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Aim: This study aimed to evaluate clinically significant sex differences that could have an effect on the choice of
treatment and outcomes of urinary tract infection (UTI) in aged 80 and over hospitalized patients with
community-acquired UTL

Methods: This was a prospective study of 161 patients aged 80 and over admitted to hospital with community-
acquired UTI. Epidemiological, clinical, laboratory and microbiologic variables were compared between both
sexes. Multivariate analysis was performed using logistic regression to determine the variables independently
associated with sex.

Results: In a population of 91 (56.52%) women and 70 (43.48%) men, aged 80 and over, we found that women
were more likely to have cognitive impairment (p = 0.035) and less likely to have chronic obstructive pulmonary
disease (COPD) (p = 0.006) and indwelling urinary catheter (p < 0.001) than men. Levels of creatinine were
higher in men than in women (p = 0.008). Septic shock at presentation was more frequent in the male group (p =
0.043). Men had a higher rate of polymicrobial infection (p = 0.035) and Pseudomonas aeruginosa infection (p =
0.003). Factors independently associated with sex by multivariate analysis were septic shock, cognitive impair-
ment, COPD and indwelling urinary catheter.

Conclusion: Men aged 80 and over with community-acquired UTI had more septic shock at admission to hospital
and higher rates of indwelling urinary catheter, while women had more cognitive impairment. There were no
differences in outcomes between sexes.

bacteriuria and community-acquired UTI requiring hospital admission
are extremely common in older adults and even more in aged 80 and over

1. Introduction

Urinary tract infection (UTI) remains among the most common in-
fections leading to hospital admission in older and very old adults and is a
frequent cause of bacteremia and sepsis [1, 2]. UTI is much more com-
mon in women than in men due to certain anatomical and physiological
characteristics, although this difference decreases with age [3]. Several
conditions such as poor bladder emptying and loss of estrogens make
older women even more susceptible to UTI [4], whereas prostatic
obstruction is the main predisposing factor to UTI in older males [5].
Other risk factors for UTI in both older men and women include frequent
urethral catheterization, perineal soiling from fecal incontinence, and
several comorbidities [6, 7]. For these reasons, both asymptomatic
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patients [8, 9].

Sex differences in aged >60 years with UTI have been found in some
studies. Therefore, etiologies other than Escherichia coli, such as Pseudo-
monas aeruginosa and Enterococcus faecalis, have been found more
frequently in men [10]. The influence of sex on multidrug-resistant
bacteria have been found to be higher in men in some studies [11, 12],
while others have shown different results [13]. Health care associated
UTI appear to be more common in older women [14, 15]. However, to
our knowledge there are no previous studies specifically designed to
analyze sex differences on aged 80 and over hospitalized patients with
UTI. We have carried out a prospective study in order to know the

Received 20 October 2021; Received in revised form 25 January 2022; Accepted 13 October 2022
2405-8440/© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


mailto:juan.alberola@uv.es
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e11131&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e11131
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2022.e11131

I Lopez-Cruz et al.

influence of sex on the clinical characteristics that could have an effect on
the choice of treatment and the outcomes of community-acquired UTI in
patients aged 80 and over.

2. Methods
2.1. Study design and patients

A cohort prospective observational study was carried out at the
Doctor Peset University Hospital, a university hospital in Valencia, Spain.

All patients aged 80 and over diagnosed with community-acquired
UTI, who were consecutively admitted to an internal medicine ward,
between December 2016 and December 2019, were assessed for inclu-
sion. The diagnosis of UTI was initially made in the hospital emergency
department by a first physician, and confirmed after admission by the
physician in charge, based on history, physical examination, laboratory
and microbiological diagnostic procedures. Patients with nosocomial
UTI, negative urine culture and those who were transferred from the
Intensive Care Unit (ICU) were excluded. Routine clinical care for UTI
was applied without any changes in its management.

2.2. Data collection and definitions

Epidemiological, clinical, laboratory and microbiologic variables
were extracted from the electronic medical record and collected by the
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researchers, according to a previously established data collection form
[16]. The patients were followed up to a month after discharge and their
prognosis and outcomes were also recorded. The flow chart of the pa-
tients eligible for the study and those finally studied during follow-up is
shown in Figure 1.

Age, sex, clinical symptoms and signs and health care associated
infection variables were directly gathered from anamnesis and physical
examination. Comorbidities including diabetes mellitus (fasting plasma
glucose values > 126 mg/dL or glycated hemoglobin values > 6.5
percent), cognitive impairment (clinical criteria for dementia or mild
neurocognitive disorder according to their definition in the Diagnostic
and Statistical Manual for Mental Disorders, Fifth Edition [DSM-5]),
chronic kidney disease (decreased glomerular filtration rate under 60
ml/min on laboratory test, estimated by CKD-EPI equation), chronic
obstructive pulmonary disease (COPD, spirometry demonstrating airflow
limitation by a forced expiratory volume in 1 s/forced vital capacity
[FEV1/FVC] ratio less than 0.7 or less than the lower limit of normal that
is incompletely reversible after the administration of an inhaled bron-
chodilator), connective tissue disease (history of rheumatoid arthritis,
systemic lupus erythematosus, polymyalgia rheumatica, dermatomyosi-
tis/polymyositis or mixed connective tissue disease, according to their
clinical criteria) and indwelling urinary catheter were registered when
they were documented on the electronic medical record. Fever was
considered when the patient reported that the temperature was >38 °C at
home or when it was measured in the emergency department. Laboratory

863 cases of s
diagnosed UTI

\

186 cases of UTI excluded due to
microbiological criteria:

Negative urine culture: 17
Contaminated urine culture: 36
No urine culture: 3

J

677 UTI with positive
urine culture

Gﬁ cases of UTI excluded by \

protocol:

- Younger than 80 years: 179
- Nosocomial UTI: 8

161 UTI cases aged 80
and over

- Transfered from ICU: 18
- Assymptomatic bacteriuria
with another clinical course:

309
KNot willing to participate: 2/

91 women

70 men

Figure 1. Flowchart of 161 cases of community-acquired urinary tract infection. ICU, intensive care unit; UTI, urinary tract infection.
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Table 1. Epidemiological and clinical characteristics and outcomes of patients according to sex.

All (n =161) Women (n = 91) Men (n = 70) P-value
Age in years, median [IQR] 87 [83-90] 87 [80-94] 85.5 [80-91.5] 0.328
Barthel index <35, n (%) 86 (53.4) 53 (58.24) 33 (47.14) 0.162
Comorbidities, n (%)
Diabetes mellitus 62 (38.51) 35 (38.46) 27 (38.57) 0.989
Cognitive impairment 68 (42.24) 45 (49.45) 23 (32.86) 0.035
COPD 14 (8.70) 3(3.30) 11 (15.71) 0.006
Chronic kidney disease 72 (44.72) 38 (41.76) 34 (48.57) 0.389
Connective tissue disease 7 (4.35) 3 (3.30) 4 (5.71) 0.456
Indwelling urinary catheter 42 (26.09) 9 (9.89) 33 (47.14) <0.001
Charlson Comorbidity Index >3 points, n (%) 159 (98.8) 91 (100) 68 (97.1) 0.106
McCabe >2 (ultimately or rapidly fatal) 151 (93.8) 86 (94.5) 65 (92.9) 0.748
Healthcare-associated UTI, n (%) 101 (62.73) 56 (61.54) 45 (64.29) 0.721
Previous antibiotic therapy, n (%) 79 (49.1) 41 (45.1) 38 (54.3) 0.269
Previous hospitalization, n (%) 55 (34.2) 30 (32.9) 25 (35.8) 0.740
Nursing home residence, n (%) 19 (11.8) 11 (12.09) 8(11.43) 0.899
Clinical symptoms and signs, n (%)
Dysuria, urinary frequency and/or urgency 74 (45.96) 37 (40.66) 37 (52.86) 0.124
Fever 122 (75.78) 66 (72.53) 56 (80) 0.273
Flank pain 36 (22.36) 17 (18.68) 19 (27.14) 0.201
Costovertebral angle tenderness 25 (15.53) 14 (15.38) 11 (15.71) 0.954
Nausea and/or vomiting 4(2.48) 2 (2.20) 2(2.85) 0.790
Marked fatigue or malaise 10 (6.21) 6 (6.59) 4 (5.71) 0.819
Acute mental status changes 90 (55.90) 55 (60.44) 35 (50) 0.186
Macroscopic hematuria 5(3.10) 2(2.20) 3(4.26) 0.198
Acute urinary retention 46 (28.57) 26 (28.57) 20 (28.57) 1.000
Vital signs
Temperature (°C), mean + SD 37.19 (1.19) 37.08 (1.23) 37.34 (1.13) 0.167
Mean arterial pressure (mmHg), mean + SD 86.41 (21.02) 88.52 (20.36) 83.68 (21.69) 0.148
Heart rate (bpm), median [IQR] 90 [77-104] 92 [65-119] 94 [67-121] 0.583
Respiratory rate (bpm), median [IQR] 16 [14-22] 20 [11-29] 16 [8-24] 0.462
Glasgow coma scale <14, n (%) 90 (55.9) 55 (60.4) 35 (50) 0.203
Sepsis (SOFA >2), n (%) 93 (57.8) 51 (56) 42 (60) 0.633
Septic shock, n (%) 28 (17.39) 11 (12.09) 17 (24.29) 0.043
APACHE 1I score, median [IQR] 14 [10-18] 14 [6-12] 17 [9-25] 0.065
Bacteremia, positive/total of blood cultures, n (%) 36/92 (39.13) 20/45 (44.44) 16/47 (34.04) 0.078
Inadequate empiric antibiotic therapy, n (%) 44 (27.33) 22 (24.18) 22 (31.43) 0.306
Length of hospital stay, median [IQR] 5 [4-8] 5 [0-10] 5 [0-10] 0.533
In-hospital mortality, n (%) 23 (14.29) 16 (17.58) 7 (10) 0.173
30-day mortality, n (%) 33 (20.50) 19 (20.88) 14 (20) 0.891

assessments consisted of a coagulation testing, complete blood count,
blood chemistry test including assessment of liver and renal function and
measures of electrolytes, procalcitonine and C-reactive protein. Micro-
biological data were obtained from urine and blood culture and suscep-
tibility testing. They included presence of bacteremia, etiology of UTI by
culture isolation, pattern of resistance of the isolated microorganisms and
occurrence of polymicrobial infection. The detail microbiological pro-
cedures have been previously published [16]. Multidrug-resistant bac-
teria was defined as non-susceptibility to at least one agent in three or
more antimicrobial categories (extended-spectrum penicillins, carbape-
nems, cephalosporins, aminoglycosides, and fluoroquinolones for gram-
negative bacteria; and ampicillin, vancomycin, fluoroquinolones,
fosfomycin and linezolid for grampositive bacteria).

Patients were classified according to their underlying diseases using a
modified McCabe and Jackson's classification with the following cate-
gories: 1 (non-fatal); 2 (rapidly fatal); and 3 (ultimately fatal) [17]. The
Charlson Comorbidity Index (CCI) adjusted for age was used as a measure
of total comorbidity burden [18]. Functional status of the patients was
ranked using the Barthel index, considering a score of <35 to define
severe or total dependence for basic activities of daily living [19]. The

acute physiology and chronic health evaluation classification system
(APACHE II) score was used to identify illness severity at admission [20].
Community onset healthcare-associated UTI (HCA-UTI) was defined by
the presence of any of the following criteria: (I) hospitalization in the last
90 days, (II) previous use of antibiotics in the last 3 months, and (III)
residing in a nursing home [21]. Sepsis and septic shock were defined
according to the criteria of the Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3) [22].

At the end of follow-up, inadequate empirical antimicrobial therapy
(IEAT), length of stay in hospital, in-hospital mortality, and 30-day
mortality were recorded. IEAT was considered as the occurrence of
ineffective treatment due to absence of specific antimicrobial agents
directed against the microorganism or the administration of an antimi-
crobial agent to which the responsible microorganism was resistant at the
time the causative microorganism and its antibiotic susceptibility were
known [23].

The study was approved by the Clinical Research Ethics Committee of
the Doctor Peset University Hospital. Informed consent was signed by
every patient or his legal representative when the patient was unable to
consent. The data were anonymously analyzed according to the sex of the
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patients. Treatment of data, information sheet and informed consent are
in accordance under the provisions of the Declaration of Helsinki
(version of Fortaleza 2013) [24].

2.3. Statistical analysis

Quantitative variables are reported as the mean + SD and compared
using Student's t-test or analysis of variance (ANOVA) when the distri-
bution was normal. They were reported as the median and the inter-
quartile range [IQR] and compared using Mann-Whitney U-test when
their distribution was not normal. Qualitative variables are reported as
the number and percentage and they were compared with chi square test
and Fisher's exact test. Multivariate analysis was performed using logistic
regression. An o significance level of <0.05 for a two-tailed test was
considered for all tests. The statistical package SPSS version 22 from IBM
for Windows was used for the statistical analysis.

3. Results

A total of 161 patients aged 80 and over with community-acquired
UTI were included into the study. Ninety-one (56.52%) were women
and 70 (43.48%) men. The mean age was 87 years (95% CI 83-90 years),
without significant differences in age between sexes.

Baseline characteristics and outcomes according to sex are shown in
Table 1 (Epidemiological and clinical characteristics and outcomes of
patients according to sex), as well as comorbidities, frequency of clinical
symptoms and signs, and severity scores at presentation. Women were
more likely to have cognitive impairment (49.75% vs. 32.86%, p =
0.035) and less likely to have COPD (3.3% vs. 15.71%, p = 0.006) and
indwelling urinary catheter (9.89% vs. 47.14%, p < 0.001) than men.
There were no differences between sexes in Charlson Comorbidity Index,
which was >3 points in 159 (98.8%) of the patients. McCabe's index was
>2 in 151 (93.8%) patients and Barthel index was <35 in 86 (53.4%)
patients without significant differences between sexes. Severity
measured by APACHE II score was comparable in both groups. There
were similar rates of sepsis in both groups, but septic shock at presen-
tation was more frequent in the male group (12.09% vs. 24.29%, p =
0.043). Hospital mortality was 14.29% (17.58% in women and 10% in
men) and 30-day mortality was 20.5% (20.88% in women and 20% in
men), with no statistical differences between sexes. There was no sig-
nificant difference in the length of hospital stay, with a median of 5 days
in both sexes. IEAT was 27.3% (24.18% in women and 31.43% in men),
without any statistically significant differences between groups.

The laboratory parameters are described in Table 2 (Laboratory data
at admission according to sex). Levels of creatinine were higher in men
than in women (p = 0.008). There were no significant differences in
other laboratory tests.

The microbiological characteristics of UTI are shown in Table 3
(Etiology of UTI according to sex). Escherichia coli was the most common
cause of infection in both sexes (61.5% in women and 60% in men,
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Table 3. Etiology of UTI according to sex.

All Women Men P-value
(n=161) (n=91) (n=70)
Escherichia coli, n (%) 98 (60.9) 56 (61.5) 42 (60) 0.843
Klebsiella spp., n (%) 29 (18.0) 19 (20.9) 10 (14.3) 0.280

Enterococcus spp., n (%) 20 (12.4) 8 (8.8) 12 (17.1) 0.177
Pseudomonas 15 (9.3) 3(3.3) 12 (17.1) 0.003
aeruginosa, n (%)

Proteus mirabilis, n (%) 5(3.1) 4 (4.9 11.49 0.282
Serratia spp., n (%) 2(1.2) 1(1.1) 1(1.49 0.851
Citrobacter spp., n (%) 2(1.2) 1Q1.1) 101.49 0.851
Other bacteria 6 (3.7) 3(1.9) 3(1.9) 0.743
Candida spp., n (%) 3(1.9 2(2.2) 1(1.49 0.720
Polymicrobial 18 (11.2) 6 (6.6) 12 (17.1) 0.035
infection, n (%)

Multidrug-resistant 63 (39.1) 34 (37.4) 29 (41.5) 0.860
bacteria, n (%)

Extended-spectrum f-lactamase 16 (9.9) 11 (12.1) 5(7.1) 0.298

producing bacteria, n (%)

respectively). Men had a higher rate of polymicrobial infection than
women (6.6% vs. 17.1%, respectively; p = 0.035). A higher rate of
Pseudomonas aeruginosa infection was found in men (3.3% in women vs
17.1% in men; p = 0.003). There was no significant association between
polymicrobial infection and septic shock in men (p = 0.123).

Patients were treated with different empirical antibiotic regimens.
Most of them were treated with ceftriaxone (46%), followed by carba-
penems (24.2%), other beta-lactams (8.7%), quinolones (6.2%) and beta-
lactams and gentamycin (3.1%). Treatment options did not influence in-
hospital mortality (p 0.632) nor were there any differences between
sexes (p = 0.144).

A logistic regression model was elaborated using the variables with a
p-value <0.1 in the univariate analysis to identify those factors inde-
pendently associated with sex. Cognitive impairment was associated with
female sex (OR 0,36; p = 0.010) and COPD (OR 7,53; p = 0.006), septic

Table 4. Variables independently associated with sex.

Univariate analysis Multivariate analysis

OR (95% CI)
0.67 (0.45-0.99)  0.035
1.96 (1.4-2.74) 0.006
2.53 (1.85-3.45)  <0.001
1.52 (1.06-2.19)  0.043

OR (95% CI) P-value
0.36 (0.16-0.78) 0.010
7.53 (1.77-32.04)  0.006
9.82(3.35-28.79)  <0.001

3.13 (3.13-8.27) 0.022

P-value

Cognitive impairment*
COPD**
Urinary catheter™*

Septic shock**

P. aeruginosa 2.01 (1.46-2.78)  0.003 0.96 (0.16-5.71) 0.967
Polymicrobial 1.64 (1.12-2.41)  0.035 0.86 (0.29-4.39) 0.861
infection

" Associated with female sex.
™ Associated with male sex.

Table 2. Laboratory data at admission according to sex.

All (n =161) Women (n = 91) Men (n = 70) P-value
Creatinine (mg/dl), (mean + SD) 1.5 [1.1-2.4] 1.5 [1-2] 1.8 [0.4-3.2] 0.008
Albumin (mg/dl), (mean + SD) 3.1 [2.7-3.4] 2.9 [2.2-3.6] 2.8 [2-3.6] 0.380
Bicarbonate (mEq/L), (mean + SD) 24.53 (5.46) 24.96 (5.86) 24.01 (4.94) 0.299
C-reactive protein >10 mg/1, n (%) 149 (92.54) 84 (92.30) 65 (92.85) 0.895
Procalcitonine >0.5 ng/dL, n (%) 140 (86.9) 78 (85.7) 62 (88.6) 0.644
Lactate >2 mmol/L, n (%) 87 (54) 50 (54.9) 37 (52.9) 0.874
Hemoglobin (g/dL), (mean =+ SD) 11.76 (2.18) 11.61 (2.23) 11.96 (2.11) 0.310
Leukocyte count (cells/pL), (mean + SD) 12600 [8700-18350] 13100 [4100-22100] 16300 [7300-25300] 0.107
Platelet count (cells/pL), (mean + SD) 186000 [146000-250500] 198000 [72-324000] 193000 [80750-305250] 0.853
Pyuria (cells/pL), (mean + SD) 1054 [388-3837] 1564 [0-5612] 1298.5 [0-7413] 0.123
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shock (OR 3,13; p = 0.022) and urinary catheter (OR 9,82; p < 0.001)
were associated with male sex (see Table 4, Variables independently
associated with sex).

4. Discussion

In this study, we found that men and women aged 80 years and older
admitted to hospital with community-acquired UTI had certain differ-
ences in terms of comorbidities, clinical presentation and etiology, which
may have important clinical practice implications.

In our findings UTI in women was more commonly associated with
cognitive impairment than in men. This association was not unexpected,
as dementia more commonly affects women [26] and cognitive impair-
ment has been found to be an independent predictor of developing UTI
among the very old in the general population [27]. Patients in our study
also showed a high prevalence of severe or total dependence for basic
activities of daily living, but there was no difference between sexes.
Catheter-associated UTI was more than four times more common in men,
similarly to other previous studies which found that male sex and older
age were independent risk factors for indwelling urinary catheter, which
increases the risk of UTI approximately 2-3 times [28]. The use of
indwelling catheter has been associated with UTI caused by
drug-resistant bacteria in some studies [12, 29]. However, as in others
works [5, 30], the frequencies of multidrug-resistant bacteria or
Extended-spectrum f-lactamase producing bacteria in our study were not
different between sexes. Pseudomonas aeruginosa and polymicrobial
infection were more common in men by univariate analysis and even
though they were not statistically associated by multivariate analysis,
probably due to the fact that indwelling urinary catheter was more
common in men, we suggest considering antibiotics with activity for
Pseudomonas aeruginosa and polymicrobial infections, at least in severe
UTI in catheter-associated UTI in men.

As might be expected, the frequency of COPD was much more prev-
alent in men. This finding could almost certainly be attributable to the
higher proportion of smokers in men. Factors associated with healthcare-
associated UTIL, such as previous hospitalization, use of antibiotics or
nursing house residence, have been associated with longer hospitaliza-
tion and higher mortality [23] and some studies have found that they are
more common in women [14, 15]. However, factors associated with
healthcare-associated UTI were similar in both sexes in our study. This
might be due to the fact that our patients were older than those included
in previous studies.

We would point out that in our study male sex was associated with
septic shock, although there were not differences in severity measured by
APACHE II nor in the incidence of sepsis, as well as [EAT, length of stay
and mortality were similar in both sexes. This prevalence of more severe
forms of infections in men has been described in a big Korean study on
patients with sepsis from different sources, where it was found that organ
failure was more common in men, although septic shock was similar in
both sexes [31]. Furthermore, another Italian study showed that men
more commonly have septic shock and younger age than women in
critical care [32]. Another aspect of clinical interest is the higher per-
centages of infections caused by P. aeruginosa and polymicrobial in-
fections in men in the univariate analysis, which are more difficult of
being empirically treated. Although, these differences disappeared in the
multivariate analysis, which could be explained because of their
well-known association with indwelling urinary catheter that is more
common in men.

The main strength of our study is its prospective design focused on a
well-defined population and addressed specifically to analyze the
possible differences between women and men. The study also has several
limitations. Firstly, it was carried out in a single center, so our findings
may be difficult to generalize to other healthcare setting or other
geographic regions. Secondly, the population in our study corresponds to
very old patients admitted to an internal medicine department and our
findings could differ in other populations with UTI, such as nosocomial
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UTI or critical care patients. All in all, our results may help the clinician to
treat better very old women and men with community-acquired UTI
admitted to hospital.

In this study involving patients aged 80 and over with community-
acquired UTL, men had more septic shock on admission to hospital and
higher rates of indwelling urinary catheter, which could account for
different etiologies, while women had more cognitive impairment.
However, there were no differences in outcomes between sexes.
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