorbidities are routinely implemented in clinical
practice and may mitigate the adverse effects of these
conditions.26–28,29,30

For patients with cardiovascular disease, diabetes, or their risk fac-
tors, collaboration with and referral to the primary team managing their
comorbidity (e.g. primary care, cardiology, endocrinology) may involve
risk stratification tools, screening tests, and potential interventions to
optimize the comorbidity.31,32 This preoperative decision-making may
drive the non-differences found in our matching protocol - appropriate
surgical decision making and medical management might mitigate the
effects of these conditions for given ages and functional statuses. As a
result, the relationship of these conditions to poor outcomes following
surgery observed in our univariate analysis may be better explained by

the other related factors controlled by our matching protocols. It may
also be that the short-term nature (30 and 90 days) of our results are
driven mainly by pathology and surgical intervention, while longer-term
study would be needed to assess differences directly attributable to
diabetes and heart disease after accounting for other variables.

We interestingly observed a trend towards lower reoperation and
short-term mortality rates in the matched patients with the studied
conditions compared to those without the conditions. The trend in
reoperation may reflect surgeons’ decisions to reoperate considering the
comorbidity profile; that is, surgeons in this cohort may prefer not to
reoperate on patients with these conditions. The trend towards less
operative mortality is similarly interesting and may reflect the abun-
dance of care and preoperative medical management taken before

Table 3
Results of coarsened exact matching. Odds ratios and 95 % confidence intervals
shown for analyzed outcomes, separated by diabetes and heart disease. No
significant differences were found between the matched cohorts.

Diabetes Heart Disease

OR (95 % CI) P-
value

OR (95 % CI) P-
value

Intraoperative
Complication

2.67
(0.71–10.05)

0.132 2.50
(0.49–12.89)

0.257

Home Discharge 0.92
(0.51–1.64)

0.768 1.08
(0.49–2.37)

0.841

30D Readmission 1.07
(0.52–2.22)

0.853 1.10
(0.47–2.59)

0.827

30D ED Visit 1.83
(0.68–4.96)

0.225 0.75
(0.17–3.35)

0.706

30D Reoperation 0.56
(0.19–1.66)

0.285 0.40
(0.08–2.06)

0.257

30D Mortality 0.25
(0.03–2.24)

0.180 0.50
(0.05–5.51)

0.564

90D Readmission 1.00
(0.49–2.05)

1.000 1.08
(0.49–2.37)

0.842

90D ED Visit 1.17
(0.54–2.52)

0.695 0.60
(0.14–2.51)

0.480

90D Reoperation 0.56
(0.19–1.66)

0.285 0.67
(0.19–2.36)

0.527

90D Mortality 0.25
(0.03–2.24)

0.180 0.50
(0.05–5.51)

0.564

Fig. 2. Results of coarsened exact matching. Odds ratios and 95 % confidence
intervals are shown for analyzed outcomes, separated by heart disease (A) and
diabetes (B). No significant differences in the measured outcomes were found
between the matched cohorts.
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operating on patients with these conditions.
As diabetes and heart disease only continue to increase in prevalence

in our aging population, the added value of medical optimization in
relation to their added costs of holistic surgical care must be further
evaluated, and cost-effective measures to optimize care and mitigate the
underlying drivers of these conditions must be implemented.

5. Limitations

The findings of this study come with notable limitations. As a
retrospective analysis, this study matched and compared within a cohort
of patients selected for and undergoing surgery. We demonstrate that,
for our sample with a selection bias of those chosen for surgery, out-
comes were not observably different with or without the disease states.
In addition, this study is performed at a single medical center in a very
specific type of surgery. This study is intentionally limited such that a
highly homogeneous cohort of patients could be compared in direct
matching. With relatively low baseline rates of adverse outcomes for
lumbar fusion, the effects of comorbidities on outcomes may be below
our power for detection. Larger studies with multicenter or national
registries have shown associations between these medical conditions
and patient outcomes. However, the findings from our matched cohort
and further study of specific practices that medically optimize comor-
bidities in clinical practice may provide important lessons for healthcare
systems aimed at increasing value and lowering costs.

One further limitation of this study is the short-term outcome time
frame. While this study evaluates two common chronic diseases, we
intentionally chose to study these outcomes as they are routinely used in
healthcare systems research and surgical reimbursement models, with
demonstrated and understandable importance to payers, providers, and
patients.

6. Conclusion

This study examines the impact of diabetes and heart disease on
short-term outcomes of lumbar fusion surgery in a single-center cohort
study. Controlling for important patient-level demographic and medical
factors with CEM, we observed no differences in surgical outcomes for
patients with these conditions. Though we did observe associations in
univariate statistics, the findings of our matching protocol suggest that
those associations are better explained by the variables that were
controlled for, such as age, ASA score, or insurance status. Taken
together, our findings may suggest that despite the known risks of dia-
betes and heart disease to surgical outcomes, current perioperative
medical practice at this single institution are well-equipped to care for
these medical needs. Further study must examine the cost-effectiveness
of these strategies and optimize patient selection criteria.
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