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Background: The purpose of this study is to determine whether elderly subjects with severe 

brain atrophy, which is associated with neurodegeneration and difficulty swallowing (dysphagia), 

are more susceptible to lower respiratory tract infections (LRTI), including pneumonia.

Methods: The severity of brain atrophy was assessed by computed tomography in 51 nursing 

home residents aged 60–96 years. The incidence of LRTI, defined by body temperature $ 38.0°C, 

presence of two or more respiratory symptoms, and use of antibiotics, was determined over 

4 years. The incidence of LRTI was compared according to the severity and type of brain 

atrophy.

Results: The incidence rate ratio of LRTI was significantly higher (odds ratio 4.60, 95% 

confidence interval 1.18–17.93, fully adjusted P = 0.028) and the time to the first episode of 

LRTI was significantly shorter (log-rank test, P = 0.019) in subjects with severe brain atrophy 

in any lobe. Frontal and parietal lobe atrophy was associated with a significantly increased risk 

of LRTI, while temporal lobe atrophy, ventricular dilatation, and diffuse white matter lesions 

did not influence the risk of LRTI.

Conclusion: Elderly subjects with severe brain atrophy are more susceptible to LRTI, possibly 

as a result of neurodegeneration causing dysphagia and silent aspiration. Assessing the severity 

of brain atrophy might be useful to identify subjects at increased risk of respiratory infections 

in a prospective manner.

Keywords: brain atrophy, dysphagia, elderly, pneumonia, respiratory infection, white matter 

lesions

Introduction
Brain atrophy is frequently observed in elderly people, based on computed tomogra-

phy (CT) findings.1 Brain atrophy is a marker of neurodegeneration,2,3 which is often 

associated with difficulty swallowing (dysphagia).4,5 In turn, dysphagia may cause 

aspiration pneumonia and lower respiratory tract infection (LRTI).6 From this context, 

we hypothesized that brain atrophy may represent neurodegeneration, which might 

result in dysphagia and subsequent respiratory infection. Therefore, the aim of this 

study was to examine this hypothesis and determine whether elderly subjects with 

severe brain atrophy are more susceptible to LRTI.

Materials and methods
Subjects
The subjects consisted of residents in a nursing home in an urban area of Nagoya City, 

Japan. Medical care was provided by physicians of the clinic located by the residence. 
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Brain CT was performed on some of the residents at 

 admission to check their underlying cerebrovascular dis-

ease, or during follow-up when needed (such as evaluation 

of dementia and minor head injury). All the residents who 

underwent brain CT from January 2006 to June 2006 and 

who could be observed for more than one year were selected 

retrospectively. Subjects with major infarction identified on 

brain CT, and subjects on tube feeding were excluded from 

the study. None of the subjects showed hemiparesis, major 

neurological dysfunction, or apparent signs of dysphagia.

Information on the subjects’ baseline characteristics was 

collected from medical records. Hypertension and diabetes 

mellitus were defined as taking antihypertensive or glucose-

lowering medications, respectively. Mobility status was 

evaluated by Eastern Cooperative Oncology Group (ECOG) 

performance status (0–2 and 3–4). Dementia status was 

assessed by orientation (ie, whether the subject was oriented 

or disoriented in time, place, and person). The use of major 

tranquilizers was also assessed. This study was approved 

by the ethics committee of Nagoya University School of 

Medicine (2012–0003) and the ethics committee of Nagoya 

Medical Association.

Assessment of brain CT
All subjects underwent non-contrast brain CT with 10 mm 

continuous slices using a CT-WS-18A scanner (Hitachi, 

Tokyo, Japan). Brain CT images were rated and interpreted 

by a specialized radiologist who was blinded to the subjects’ 

clinical status. Cortical atrophy was classified as absent, 

mild to moderate, or severe in four different lobes (fron-

tal, parietal, temporal, occipital) according to anatomical 

subdivision.1,7 Severe brain atrophy was defined as severe 

atrophy in at least one lobe. Cortical atrophy was also 

evaluated based on the four cortical sulci ratio (sum of the 

widths of the four widest sulci at the two highest scanning 

levels/maximal transversal intracranial width).8 Ventricular 

dilatation was evaluated using the Evans ratio (maximal 

frontal horn width/maximal transversal intracranial width) 

and the third ventricular ratio (maximal width of the third 

ventricle/maximal transversal intracranial width).8 White 

matter lesions in the frontal, parieto-occipital, and temporal 

regions were evaluated using the Wahlund score,9 given 

that these regions show the greatest sensitivity in elderly 

people.1 Lesions were graded as 0 = no lesions, 1 = focal 

lesions, 2 = beginning of lesion confluence, or 3 = diffuse 

involvement of the entire region. Lacunar infarction was 

defined as an area of ,5 mm with attenuation on CT simi-

lar to that of cerebrospinal fluid, and was classified as no, 

single, or multiple infarctions. Major infarction was defined 

as an area $ 5 mm with  attenuation on CT similar to that of 

cerebrospinal fluid.

Definition of lower respiratory  
tract infection
Medical records until the end of December 2009 were 

used retrospectively. Vital signs (blood pressure, heart 

rate, oxygen saturation, body temperature), consciousness 

and symptoms (eg, sputum, cough, dyspnea, chest pain, 

abdominal pain) were assessed by trained nurses and the 

data were recorded in a computerized database. Antibiotics 

were administered orally or intravenously at the physician’s 

decision. LRTI was defined based on the following criteria: 

body temperature $ 38.0°C at least once; two or more respi-

ratory symptoms which were new or of increasing severity 

(sputum, cough, shortness of breath, pleuritic chest pain, or 

worsening functional status); and use of oral or intravenous 

antibiotics.10,11 Infections were defined as new if antibiotics 

had not been administered for $14 days before the event.

Statistical analysis
Baseline characteristics were compared between patients 

with and without severe brain atrophy using χ2 or Wilcoxon 

tests. The incidence of LRTI was compared according to 

the presence of severe brain atrophy, type of brain atrophy 

(cortical atrophy of each lobe, the four cortical sulci ratio, 

Evans ratio, and the third ventricular ratio), and the pres-

ence of diffuse white matter lesions. Incidence rate ratios 

were calculated by Poisson regression analysis, taking into 

account overdispersion using the negative binomial regres-

sion model, with adjustment for age and gender, ie, partially 

adjusted incidence rate ratios, and for age, gender, hyper-

tension, mobility status (assessed by ECOG performance 

status 0–2 and 3–4), dementia status, major tranquilizer  

use, and lacunar infarctions (scored as 0, 1, and 2 for none, 

single, and multiple lacunar infarctions, respectively), ie, 

fully adjusted incidence rate ratios. The analyses were not 

adjusted for diabetes because the number of subjects with 

diabetes was small. Incidence rate ratios were compared 

between the upper and middle tertiles and the lower tertile 

of the four cortical sulci ratio, Evans ratio, and the third 

ventricular ratio. Kaplan-Meier survival curves for the first 

episode of LRTI were plotted according to the severity of 

brain atrophy, and data were compared by the log-rank test. 

STATA version 9 (StataCorp, College Station, TX) was used 

for all analyses. Values of P , 0.05 were considered to be 

statistically significant.
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Results
The baseline characteristics and brain CT findings of the 

patients are shown in Table 1. About half of the subjects (24 in 

51 subjects) showed severe brain atrophy in any lobe. Although 

there were some differences between subjects with no/mid 

brain atrophy and subjects with severe brain atrophy in terms 

of the proportions of subjects with hypertension or diabetes, 

the distribution of performance status, and the distribution of 

orientation/disorientation, these differences were not statisti-

cally significant because of the small number of subjects.

The incidence of LRTI was compared according to the 

severity of cortical brain atrophy (Table 2). The incidence rate 

ratio for LRTI was higher in subjects with severe brain atro-

phy than in those without severe brain atrophy, and was sta-

tistically significant after adjustment for known  confounding 

factors (odds ratio 4.60, 95% confidence interval 1.18–17.93, 

fully adjusted P = 0.028). The incidence rate ratio for LRTI 

was higher in subjects in the middle (odds ratio 3.88) and 

upper (odds ratio 2.08) tertiles of the four cortical sulci ratios 

(an objective scale of cortical atrophy) than in subjects in the 

lowest tertile, although these associations were not statisti-

cally significant. The Kaplan-Meier survival curve showed 

that the time to the first episode of LRTI was significantly 

shorter in subjects with severe brain atrophy than in those 

without (log-rank test, P = 0.019, Figure 1).

The incidence of LRTI was then compared according to 

the type of brain atrophy and the presence of diffuse white 

matter lesions (Table 2). The incidence rate ratios for LRTI 

were significantly greater in patients with frontal or parietal 

lobe atrophy. In contrast, there were no differences in the inci-

dence of LRTI among patients with temporal lobe atrophy, 

ventricular dilatation, or diffuse white matter lesions.

Table 1 Baseline characteristics and brain CT findings according to the severity of brain atrophy

No/mild brain atrophy 
(n = 27)

Severe brain atrophy 
(n = 24)

P valuea

Baseline characteristics
Age (years) 82 (79–88) 85 (83–90) ns
Male 12 (44) 9 (38) ns
Hypertension 16 (59) 10 (42) ns
Diabetes mellitus 5 (19) 1 (4) ns
ECOG Performance status ns
 0–2 19 (70) 14 (58)
 3–4 8 (30) 10 (42)
Dementia status ns
 Oriented 18 (67) 12 (50)
 Disoriented 9 (33) 12 (50)
Major tranquilizer use 7 (26) 4 (17) ns
Follow (years) 3.7 (1.9–4.0) 2.9 (2.7–3.9) ns
Brain CT findings
Cortical atrophy, severe
 Frontal lobe 0 (0) 21 (88) ,0.001
 Parietal lobe 0 (0) 18 (75) ,0.001
 Temporal lobe 0 (0) 10 (42) ,0.001
 Occipital lobe 0 (0) 3 (13) ,0.001
 Four cortical sulci ratio 0.09 (0.08–0.12) 0.15 (0.11–0.17) ,0.001
Ventricular dilatation
 Evans ratio 0.38 (0.35–0.43) 0.36 (0.32–0.42) ns
 Third ventricular ratio 0.08 (0.06–0.11) 0.08 (0.06–0.09) ns
White matter lesions, diffuse
 Frontal 10 (40) 13 (59) ns
 Parieto-occipital 11 (42) 12 (57) ns
 Temporal 6 (29) 4 (31) ns
Lacunar infarction (,2 mm) ns
 Non 12 (44) 8 (33)
 Single 8 (30) 9 (38)
 Multiple 7 (26) 7 (29)  

Notes: Values are n (%) or medians (interquartile range). aχ2 test or Wilcoxon test. Severe brain atrophy was defined as severe atrophy in any of the frontal, temporal, 
parietal or occipital lobe. Four cortical sulci ratio = the sum of the widths of the four widest sulci at the two highest scanning levels/maximal transversal intracranial 
width. Evans ratio = maximal frontal horn width/maximal transversal intracranial width. Third ventricular ratio = maximal width of the third ventricle/maximal transversal 
intracranial width.
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Figure 1 Kaplan-Meier curves for the first episode of lower respiratory tract infection according to severity of brain atrophy.

Discussion
We found that elderly subjects with severe cortical brain 

atrophy, a marker for neurodegeneration and which might 

increase the risk of dysphagia, were at significantly greater 

risk of developing LRTI. The time to the first episode of 

LRTI was also significantly shorter in subjects with severe 

brain atrophy.

Elderly people are particularly susceptible to LRTI, 

including pneumonia, and LRTI is a major cause of 

morbidity and mortality in long-term care facilities.12,13 

Dysphagia and the inability to take oral medications, a 

sign of dysphagia, are all established causes of aspiration 

pneumonia.6,14 Dysphagia is also frequent in patients with 

pseudobulbar palsy following brain damage, including cor-

tex, basal ganglia, and brain stem infarctions.15 Silent brain 

infarction without apparent signs of pseudobulbar palsy is 

also a risk factor for pneumonia,16 possibly because of an 

impaired swallowing reflex and silent aspiration during sleep 

(nocturnal microaspiration).17,18

Evaluation of swallowing by videofluoroscopy, a gold 

standard swallowing test, is not easily accessible for nursing 

home residents, and bedside evaluation of swallowing does 

not always show high sensitivity in detecting aspiration.19 

Brain stem infarction, which increases the risk of dysphagia, 

is difficult to evaluate solely by brain CT, and nursing home 

residents have limited access to magnetic resonance imaging. 

Thus, other methods that can be used to determine the risk 

of respiratory infection would be beneficial.

Brain atrophy and white matter lesions are frequently 

observed on CT images of elderly subjects,1 but their 

clinical consequences are generally unknown. Brain atrophy, 

a marker of neurodegeneration,2,3 represents the process of 

dementia, which is a well known risk factor for pneumonia 

and aspiration.20 White matter lesions represent subcortical 

vascular disease and incomplete infarcts.21 Preliminary data 

have indicated that brain atrophy and white matter lesions 

might be associated with dysphagia. For example, elderly 

subjects with brain atrophy had lower swallowing pressure 

than did subjects without brain atrophy,5 while subjects with 

white matter lesions had a longer swallowing duration.22 

Patients with progressive cortical atrophy of the frontal 

lobe often have anterior opercular syndrome, which may 

result in dysphagia and subsequent aspiration pneumonia.4 

Our finding that subjects with severe brain atrophy were 

more susceptible to LRTI supports our hypothesis that brain 

atrophy represents neurodegeneration resulting in dysphagia 

and silent aspiration,4,5 and dysphagia and silent aspiration 

may cause aspiration pneumonia.6,14 Because aspiration is the 

major cause of pneumonia in elderly individuals (in 71% of 

cases in elderly subjects versus 10% of cases in non-elderly 

subjects),23 and because we cannot differentiate between 

aspiration pneumonia and other types of pneumonia based 

on symptoms or chest x-ray,34 we included all LRTI in this 

study. If it was possible to differentiate aspiration pneumonia, 

we suspect that the difference in frequency of respiratory 

infection between subjects with and without brain atrophy 

might be greater.

Frontal and parietal lobe atrophy carried an increased 

risk for LRTI, whereas temporal lobe atrophy, ventricular 

dilatation and white matter lesions showed no differences in 

risk of LRTI. The frontoparietal operculum is a functional 

component involved in swallowing.25,26 Involvement of the 
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precentral gyrus or the inferior frontal gyrus of the frontal 

lobe have been reported to disturb swallowing,27,28 and 

anterior opercular syndrome caused by inferior frontal 

gyrus involvement results in dysphagia.4 Alternatively, 

involvement of the supramarginal gyrus of the inferior 

parietal lobule causes swallowing apraxia,29 and sensory 

impairment in the laryngopharynx caused by parietal lobe 

involvement contributes to the development of dysphagia.30 

It is interesting to note that patients with frontotemporal lobar 

dementia were often dysphagic before the development of 

amyotrophic lateral sclerosis.31 We did not find evidence 

in our study that white matter lesions increase the risk of 

LRTI, although Binswanger’s disease, which presents with 

severe white matter lesions, is associated with dysphagia.32 

This might be explained by the finding that pseudobulbar 

palsy in Binswanger’s disease is a marker for frontal lobe 

syndrome.33 Ventricular dilatation and white matter lesions 

may be a collateral phenomenon determined by the physi-

ologic processes of aging.2,34

One limitation of this study is that we have limited data 

from chest radiographs for the diagnosis of pneumonia 

independently of LRTI, because chest radiographs were not 

obtained in subjects with LRTI if their oxygen saturation 

was preserved, in accordance with established clinical guide-

lines.11,24 Other studies, like ours, define LRTI based on clinical 

symptoms alone.12,14 We evaluated radiographically confirmed 

pneumonia for subjects with radiographic data, and the inci-

dence rate ratios of pneumonia were higher in subjects with 

severe brain atrophy, frontal lobe atrophy, and parietal lobe 

atrophy, compared with those in subjects without severe brain 

atrophy, although these rates were not statistically different 

because of the small number of events (data not shown). Fur-

thermore, we did not consider microbial test results, because 

it is difficult to differentiate between infective sources and 

indigenous bacteria, particularly in elderly subjects, and the 

sensitivity and specificity of microbial findings are low.35

Another limitation is that we did not evaluate swallow-

ing function. Our study subjects showed no apparent signs 

of dysphagia, because they could eat and drink without 

coughing, thus passing the Bedside Swallow Assessment 

and water swallowing test.36 Therefore, our assessment of 

brain atrophy as a risk factor for LRTI is useful in subjects 

without apparent signs of dysphagia. It is possible that these 

subjects experience silent aspiration during sleep, as has been 

observed in other studies.17,18

Unfortunately, we did not perform detailed neurological 

tests at the time of brain CT because of severe dementia in 

approximately half of our subjects, although no apparent 

 neurologic deficits were observed in any subject; thus, we 

could not assess whether there were differences in neurological 

signs, such as Parkinsonism, which contributes to swallowing 

function, in our subjects. It is possible that differences between 

subjects with and without severe brain atrophy might depend 

on the presence of neurological disorders, such as Alzheimer’s 

disease, which is associated with cortical atrophy, or normal 

pressure hydrocephalus, which is associated with ventricular 

dilatation, although this could not be evaluated.

We conducted this as an exploratory study to identify 

possible risk factors for respiratory infection. Because of the 

small sample size, some of the observed associations may be 

false positives. Another study with a larger number of sub-

jects is needed to confirm our findings. In addition, stratified 

analyses by baseline characteristics are needed. We stratified 

the subjects according to ECOG performance status (0–2 and 

3–4) and age (,80 and $80 years). The incidence rate ratios 

for ECOG 0–2 and 3–4 were 2.59 and 4.55, respectively, 

while those for age , 80 and $80 years were 5.79 and 9.72, 

respectively. However, these were not statistically significant 

because of the small number of subjects. Therefore, again, 

the results should be confirmed in larger studies. It is also 

warranted to elucidate the mechanism by which brain atrophy 

increases the risk of respiratory infection.

The use of CT imaging is increasing worldwide, and there 

are several situations in which brain CT scans are routinely 

performed in elderly subjects (eg, evaluation of dementia 

and minor head injury). Although we do not advocate brain 

CT just to assess the risk of LRTI, we do suggest that brain 

CT scans taken for other purposes should be evaluated to 

determine the risk of subsequent LRTI, which has a high 

risk of mortality in nursing home residents.

Conclusion
We found that elderly subjects with severe brain atrophy are 

more susceptible to LRTI including pneumonia, possibly 

reflecting neurodegeneration, and resulting in dysphagia 

and silent aspiration. Assessing the severity of brain atrophy 

might help us to identify elderly subjects at increased risk 

of respiratory infection.
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