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Abstract
Background Among older adults, postoperative urinary tract infection is associated with significant harms including 
increased risk of hospital readmission and perioperative mortality. While risk of urinary tract infection is known to 
increase with age, the independent association between frailty and postoperative urinary tract infection is unknown. 
In this study we used 2014–2018 data from the U.S. National Surgical Quality Improvement Program (NSQIP) to 
investigate whether frailty is an independent risk factor for postoperative urinary tract infection, controlling for age 
and other relevant confounders.

Methods Frailty was assessed using the modified Frailty Index. Postoperative urinary tract infection was defined as 
any symptomatic urinary tract infection (of the kidneys, ureters, bladder, or urethra) developing within 30 days of the 
operative procedure. To examine associations between frailty and other specific factors and postoperative urinary 
tract infection, chi squared tests, students t-tests, and logistic regression modelling were used.

Results Urinary tract infection was identified after 22,356 of 1,724,042 procedures (1.3%). In a multivariable model 
controlling for age and other patient and surgical characteristics, the relative odds for urinary tract infection increased 
significantly with increasing frailty score. For example, compared to a frailty score of 0, the relative odds for urinary 
tract infection for a frailty score of 3 was 1.50 (95% confidence interval 1.41, 1.60). The relative odds associated with 
the maximum frailty score (5) was 2.50 (95% confidence interval 1.73, 3.61).

Conclusions Frailty is associated with postoperative urinary tract infection, independent of age. Further research 
should focus on the underlying mechanisms and strategies to mitigate this risk among frail adults.
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Introduction
Urinary Tract Infections (UTIs) represent the most fre-
quent infections in among adults over 60[1] and rep-
resent more than one-third of all health care acquired 
infections [2]. Postoperative UTI complicates 1–2% 
of surgical procedures in the US [3–5]. Postoperative 
UTIs are associated with increased postoperative mor-
bidity, readmission risk and perioperative mortality [3, 
6]. Given the significant harms of postoperative UTI in 
elderly patients, it is important to identify opportunities 
to reduce UTI incidence in this population.

Defining the relationship between frailty and postop-
erative UTI may represent an important step towards 
achieving this goal. Frailty is defined as a state of 
decreased physiologic reserve and resilience [7] and has 
emerged as a critical construct in geriatric medicine [8]. 
Frailty has been recognized as an important risk fac-
tor for multiple adverse medical outcomes [8], including 
perioperative morbidity, mortality, and readmission [3, 
9–12]. Preoperative screening for frailty has increasingly 
been used to identify patients at high risk for poor peri-
operative outcomes and to target interventions to pre-
vent complications [8].

Frailty has been associated with UTI in certain out-
patient cohorts not specifically undergoing surgery [13, 
14]. Frail adults may also plausibly be at increased risk to 
develop postoperative urinary tract infection [3, 11, 15], 
however the association between frailty and postopera-
tive UTI may be confounded by other known risk factors 
for UTI, including advancing age, diabetes, malnutrition, 
and congestive heart failure[2, 16, 17]. Yet, to date, no 
dedicated studies have specifically focused on examining 
the relationship between frailty and postoperative UTI in 
elderly patients, while rigorously controlling for potential 
confounders.

The objective of this study is to investigate whether 
frailty is an independent risk factor for postoperative 
urinary tract infection, controlling for age and other 
relevant confounders. In this study, we utilized a large 
clinical database from the American College of Sur-
geons National Surgical Quality Improvement Program 
(NSQIP) to investigate associations between frailty and 
postoperative UTI in elderly patients, controlling for 
other known UTI risk factors. This question is important 
because results may support efforts to minimize periop-
erative risk for frail adults and to identify opportunities 
to improve the health of this vulnerable population.

Methods
This study is an analysis of data provided by the American 
College of Surgeons NSQIP. This program includes > 800 
hospitals nationwide. This outcomes-based program uses 
validated methods to collect perioperative data for the 
purpose of improving the quality of surgical care. NSQIP 

includes variables related to preoperative patient charac-
teristics (age, gender, preoperative medical conditions), 
surgical classification (surgical specialty, inpatient versus 
outpatient surgery), and patient outcomes (postoperative 
morbidity, mortality, readmission). At each participat-
ing hospital, a trained and certified reviewer obtains rel-
evant data elements using a variety of methods including 
medical chart abstraction. NSQIP data are de-identified 
and thus the Johns Hopkins Institutional Review Board 
deemed this research exempt (IRB00104750). This study 
utilized the 2014-8 NSQIP Participant Use Files as the 
data source.

Adults over the age of 60 years were considered in this 
analysis. The analysis included inpatient and outpatient 
surgery as well as both elective and emergent procedures. 
We excluded urologic and gynecologic surgical proce-
dures, cases in which there was an active urinary tract 
infection prior to the principal operative procedure, and 
those with incomplete data.

The outcome for this analysis was postoperative UTI, 
described by the NSQIP study as any symptomatic uri-
nary tract infection (of the kidneys, ureters, bladder, 
or urethra) that develops within 30 days of the princi-
pal operative procedure. The diagnosis of UTI requires 
at least one of the following symptoms: fever, urinary 
urgency, urinary frequency, dysuria, suprapubic tender-
ness, or costovertebral angle pain or tenderness. In the 
setting of at least one UTI symptom, this diagnosis is 
made if urine culture demonstrates > 100,000 colonies/
ml.

The Modified Frailty Index (mFI-5)[18] was used to 
assess frailty in this population. The mFI-5 is a simplified 
version of the mFI-11 [12] and has been shown to pre-
dict postoperative complications in a variety of surgical 
subspecialties. The mFI-5 is based on preoperative func-
tional status and the presence or absence of four medi-
cal conditions: diabetes, chronic obstructive pulmonary 
disease, congestive heart failure, and hypertension. Func-
tional status is determined within 30 days prior to sur-
gery and is defined as “independent” if the patient does 
not require any assistance from another person for any 
activities of daily living. The patient is considered “par-
tially dependent” if he or she requires some assistance 
from another person for activities of daily living and 
“totally dependent” if he or she requires assistance for 
all activities of daily living. Using the five elements of the 
mFI-5, the resultant score ranges from 0 (no frailty) to 5 
(most frail). The mFI-5 may be further dichotomized to 
“not frail” (0–1) versus “frail” (> 2). A score of > 2 corre-
sponds to a “high” score on the original mFI-11 (≥ 4 of 11 
frailty traits), which has been associated with a significant 
increase in the odds of serious postoperative complica-
tions [12].
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We compared the characteristics of patients with and 
without UTI. Chi squared test was used for categori-
cal data and Students t-test for continuous data. Demo-
graphic characteristics of interest included age and 
gender (male versus female). NSQIP data classified age in 
years until age 90; if age was greater than 90, it was clas-
sified as “90+” in the NSQIP dataset. For this analysis, 
we assigned an age of 95 years to those with age classi-
fied as “90+”. Each patient was also classified by preop-
erative functional status (independent versus partially or 
totally dependent), preoperative weight loss (> 10% body 
weight in the past 6 months), admission from a nursing 
home (or other chronic care facility), and elective versus 
urgent/ emergent surgery. Medical conditions of interest 
included diabetes, hypertension, congestive heart failure, 
chronic obstructive pulmonary disease, anemia (defined 
as preoperative hematocrit < 34%), disseminated cancer, 

and chronic steroid use. The relevant characteristics of 
the surgery included inpatient versus outpatient surgery 
and wound class (clean versus contaminated).

For each characteristic that differed significantly 
between patients with UTI and those without, we calcu-
lated the relative odds and 95% confidence interval utiliz-
ing logistic regression models. In a multivariable analysis, 
we considered the association between UTI and mFI-5 
score, controlling for other relevant confounders. Stata/
IC 16.1 (StatCorp LLC, College Station, TX) was used for 
all statistical analyses. We considered p < 0.05 significant 
in all analyses.

Results
From 2014 to 2018, NSQIP data were available for 
2,174,778 surgical cases among adults older than 60 
years. Of these, 450,736 (20.7%) were excluded from 
this analysis. This included 6,634 cases with a preexist-
ing UTI, 182,073 associated with urologic procedures, 
and 86,412 associated with gynecologic procedures. We 
also excluded 2 cases in which the sex of the patient was 
unknown, 1,921 cases that were not classified as either 
emergent or elective surgery, 11,671 for unknown pre-
operative functional status of the patient, and 192,023 
without a preoperative hematocrit for identification of 
anemia. This analysis focused on the remaining 1,724,042 
surgical cases.

In this population, postoperative UTI was identified 
in 22,356 cases (1.3%). A comparison of the cases with 
and without postoperative UTI (See Table1) suggested 
that patients who developed postoperative UTI were 
older, more likely to be female, more likely to have come 
to the hospital from a nursing home, more likely to have 
impaired functional status, and more likely to have medi-
cal co-morbidities. MFI-5 scores were also significantly 
associated with postoperative UTI (p < 0.001). The asso-
ciation with functional status was particularly notable: 
adults without functional independence were more than 
twice as likely to develop UTI (odds ratio 2.31, 95% con-
fidence interval 2.21, 2.41). UTI was also associated with 
inpatient surgery, non-elective surgery, and “contami-
nated” or “clean-contaminated” surgery.

In a multivariable model that included frailty score 
as an independent variable (Table2), the relative odds 
for UTI increased progressively with increasing mFI-5 
score. Specifically, compared to an mFI-5 score of zero, 
a score of 1 was associated with a 6% increase in the 
odds for UTI (odds ratio 1.06, 95% confidence interval 
1.03, 1.10). Similarly, a score of 3 was associated with a 
50% increase in odds for UTI (odds ratio 1.50, 95% con-
fidence interval 1.41, 1.60), and a score of 5 was associ-
ated with a 2.5 times increase in the relative odds for UTI 
(odds ratio 2.50, 95% confidence interval 1.73, 3.61). We 
found no significant collinearity (variance inflation factor 

Table 1  Characteristics of the study population (n = 1,724,042), 
comparing patients who did or did not develop postoperative 
UTI.

No postopera-
tive UTI
(n = 1,701,686)

Postoperative 
UTI
(n = 22,356)

p

Age, years (mean ± SD)* 71.5 ± 8.4 74.8 ± 9.3 < 0.001

Frailty index score < 0.001

 0 469,709 (27.6%) 4,965 (22.2%)

 1 783,652 (46.1%) 9,813 (43.9%)

 2 381,880 (22.4%) 6,006 (26.9%)

 3 58,447 (3.4%) 1,320 (5.9%)

 4 7,329 (0.4%) 222 (1.0%)

 5 669 (< 0.1%) 30 (0.1%)

Male gender 782,689 (46.0%) 7,977 (35.7%) < 0.001

Diabetes 377,027 (22.2%) 5,661 (25.3%) < 0.001

Hypertension 1,133,974 
(66.6%)

15,691 (70.2%) < 0.001

Congestive heart failure 276,062 (16.2%) 5,826 (26.1%) < 0.001

Chronic obstructive pul-
monary disease

131,430 (7.7%) 2,385 (10.7%) < 0.001

Preoperative anemia 276,062 (16.2%) 5,826 (26.1%) < 0.001

Disseminated cancer 52,061 (3.1%) 1,267 (5.7%) < 0.001

Steroid use 79,416 (4.7%) 1,633 (7.3%) < 0.001

Weight loss: >10% body 
weight in the past 6 
months

30,348 (1.8%) 729 (3.3%) < 0.001

Transferred from nursing 
home

31,898 (1.9%) 882 (4.0%) < 0.001

Impaired preoperative 
functional status

84,613 (5.0%) 2,414 (10.8%) < 0.001

Inpatient (vs. outpatient) 
surgery

1,274,941 
(74.9%)

20,364 (91.1%) < 0.001

Elective (vs. urgent or 
emergent) surgery

1,277,038 
(75.1%)

13,415 (60.0%) < 0.001

Wound “clean-contaminat-
ed” or “contaminated”

523,839 (30.8%) 8,856 (39.6%) < 0.001

* In 51,263 cases, age was classified in NSQIP as “90+”. For this analysis, the age 
for individuals listed as “90+” was assumed to be 95 years.
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approximately equal to 1.0) between any of the variables 
included in the model.

Approximately 3% of individuals had multiple surgeries 
during the index admission (though in the overall analy-
sis we chose to analyze only the first or “index” surgery). 
However, because it would be difficult to reliably attri-
bute the UTI to a specific surgery in these individuals, 
we conducted a sensitivity analysis excluding these cases 
(See Supplemental Tables1 and 2). In this analysis our 
findings were not substantially altered.

Discussion
In this study of adults over the age of 60, we found that 
relative odds for postoperative UTI increased signifi-
cantly and monotonically as frailty score increased, even 
after controlling for the confounding effect of other 
covariates (such as age). Of the five components of the 
mFI-5, the association between UTI and preoperative 
function status was particularly notable: the odds for UTI 
were more than doubled for adults who were partially or 

fully dependent on others for care. Results were similar 
after exclusion of patients with multiple surgeries during 
the index admission from analysis.

Our results do build on the findings of prior stud-
ies. In an analysis focused on the relationship between 
frailty and postoperative complications in patients of all 
ages undergoing lumbar fusion, Leven et al. [11] found 
an association between post-operative UTI and mFI-
11 scores but this analysis did not control for relevant 
confounders, most notably age. Similarly Rothenberg et 
al.[3], found an association between frailty (evaluated 
with the Risk Analysis Index score) and postoperative 
UTI in univariate analysis in patients undergoing outpa-
tient elective surgery. Finally, Amin et al. [15] found an 
association between frailty and postoperative complica-
tions (a composite variable including UTI, but not spe-
cifically assessing UTI alone), in patients undergoing 
urologic procedures. Our study is the first to focus spe-
cifically on postoperative UTIs in elderly patients across 
a wide variety of in and outpatient surgeries, and extends 
previous results to demonstrate that the association 
between frailty and postoperative UTI persists in a model 
that carefully controls for other relevant confounders, 
including age, gender, and medical comorbidities.

A strength of this research is that the sample size is 
quite large, providing the opportunity to consider mul-
tiple risk factors for UTI. Also, these data were derived 
from the NSQIP dataset and the process for data collec-
tion in NSQIP are highly rigorous; decreasing the likeli-
hood of misclassification. However, there are a number 
of limitations as well. Data regarding the use of periop-
erative catheterization was not available. Catheteriza-
tion is an important risk factor for UTI in hospitalized 
patients[2]. Thus, missing data for this variable may influ-
ence our results. For example, the use of an indwelling 
bladder catheter may confound some of these associa-
tions, such as the association between UTI and inpatient 
surgery. Additionally, data regarding perioperative anti-
biotics are not available. A prophylactic antibiotic at 
the time of surgery might affect perioperative UTI risk, 
especially in association with catheterization. The NSQIP 
includes a very wide variety of surgical procedures and 
therefore it would have been impossible to adjust for 
each type of surgery, although we were able to adjust for 
certain surgical characteristics, including elective versus 
urgent, in versus outpatient and “clean contaminated” 
versus “contaminated” wound type. Although we defined 
frailty using the mFI-5, this is only one of several vali-
dated frailty measures [8]. Frailty indices, like the mFI-5, 
are based on the presence or absence of comorbid con-
ditions, sometimes incorporating other factors such as 
social and cognitive conditions. In contrast, frailty pheno-
typic measures (such as the Edmonton frailty score [19]) 
require an assessment of motor function and functional 

Table 2  Relative odds (and 95% confidence interval) for 
postoperative UTI (n = 1,724,042)

Univariable OR Multivariable 
OR with mFI-5*

mFI-5 score

0 Reference Reference

1 1.18 (1.14, 1.23) 1.06 (1.03, 1.10)

2 1.49 (1.43, 1.55) 1.27 (1.23, 1.32)

3 2.14 (2.01, 2.27) 1.50 (1.41, 1.60)

4 2.87 (2.50, 3.28) 1.82 (1.59, 2.09)

5 4.24 (2.94, 6.12) 2.50 (1.73, 3.61)

Age, per 10-year increase 1.52 (1.50, 1.54) 1.37 (1.34, 1.39)

Male gender 0.65 (0.63, 0.67) 0.67 (0.65, 0.69)

Diabetes 1.19 (1.16, 1.23) †

Hypertension† 1.18 (1.15, 1.21) †

Congestive heart failure† 1.83 (1.69, 1.98) †

Chronic obstructive pulmonary 
disease†

1.43 (1.37, 1.49) †

Preoperative anemia 1.82 (1.77, 1.88) 1.14 (1.10, 1.18)

Disseminated cancer 1.90 (1.80, 2.02) 1.56 (1.48, 1.66)

Steroid use 1.61 (1.53, 1.69) 1.42 (1.35, 1.49)

Weight loss: >10% body weight 
in the past 6 months

1.86 (1.72, 2.00) 1.26 (1.17, 1.36)

Transferred from nursing home 2.15 (2.01, 2.30) 1.09 (1.01, 1.17)

Impaired preoperative functional 
status†

2.31 (2.21, 2.41) †

Inpatient (vs. outpatient) surgery 3.42 (3.27, 358) 2.63 (2.51, 2.76)

Elective (vs. urgent or emergent) 
surgery

0.50 (0.49, 0.51) 0.82 (0.79, 0.84)

Wound “clean-contaminated” or 
“contaminated”

1.48 (1.44, 1.51) 1.26 (1.23, 1.30)

* Modified frailty index

† These variables (diabetes, chronic obstructive pulmonary disease, congestive 
heart failure, treatment for hypertension, and impaired functional status) are 
included in the mFI-5 score and are therefore not included in a model that 
adjusts for mFI-5 score.
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abilities. There is no consensus on the best classification 
system for measuring frailty in research or clinical prac-
tice. We did consider using the RAI (Risk Analysis Index) 
score which has been employed in on some other studies 
[3], however this index requires an assessment of cogni-
tion, which was missing for 16% of cases in our dataset, 
whereas the mFI-5 could be calculated for all but 1% of 
cases. Agreement between various frailty measures has 
been variable [20] and thus our results may not pertain to 
other frailty measures.

Our findings, showing an independent association 
between frailty and postoperative UTI, suggest mul-
tiple avenues for future research. First, clinical trials 
among elderly patients could assess the value of preven-
tion strategies for reducing postoperative UTI in those 
frail patients identified to be at particularly high risk by 
our study. Prevention strategies might involve systems-
level operational changes, such as interventions aimed at 
shortening urinary catheterization time and multimodal 
pain control regimens that are less likely than opioids to 
impact mobility or to depress immune function [21, 22]. 
New therapeutic modalities may be an option as well. 
For example, antibiotic-sparing interventions to prevent 
recurrent UTI in the ambulatory setting may be of value 
in the perioperative setting (such as D-mannose [23], 
methenamine [24], or intravaginal probiotics for female 
patients [25]). Importantly, we found that frailty, even 
when controlling for age and a host of other confounders 
and comorbidities, is associated with the outcome, show-
ing that this simple frailty risk score may be a practical 
tool to use to identify those at highest risk of post-opera-
tive UTI, who could be targeted by existing or novel UTI 
risk-mitigating interventions.

Additionally, our findings raise important questions 
about the mechanism for the observed association 
between frailty and UTI. It is important to note that 
frailty has been associated with recurrent UTI in ambu-
latory urologic practice[14], and in outpatients with a 
history of diabetes and chronic kidney disease[13], sug-
gesting that frailty may put adults at risk for UTI in other 
settings. Possible mechanisms for an association between 
frailty and UTI include worse perineal hygiene among 
frail adults, possible alterations in the microbiome, or 
impaired immune response in these individuals. Notably, 
frailty has been linked to immune system dysregulation 
and a pro-inflammatory phenotype. What mediates these 
findings is unclear, but significant interest has devel-
oped regarding the role of the gut microbiota in driving 
inflammation in frail adults [26]. In the future, micro-
biota-based interventions such as oral probiotics could 
offer ways to improve immunity and decrease inflamma-
tion in frail patients [25], perhaps including those suscep-
tible to UTIs.

Conclusion
In this study, we found that relative odds for postopera-
tive UTI increased significantly as frailty score increased, 
with those with the highest frailty score having over twice 
the odds of having a postoperative UTI. Future studies 
should consider targeting interventions for UTI preven-
tion in these highest risk individuals.
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