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OBJECTIVE. To define the relationships between age, sex and hospital-acquired infection (HAI) rates in a national cohort of hospitalized 
patients. 

METHODS. Analysis of chart-abstracted Medicare Patient Safety Monitoring System data from randomly selected medical records of 
patients hospitalized between lanuary 1, 2009, and December 31, 2011, for acute cardiovascular disease, pneumonia, or major surgery 
associated with 1 of 6 HAIs. Patients were stratified into 6 groups. We then analyzed the association of age, sex, and 2 outcomes; the rate 
of occurrence of HAI for patients who were at risk and the rate of patients having at least 1 HAI. 

RESULTS. Among 85,461 patients, all groups except younger female surgical patients had higher catheter-associated urinary tract infection 
(CAUTI) rates than male patients. After adjustment for comorbidities, there was no overall evidence of higher HAI rates among elderly 
patients. In patients with acute cardiovascular disease, women had higher rates of HAIs. Among patients with pneumonia, there was no 
significant difference in the rate of HAIs among most age and sex groups. Among surgical patients, all age and sex groups had a significantly 
higher adjusted rate of developing at least 1 HAI except females 65 years of age or older. Similar results were seen for the outcome of the 
occurrence rate of HAIs. 

CONCLUSIONS. There was not an overall increased risk of HAIs among older patients hospitalized for acute cardiovascular disease, 
pneumonia, and major surgery after adjustment for comorbidities. The relationship between sex and the rate of HAIs varied depending 
upon the underlying acute reason for hospitalization. 
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Hospital-acquired infections (HAIs) are a major cause of of development of various HAIs. Elderly individuals are at 

morbidity and mortality in hospitalized patients. It is esti- higher risk of developing HAIs, possibly in part because of 

mated that 1 in 20 inpatients has an infection related to immunosenescence, the age-related decline of the immune 

hospital care at any given time. HAIs cost the US healthcare system.7 The higher prevalence of comorbidities in the elderly 

system approximately 30 billion dollars annually.1 Numerous population likely plays an important role in the development 

studies have attempted to define risk factors for HAIs. The of HAIs. Sex also plays a role in the development of certain 

frequency with which invasive devices are used and the length HAIs; there is strong evidence of an increased risk of CAUTI 

of time they remain in place directly influence the rate of in females, attributable to anatomic differences that result in 

many types of HAIs, including catheter-associated urinary a greater propensity for bacterial contamination of the cath-

tract infection (CAUTI),2 central line-associated bloodstream eter.2 For HAIs other than CAUTI, the evidence is limited 

infection (CLABSI),3 and ventilator-associated pneumonia and sometime conflicting. For example, some studies have 

(VAP).4 Additionally, suboptimum practices related to iso- reported a higher risk for Clostridium difficile infection in 

lation,5 procedural technique,5'6 and care of indwelling de- males,8 whereas others have not.9 In a retrospective cohort 

vices3,6 contribute to the prevalence of certain HAIs. study, Cohen et al10 found that men were at higher risk for 

Patient characteristics are also thought to influence the risk bloodstream and surgical site infections, possibly because of 
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TABLE 1. Patient Characteristics 

Characteristic 

Percentage of aggregate patients 

Condition 

Acute cardiovascular disease 

Proportion 

Percentage 

Pneumonia 

Proportion 

Percentage 

Major surgery 

Proportion 

Percentage 

Comorbidity, % of patients 

Cancer 

Diabetes 

Obesity 

Cerebrovascular disease 

CHF/pulmonary edema 

COPD 

Smoking 

Renal disease 

Aggregate 

(n = 85,461) 

100.0 

35,270/85,461 

41.3 

25,034/85,461 

29.3 

25,157/85,461 

29.4 

19.3 

35.2 

23.3 

16.2 

40.9 

30.6 

23.8 

25.7 

Age 18-44 years 

(n = 5,218) 

6.1 

507/35,270 

1 

1,229/25,034 

5 

3,482/25,157 

14 

6.2 

12.7 

27.0 

2.3 

8.5 

7.1 

36.9 

5.4 

Female sex 

Age 45-64 years 

(n = 12,988) 

15.2 

3,521/35,270 

10 

3,403/25,034 

14 

6,064/25,157 

24 

14.8 

34.4 

35.4 

8.8 

24.4 

26.2 

33.5 

14.2 

Age >65 years 

(n = 28,189) 

33.0 

12,908/35,270 

37 

8,486/25,034 

34 

6,795/25,157 

27 

21.2 

36.7 

19.7 

21.6 

51.9 

33.7 

11.6 

29.8 

Age 18-44 years 

(n = 2,789) 

3.3 

985/35,270 

3 

1,122/25,034 

4 

682/25,157 

3 

5.7 

19.5 

27.9 

3.5 

21.3 

10.3 

47.6 

14.1 

Male sex 

Age 45-64 years 

(n = 12,896) 

15.1 

6,090/35,270 

17 

3,176/25,034 

13 

3,630/25,157 

14 

13.4 

36.2 

28.1 

9.9 

30.9 

26.2 

27.7 

19.7 

Age >65 years 

(n = 23,381) 

27.4 

11,259/35,270 

32 

7,618/25,034 

30 

4,504/25,157 

18 

27.3 

40.2 

17.0 

21.9 

51.7 

39.6 

16.5 

36.6 

NOTF. Data are proportion (%) of patients, unless otherwise indicated. CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease. 

differences in propensity for skin colonization or anatomical 
differences. Other studies have not detected a higher rate of 
CLABSI in males." 

The Medicare Patient Safety Monitoring System (MPSMS) 
includes information on 21 patient safety measures abstracted 
from a randomly selected all-payer national sample of charts 
of patients hospitalized in acute care hospitals from 2002 to 
2012, with the exception of 2008, when no data were ab­
stracted.'213 These measures include 6 HAI indicators re­
ported in the current study; CLABSI, CAUTI, hospital-
acquired C. difficile, sterile site methicillin-resistant 
Staphylococcus aureus (MRSA), postoperative pneumonia, 
and VAP. Enhanced understanding of the risk factors and 
epidemiology of HAIs is an important basis for preventative 
efforts. This study was designed to explore sex- and age-
related differences in specific HAI rates among a large, ran­
domly selected national cohort of patients while controlling 
for patient characteristics and common comorbidities. 

M E T H O D S 

Study Sample 

Our study sample was drawn from the 2009-2011 MPSMS 
data, which included patients 18 years of age and older dis­
charged from an acute care hospital for 4 conditions: acute 
myocardial infarction (AMI), heart failure (HF), pneumonia, 
and conditions requiring major surgery as defined by the 
Surgical Care Improvement Project. For this study, we com­

bined patients with AMI and patients with HF together as 
"acute cardiovascular disease." 

Patient Characteristics 

Patient characteristics include demographic characteristics of 
age, sex, and race as well as clinical comorbidities. Age was 
categorized into 3 groups: (1) 18-44 years, (2) 45-64 years, 
and (3) 65 years or older. Sex was coded as female or male. 
Clinical comorbidities were identified from the medical re­
cords and include heart failure, obesity, coronary artery dis­
ease, renal disease, cerebrovascular disease, chronic obstruc­
tive pulmonary disease, cancer, diabetes, and smoking. 

HAI Measures and Outcomes 

The 6 HAI measures are (1) CLABSI, (2) postoperative pneu­
monia, (3) CAUTI, (4) sterile site hospital-acquired MRSA, 
(5) hospital-acquired C. difficile, and (6) VAP. Definitions and 
algorithms to identify these HAIs differ from those used in 
the Centers for Diseases Control and Prevention National 
Healthcare Safety Network (NHSN) and are available online 
(http://www.qualidigm.org/index.php/current-initiatives/ 
mpsms) and in the on-line appendix to a recent publication.13 

Our primary interests were 2 composite outcomes of these 
6 HAIs: the rate of occurrence of adverse events for which 
patients were at risk, and the rate of patients with 1 or more 
adverse events, as described in a previous study.13 Not all 
patients were at risk for all HAIs. For example, only patients 
who underwent bladder catheterization were at risk for 
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T A B L E 2 . 

Variable 

Rates of Catheter-Associated Urinary Tract Infection (CAUTI) 

No. of patients with CAUTIs/no. of patients at risk (% [95% CI]) 

Age 18-44 years Age 45-64 years Age >65 years 

Pneumonia 
Male 
Female 

Acute cardiovascular disease 
Male 
Female 

Major surgery 
Male 
Female 

5/156 (3.2 [1.2-7.5]) 
7/142 (4.9 [2.2-10.0]) 

3/138 (2.2 [0.5-6.5]) 
9/121 (7.4 [3.8-13.7]) 

11/723 (1.5 [0.8-2.7]) 
29/778 (3.7 [2.6-5.3]) 

33/1,208 (2.7 [1.9-3.8]) 
55/1,099 (5.0 [3.9-6.5]) 

81/2,113 (3.8 [3.1-4.7]) 
115/2,663 (4.3 [3.6-5.2]) 

142/3,347 (4.2 [3.6-5.0]) 
355/5,315 (6.7 [6.0-7.4]) 

8/577 (1.3 [0.7-2.8]) 29/3,011 (1.0 [0.7-1.4]) 103/3,809 (2.7 [2.2-3.3]) 
16/3,242 (0.5 [0.3-0.8]) 75/5,287 (1.4 [1.1-1.8]) 218/5,632 (3.9 [3.4-4.4]) 

NOTE. CI, confidence interval. 

CAUTI, and only patients with mechanical ventilation were 

at risk for VAP. 

Statistical Analysis 

We fitted a mixed-effects model with a logit link function to 
assess the relationship of age-sex and the rate of occurrence 
of adverse events and the rate of patients with 1 or more 
adverse events. Models were fitted with hospital-specific ran­
dom intercepts to account for within-hospital and between-
hospital variations and adjusted for patient characteristics 
(age, race, and comorbidities). All models included 5 dummy 
variables: male and age 18-44 years, male and age 45-64 
years, female and age 18-44 years, female and age 45-64 years, 
female and aged 65 years and older, with the reference group 
being males aged 65 years and older. Models were fitted for 
patients with cardiovascular disease, pneumonia, and major 
surgery separately. Analyses were conducted using SAS ver­
sion 9.2 (SAS Institute). We obtained institutional review 
board approval through Solutions IRB (http://www 
.solutionsirb.com), which waived the requirement for in­
formed consent. 

RESULTS 

The final study sample included 85,461 individual patients, 
35,270 with AMI/HF, 25,034 with pneumonia, and 25,157 
surgical patients. Table 1 demonstrates the demographic char­
acteristics and comorbidities of the study patients. Patients 
with acute cardiovascular disease comprised 41.3% of the 
sample, patients with pneumonia comprised 29.3%, and pa­
tients with major surgery comprised 29.4%. Heart failure and/ 
or pulmonary edema was the most frequently occurring co­
morbidity (40.9%), followed by diabetes (35.2%) and chronic 
obstructive pulmonary disease (30.6%) for the total sample. 
Male and female patients in the 65 years of age or older group 
had higher rates of all comorbidities except smoking and 
obesity. 

The unadjusted rates of HAIs for which the patients were 
at risk are presented in Tables 2 and 3. CAUTIs represent 
1,294 (52.8%) of all 2,449 HAIs detected. We present the 
CAUTI rates in Table 2 and a composite rate of the 5 other 
HAIs in Table 3. For all age groups and underlying conditions, 
except surgical patients 18-44 years of age, females were at 
higher risk of CAUTI than males. The relationship between 

T A B L E 3 . 

Variable 

Composite Rates of Other Hospital-Acquired Infections (HAIs) 

No. of patients with infection/no. of patients at risk (% [95% CI]) 

Age 18-44 years Age 45-64 years Age >65 years 

Pneumonia 
Male 
Female 

Acute cardiovascular disease 
Male 
Female 

Major surgery 
Male 
Female 

11/2,225 (0.5 [0.3-0.9]) 
0/2,431 (0.0 [0.0-0.2]) 

6/1,361 (0.4 [0.2-1.0]) 
1/750 (0.1 [0.0-0.8]) 

26/2,149 (1.2 [0.8-1.8]) 99/11,451 (0.8 [0.4-1.6]) 205/14,364 (1.4 [1.0-2.2]) 
26/10,388 (0.2 [0.1-0.8]) 81/18,493 (0.4 [0.2-0.9]) 216/21,114 (1.0 [0.7-1.6]) 

39/6,294 (0.6 [0.5-0.9]) 
36/6,771 (0.5 [0.4-0.7]) 

48/9,215 (0.5 [0.4-0.7]) 
25/5,400 (0.5 [0.3-0.7]) 

98/14,826 (0.7 [0.4-1.3]) 
92/16,566 (0.6 [0.2-1.1]) 

101/17,632 (0.6 [0.3-1.1]) 
58/20,234 (0.3 [0.1-0.7]) 

NOTE. Includes the following HAIs: catheter-associated bloodstream infection, hospital-acquired Clostridium dif­
ficile, sterile site methicillin-resistant Staphylococcus aureus, postoperative pneumonia, and ventilator-associated 
pneumonia. CI, confidence interval. 
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FIGURE 1. Observed adverse event rate, age 18 years and older, both sexes, by condition. 

age and CAUTI rates varied between patient groups and sex. 
In Table 3, representing a composite rate for CLABSI, post­
operative pneumonia, MRSA, C. difficile and VAP, it can be 
seen that, for most groups, females have lower rates of HAIs. 
The association between age and HAI rates is less consistent. 
The unadjusted rates demonstrate higher HAI rates in older 
surgical patients but no obvious age-related trend for the 
other 2 conditions. 

Figure 1 represents the observed adverse event rate (%) 
for all included ages and both sexes by condition. Figure 2A 
illustrates the adjusted odds ratios of occurrence of any HAI 
by age and sex group. Compared with the reference group 
of men aged 65 years and older, the adjusted rate of occur­
rence of HAIs varied depending on the underlying acute clin­
ical condition. Among patients with acute cardiovascular dis­
ease, women of any age had a higher adjusted HAI rate. 
However, among patients with pneumonia, younger women 
had a lower rate of HAIs, and all other groups had similar 
HAI rates. Among surgical patients, all groups had similar 
adjusted HAIs rates, except for younger males, who had a 
markedly higher adjusted rate of HAIs. Overall, the risk-
adjusted rates do not demonstrate higher rates of HAIs in 
the older patients. Figure IB illustrates the odds ratio of oc­
currence of at least 1 HAI by age and sex group. When 
compared with Figure 2A, similar patterns are seen, with the 
exception of younger females in the surgical group having 
significantly higher rates of HAI. 

D I S C U S S I O N 

In our large, nationally representative study of age-sex dis­
parities in HAIs, we found variation in the rate of HAIs 
dependent on the specific HAI (CAUTI vs a composite rate 
of other HAIs). The association between age and sex and 
adjusted HAI rates was complex but demonstrated no clear 
age-dependent trend. Furthermore, the age and sex-related 
variation in HAI rates was dependent upon the patient's un­
derlying acute medical condition. In patients with acute car­

diovascular disease, women had higher rates of HAIs. Among 
patients with pneumonia, young women had the lowest risk, 
whereas men and women of other age groups had similar 
rates. Among surgical patients, young men had the highest 
rate of HAIs. Young women who were surgical patients may 
include a large number of healthy women who received hys­
terectomies and may be at lower risk of HAIs than men in 
the same age group who are surgical patients. Overall, older 
patients did not have higher risk-adjusted HAI rates. These 
results diverge from several earlier studies in which HAI rates 
were the highest among elderly patients,2,7"9 although other 
studies have not detected a relationship between age and some 
HAIs.414 One potential explanation for not finding an in­
creased rate of HAIs among the elderly population is that we 
only included in our denominator those patients who were 
at risk for a specific infection, unlike studies that used all 
hospitalized patients as their denominator.7 For example, if 
elderly patients are at increased risk of CLABSI only because 
of an increased central venous catheterization rate relative to 
younger patients, our analyses would not detect that. Simi­
larly, patients known to be colonized with MRSA at the time 
of admission were excluded from the MRSA denominator in 
our study. However, it seems most appropriate to explore 
HAI rates only among the patient population at risk for the 
HAI. 

Although this study cannot determine the underlying rea­
sons for the variation in HAI rates observed, several factors 
likely contribute. Like others,2 we found a higher unadjusted 
rate of CAUTI in females than in males. This may be driving 
our observation of a higher adjusted rate of HAIs among 
females (compared with males) with cardiovascular disease 
and surgical conditions (except in females 65 years of age 
and older). This relationship was not seen in females with 
pneumonia, possibly related to the fact that patients with 
pneumonia receive systemic antibiotic treatment, which may 
prevent certain HAIs, including VAP15 and CAUTI.16 Al­
though there are not likely to be sex-specific differences in 
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FIGURE 2. A, Adjusted odds ratio of rate of occurrence of healthcare-associated infections among all 6 age and sex groups. B, Adjusted 
odds ratio of patients having at least 1 healthcare-associated infection among all 6 age and sex groups. Ref, reference. 

antibiotic use for pneumonia, antibiotic exposure might allow 
factors other than sex-related anatomic differences to assume 
a greater role (eg, catheter care and severity of illness). The 
finding of a markedly lower risk of HAI among younger 
females with pneumonia than among males is difficult to 
explain. We also found a much higher rate of HAI in young 
male surgical patients compared with all other groups. Young 
males are overrepresented among patients admitted to the 
hospital with major trauma, and there is evidence that trauma 

patients are at high risk of HAI,17 potentially contributing to 
this finding. 

Our study has limitations that should be mentioned. Our 
methodology only detects HAIs that were diagnosed and doc­
umented, so some HAIs may not have been identified. Fur­
thermore, there were low numbers of certain infections, lim­
iting our ability to analyze sex- and age-related differences 
for most of the individual types of infections. We therefore 
used a composite measure of HAIs, which may have obscured 
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sex and age related relationships that could exist in specific 
types of HAL We also include only patients hospitalized with 
acute cardiovascular disease, pneumonia, or major surgery, 
so our results are not representative of all patients admitted 
to the hospital. Finally, our methodology does not allow us 
to differentiate between potentially preventable HAIs and 
those that were not preventable. 

There are some notable strengths of this study. Our patient 
sample is composed of a randomly selected national sample. 
The results are based on chart abstraction by experienced 
abstractors, and HAI rates are calculated using rigorously 
tested algorithms developed by national clinical and patient 
safety experts.13 This methodology avoids the potential bias 
associated with other national HAI data sets, such as the 
NHSN, which relies on hospital reported data.19 

In summary, we analyzed data from a large, randomly 
selected national sample of patients admitted to the hospital 
with acute cardiovascular disease, pneumonia, and major sur­
gery to determine sex- and age-related differences in HAI 
rates. After adjusting for underlying comorbidities, we found 
no overall relationship between age and HAI rates. Unad­
justed rates of CAUTI were higher among females than males, 
concordant with earlier studies. For other infections, both 
unadjusted and adjusted HAI sex-related variations in rates 
varied depending on the underlying cause for hospital ad­
mission. These findings provide important epidemiologic in­
formation for clinicians, administrators, and policy makers 
who are tasked with the surveillance and prevention of HAIs. 
The data suggest that there are no simple ways to focus HAI-
prevention efforts based solely on age or sex. We suggest that 
HAI prevention efforts should be widespread and include 
younger and healthier patients as well as the elderly 
population. 
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