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ABSTRACT

Background: Individuals aged 80 years and older is the fastest growing segment of the population
worldwide. To understand the biology behind increasing longevity, it is important to examine fac-
tors related to survival in this age group. The relationship between brain atrophy and survival after
age 85 remains unclear.

Methods: A population-based sample (n � 239) had head CT scans at age 85 and was then
followed until death. Cortical atrophy and ventricular size were assessed. Statistical analyses
included Cox proportional hazards models with time to death as the outcome and considering a
large number of possible confounders, including baseline cognitive function, incident dementia,
and somatic disorders.

Results: Mean survival time (�SD) was 5.0 � 3.6 years (range 0.10–19.8 years). Decreased
survival was associated with temporal, and frontal atrophy, sylvian fissure width and a num-
ber of ventricular measures after adjustment for potential confounders. In participants with-
out dementia at baseline (n � 135), decreased survival was associated with temporal lobe
atrophy and bifrontal ratio. In those with dementia (n � 104), decreased survival was associ-
ated with third ventricle width, cella media ratio, and ventricle-to-brain and ventricle-to-
cranial ratio.

Conclusions: Several indices of brain atrophy were related to decreased survival after age 85,
regardless of dementia status. Brain atrophy is rarely mentioned as a significant indicator of
survival in the elderly, independent of traditional predictors such as cardiovascular disease or
cancer. The biology behind the influence of brain atrophy on survival needs to be further
scrutinized. Neurology® 2011;76:879–886

GLOSSARY
CI � confidence interval; DBP � diastolic blood pressure; DSM-III-R � Diagnostic and Statistical Manual of Mental Disor-
ders, 3rd edition, revised; HR � hazard ratio; ICD � International Classification of Diseases; MMSE � Mini-Mental State
Examination; SBP � systolic blood pressure; WML � white matter lesion.

The number of elderly is increasing dramatically worldwide, particularly those aged �80
years.1 It is therefore important to study factors related to survival in this age group.

Leading causes of death in the elderly include cardiovascular diseases and cancer.2,3 Cogni-
tive function is also a predictor of death.4 After age 85, dementia is the primary predictor of
death, followed by male sex, cardiovascular diseases, cancer, and chronic obstructive lung
disease.5 After age 95, dementia and cognitive performance are important contributors to
5-year mortality.6
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Few studies have examined whether struc-
tural brain changes are important for survival.
Two population-based studies7,8 examined
brain atrophy in relation to survival in elderly
subjects without dementia (mean ages around
74 years). In these studies the size of the lat-
eral ventricles7 and CSF volume8 measured
with MRI was associated with survival. A
third study in elderly subjects without demen-
tia reported that global and regional brain at-
rophy was associated with decreased survival
between ages 78 and 85 years.9 None of these
studies report on the association between
brain atrophy and survival after age 85.

We studied a population of 85-year-olds
who participated in CT scans and was fol-
lowed until death. Our aim was to examine
whether brain atrophy was related to survival
independent of previously reported factors,
such as dementia and cognitive function.

METHODS The population sample and the examinations

have been described in detail.10 We invited every second 85-year-

old born July 1, 1901–June 30, 1902, and registered for census

purposes in Gothenburg, to take part in a health survey, includ-

ing psychiatric examinations, which took place in the partici-

pant’s home or at the institution where the participant was

resident. Of those, 494 (63.1%, 143 men, 351 women) ac-

cepted. There were no statistically significant differences be-

tween participants and nonparticipants regarding sex, marital

status, 3-year mortality rate, and status as psychiatric outpatient

or inpatient.10

All participants with dementia (n � 147) and a systematic

subsample of 269 participants without dementia were invited to

a CT scan. A total of 104 (70.7%) of those with dementia and

135 (50.2%) of those without participated. There were no sig-

nificant differences between participants and nonparticipants in

the CT scan according to dementia status with regards to any of

the parameters studied (sex, registration as a psychiatric outpa-

tient or inpatient, mental disorders, institutionalization, 3-year

mortality, history of stroke, cardiovascular disorders, or mean

systolic and diastolic blood pressure).11

Date of death was obtained from the Swedish population

register. This is a national register including all individuals living

in Sweden and Swedish citizens living abroad. The register is

known to be complete regarding mortality data.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Ethics Committee for

Medical Research at the University of Gothenburg. Informed

consent was obtained from the participants, their relatives, or

both.

The examinations have been described in detail10 and in-

cluded medical history, physical examinations, neuropsychiatric

examinations, CT scans, and interviews with close informants.

In addition, medical records from psychiatric and geriatric insti-

tutions and outpatient departments in Gothenburg were exam-

ined by a psychiatrist.

The psychiatric examinations were semi-structured and in-
cluded questions about background factors, ratings of psychiatric
symptoms and signs, signs common in dementia, and the Mini-
Mental State Examination (MMSE).12

After the examination, the participant was asked to give the
interviewer permission to interview a close informant. If the par-
ticipant was unable to give permission, close informants were
identified in other ways. The informant interview was semi-
structured and included questions about changes in the partici-
pant’s behavior and intellectual function, background factors,
and for participants with dementia, questions about age at onset
and course.

Measurements of potential confounders at baseline.
Physical disorders (cardiac insufficiency, myocardial infarction,
and chronic obstructive lung disease) were diagnosed using in-
formation from medical history and physical and laboratory ex-
aminations. History of stroke was based on information from
self-reports, key informant interviews, and the Swedish Hospital
Discharge Register.13 Information on cancer was obtained from
the Swedish Cancer Registry. Diabetes mellitus was defined
based on a physician’s diagnosis, being on antidiabetes therapy,
or having 2 fasting venous or capillary whole blood glucose val-
ues �7.0 mmol/L. Information on smoking (never vs ever
smoker) and education (mandatory, i.e., 6 years, vs more than
mandatory) was based on self-reports. Casual blood pressure was
measured in the right arm in the seated position after 5 minutes
rest using a mercury manometer. Systolic blood pressure (SBP)
and diastolic blood pressure (DBP) were registered to the nearest
5 mm Hg. DBP was defined as Korotkoff phase 5. Hypertension
was defined as SBP �140 mm Hg or DBP �90 mm Hg or
taking antihypertensive medication. Measurements of all poten-
tial confounders were made without knowledge of the results
from the neuropsychiatric and CT examinations.

Diagnosis of dementia and depression. Dementia was de-
termined according to the criteria in the DSM-III-R14 using in-
formation from the psychiatric examination and the close
informant interview.10 Incident dementia during follow-up was
based on the same information at the examinations at ages 88,
90, 92, 95, 97, 99, and 100, and in those lost to follow-up from
the Swedish Hospital Discharge Register according to the Inter-
national Classification of Diseases (ICD) codes (ICD9 codes15

290A/B/E/W/X, 291B/C, 294A/B, 331A/B/C/F; ICD1016

codes F0.00 – 0.02/0.09 – 0.13/0.18 – 0.24/0.28/0.39/0.51/
1.06–1.07, G3.0/3.00–3.01/3.08–3.09) and medical records if
available. Major depressive syndrome during the last month was
diagnosed according to DSM-III-R.17

CT scan. CT was performed without contrast enhancement on
a Philips Tomoscan 310 (n � 133) or on a General Electric
8800 (n � 106).11 The scans included 10-mm continuous slices,
which were examined by experienced radiologists. The degree of
cortical atrophy in the frontal, temporal, parietal, and occipital
lobes was rated and categorized using a 3-point scale (normal,
mild/moderate, or severe).18

The following linear distances were measured using a trans-
parent metric ruler as described18: a) the bifrontal span of the
lateral ventricle, b) the width of the lateral ventricles at the head
of the caudate nucleus, c) the sum of the separate widths of the
left and right sylvian fissures, d) the minimum width of the bod-
ies of the lateral ventricles at the waist, and e) the width of the
third ventricle. Ratios for a) to d) were determined by dividing
the values obtained by the width of the brain at the level of the
measurement, resulting in the following ratios: bifrontal ratio,
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bicaudate ratio, sylvian fissure ratio, and cella media ratio. The
rating procedure was carried out separately for the subjective
cortical ratings and the linear distances.

Ventricular and brain volumes were assessed using the fol-
lowing procedure. A hard copy of each scan was made and digi-
tized by uniform background illumination and image captured
using a Canon 600 power shot digital camera. Using the US
NIH IMAGE program version 1.55,19 the inner table of the skull
was traced following well-established procedures.20 Total intra-
cranial volume was calculated by measuring the inner table of the
skull, interpolating area between slices and calculating total cra-
nial capacity. Volumes were calculated by interpolating slice
thickness and separation to yield a single value for total intracra-
nial volume. Similarly, total brain volume was based on thresh-
olding brain parenchyma from CSF and bone and tracing the
outer surface of the brain interpolating volume from slice thick-
ness, gap between slices, and the number of slices from the cis-
terna magna to vertex. CSF was similarly thresholded separating
it from brain parenchyma and the inner surface of the lateral,
third, and fourth ventricles traced. Ventricular volume was the
sum total of lateral, third, and fourth ventricular volume also
interpolated as above. The ventricle-to-brain and ventricle-to-
cranial ratios were calculated by dividing total ventricular vol-
ume with total brain volume or total intracranial volume,

multiplying those ratios by 100 so that whole numbers could be
used.

White matter lesions (WMLs) were defined as low-density
areas in the periventricular and subcortical white matter.11 De-
creased density was rated in relation to the attenuation of normal
white matter and was defined as no, mild, moderate, or severe
signal attenuation. WMLs were analyzed as no/mild vs moder-
ate/severe signal attenuation.

The interrater reliabilities for different CT measures have
been found to be good.21-23

The interobserver agreement for the presence vs absence of
atrophy was studied in 140 CT scans rated by the radiologist
who rated the scans in the present study and a neurologist
trained in CT evaluations. The interobserver agreement was � �

0.43 for temporal atrophy, � � 0.34 for frontal atrophy, � �

0.28 for occipital atrophy, and � � 0.35 for parietal atrophy.22

Spearman correlations between the raters regarding linear mea-
surements was 0.71 (p � 0.001) for bifrontal ratio, 0.63 (p �

0.001) for cella media ratio, 0.72 (p � 0.001) for bicaudate
ratio, and 0.31 (p � 0.001) for sylvian fissure ratio. The interra-
ter reliability for volumetric measures was 0.9 or greater.23 The
correlations between the linear ventricular measurements and
the volumetric ventricular measures were high (Spearman 0.61–
0.68).

Statistical analyses. Cox proportional hazards models were
applied to analyze the association between brain atrophy and
time to death, defined as the time from CT scan to death. Anal-
yses were performed on the total sample and on groups stratified
by dementia status at baseline. Weighted analyses taking into
account the sampling fractions were done in analyses of the total
sample. Ratings of cortical atrophy were analyzed as absence or
presence of atrophy and as severe or not severe atrophy. The
quantitative measures were analyzed as continuous data.

The measures of brain atrophy were first assessed in univari-
ate Cox models. The variables that were significantly associated
with mortality were further analyzed in multivariate models with
potential confounders. Preselected confounders in multivariate
models included sex, baseline MMSE, dementia at baseline or
follow-up in the analyses of the total sample, and baseline
MMSE score and dementia at follow-up in the analyses of those
without dementia at baseline.

Other potential confounders were assessed in univariate
analyses of the total sample, and in separate analyses of partici-
pants with and without dementia. Factors that were significantly
associated with mortality (p � 0.05) in the univariate analyses
were included as confounders in the multivariate analyses. The
additional confounders which were included in the final analyses
of the total sample included WMLs, SBP, stroke, gastrointestinal
cancer, and chronic obstructive lung disease. In the analyses of
those without dementia, the additional confounders were gastro-
intestinal cancer and chronic obstructive lung disease. In those
with dementia, the confounders were sex, WMLs, and DBP.

Results from the Cox models are presented as hazard ratios
(HR) and 95% confidence intervals (CI). HRs for quantitative
measures are expressed per SD. The assumption of proportional
hazards was tested by comparing the HR for the first 5 years
(57% of all deaths) with the HR for the later period. No signifi-
cant differences were found. Group differences in survival time
are calculated using Student t test. Statistical analyses were per-
formed using SPSS version 16.0. Results were considered statis-
tically significant at a level of p � 0.05.

No data were imputed. Participants were thus included in all
analyses for which they provided information.

Table 1 Baseline characteristics of the study population and the association
of each factor with decreased survivala

Characteristic No. Values HRb (95% CI) p Value

Age, y, mean (SD) 239 85.5 (0.14) — —

Survival time, y, mean (SD) 239 5.0 (3.6) — —

Women, n (%) 239 165 (69.0) 0.81 (0.62–1.07) 0.14

Dementia at baseline, n (%) 239 104 (43.5) 2.47 (1.88–3.26) �0.001

Education (more than 6 years), n (%) 209 56 (26.8) 0.91 (0.67–1.24) 0.55

Mini-Mental State Examination,
mean (SD)

237 21.9 (8.7) 0.51 (0.42–0.63) �0.001

Current or previous smoker, n (%) 226 73 (32.3) 1.10 (0.83–1.46) 0.49

SBP, mm Hg, mean (SD) 233 156.2 (25.6) 0.81 (0.69–0.96) 0.01

DBP, mm Hg, mean (SD) 232 77.5 (11.5) 0.91 (0.79–1.05) 0.09

Hypertension, n (%) 223 36 (16.1) 1.04 (0.73–1.49) 0.83

History of stroke, n (%) 239 64 (26.8) 1.43 (1.07–1.91) 0.02

Chronic obstructive lung
disease, n (%)

239 37 (15.5) 1.51 (1.06–2.16) 0.02

Ischemic cardiac disease, n (%) 238 84 (35.3) 0.89 (0.68–1.17) 0.41

Cardiac insufficiency, n (%) 239 33 (13.8) 1.04 (0.72–1.51) 0.82

Myocardial infarction, n (%) 224 22 (9.8) 1.48 (0.95–2.30) 0.09

Diabetes, n (%) 239 15 (6.3) 0.85 (0.50–1.44) 0.55

Cancer, any type, n (%) 239 40 (16.7) 1.18 (0.83–1.66) 0.36

Cancer, gastrointestinal, n (%) 239 12 (5) 1.85 (1.03–3.33) 0.04

Cancer, skin, n (%) 239 10 (4.2) 0.66 (0.35–1.27) 0.21

Major depressive symptoms, n (%) 239 10 (4.2) 1.16 (0.62–2.20) 0.64

White matter lesions
(moderate/severe), n (%)

238 56 (23.5) 1.99 (1.47–2.71) �0.001

Abbreviations: CI � confidence interval; DBP � diastolic blood pressure; HR � hazard ratio;
SBP � systolic blood pressure.
a Univariate Cox regression models.
b HRs for quantitative measures are expressed per SD, except for Mini-Mental State Exam-
ination, which is in tertiles due to skewed distributions.
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RESULTS Mean survival time (�SD) was 5.0 � 3.6
years (range 0.10 –19.8 years). Survival time was
6.2 � 3.9 years in participants without dementia
(n � 135) and 3.4 � 2.5 years (p � 0.001) in those
with dementia (n � 104). New cases of dementia
occurred during follow-up in 44 (32.6%) of 135 par-
ticipants without dementia at baseline. Baseline char-
acteristics and associations with survival are
presented in table 1.

Survival in relation to brain atrophy in the total
sample is presented in table 2. Any temporal and se-
vere frontal, as well as sylvian fissure width, and bi-
frontal ratio were associated with decreased survival
adjusting for confounders (table 2, model III).

Table 3 shows survival in relation to brain atro-
phy in participants without dementia at baseline. In
this group, temporal lobe atrophy and bifrontal ratio
were associated with decreased survival adjusting for
confounders (table 3, model III). Survival in relation
to brain atrophy in participants with dementia at
baseline is presented in table 4. In those with demen-
tia, cella media ratio, third ventricle width, and
ventricle-to-brain and ventricle-to-cranial ratio were
associated with decreased survival after adjusting for
confounders (table 4, model III).

There were no significant interaction effects of
the different CT measures by dementia on mortality
risk, except for third ventricle width (p � 0.016) and
a tendency for total brain volume (p � 0.091).

Among the participants, 129 (54.0%) died of car-
diovascular causes, 23 (9.6%) of psychiatric or ner-
vous system diseases, 28 (11.7%) of respiratory
system diseases, 27 (11.3%) of cancer, and 32
(13.4%) of other causes. The brain atrophy measures
did not differ regarding causes of death.

DISCUSSION We found that a number of measures
of brain atrophy were associated with survival after age
85 in a population-based sample of 85-year-olds fol-
lowed for 20 years. Temporal lobe atrophy and bifron-
tal ratio were associated with decreased survival in
elderly without dementia, while cella media ratio, third
ventricle width, and ventricle-to-brain and ventricle-to-
cranial ratio were related to decreased survival in those
with dementia. The associations were independent of a
range of confounders. These results suggest that the in-
fluence of brain atrophy should be considered in studies
of survival in the elderly.

Three previous population-based studies report
that brain atrophy, assessed as ventricular enlarge-

Table 2 Cortical brain atrophy and ventricular size in 85-year-olds in relation to decreased survivala

Model I: Unadjusted,
HR (95% CI)

Model II: Adjusted
for sex, baseline
MMSE and dementia,
and dementia at
follow-up, HR (95% CI)

Model III: Adjusted for sex,
baseline MMSE and dementia,
dementia at follow-up, and
additional risk factors,
HR (95% CI)b

Frontal lobe atrophy (any) 1.30 (0.93–1.82) — —

Temporal lobe atrophy (any) 1.84 (1.31–2.58) 1.64 (1.07–2.52) 1.60 (1.00–2.54)

Parietal lobe atrophy (any) 1.11 (0.75–1.65) — —

Occipital lobe atrophy (any) 1.19 (0.91–1.57) — —

Frontal lobe atrophy (severe) 1.32 (1.00–1.75) 1.28 (0.98–1.65) 1.34 (1.01–1.76)

Temporal lobe atrophy (severe) 1.42 (1.05–1.92) 1.09 (0.80–1.50) 1.12 (0.83–1.51)

Parietal lobe atrophy (severe) 1.47 (1.13–1.92) 1.33 (1.02–1.75) 1.32 (0.99–1.75)

Occipital lobe atrophy (severe) 1.33 (0.97–1.84) — —

Bicaudate ratio 1.19 (0.98–1.45) — —

Bifrontal ratio 1.50 (1.30–1.72) 1.24 (1.09–1.41) 1.18 (1.03–1.36)

Cella media ratio 1.38 (1.20–1.59) 1.15 (0.98–1.35) 1.13 (0.95–1.33)

Sylvian fissure width 1.26 (1.11–1.45) 1.15 (1.02–1.31) 1.16 (1.03–1.30)

Third ventricle width 1.33 (1.14–1.54) 1.07 (0.91–1.27) 1.01 (0.85–1.21)

Total intracranial volume 0.98 (0.85–1.13) — —

Total brain volume 0.90 (0.77–1.05) — —

Ventricle volume 1.44 (1.27–1.64) 1.16 (1.00–1.35) 1.10 (0.93–1.30)

Ventricle-to-brain ratio 1.42 (1.25–1.62) 1.15 (0.99–1.34) 1.10 (0.94–1.28)

Ventricle-to-cranial ratio 1.41 (1.23–1.62) 1.12 (0.95–1.32) 1.07 (0.90–1.26)

Abbreviations: CI � confidence interval; HR � hazard ratio; MMSE � Mini-Mental State Examination.
a Models II and III are presented only for those associations that were significant in the univariate analyses (model I). HR and
CI for quantitative measures are per SD. Weighted analyses taking into account the sampling fractions are done in all
analyses.
b White matter lesions, stroke, systolic blood pressure, gastrointestinal cancer, and chronic obstructive lung disease.
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ment,7 CSF volume,8 and global and regional brain
volumes,9 were associated with decreased survival in
elderly without dementia. Participants were approxi-
mately 7–10 years younger than in our study and
follow-ups were limited to 6–12 years.7-9 In contrast,
we followed all 85-year-olds until death. We chose to
include also elderly with dementia as we aimed to
examine the independent influence of brain atrophy
on survival in the total population of 85-year-olds. In
a memory clinic population, decreased survival was
associated with global cortical atrophy in younger
(�68 years) but not in older patients,24 which is in
contrast to our findings. In support of our findings,
cortical atrophy on CT was included in an index that
predicted survival in patients with early Alzheimer
disease.25

There are several possible reasons why brain atro-
phy may decrease survival. First, the brain regulates a
number of functions important for survival, such as
blood pressure, body temperature, appetite, energy
balance, control of body fluids, electrolyte homeosta-
sis, and cardiac function.26,27 We have previously
shown that larger bifrontal ratio and frontal atrophy
were associated with lower blood pressure in 85-year-
olds without dementia,28 areas related to decreased

survival in our study. Second, brain atrophy is related
to midlife factors, such as obesity21 and hyperten-
sion.29 Brain atrophy may therefore be a marker of
general poor health. However, we found that brain
atrophy was related to decreased survival even after
taking these and a number of other confounders into
consideration. Third, brain atrophy may be a marker
for incipient and manifest Alzheimer-type demen-
tia,30 which is strongly related to decreased survival.
We found that brain atrophy was associated with de-
creased survival even after controlling for incident
dementia and baseline cognitive function. Fourth,
brain atrophy is related to motor impairment31 and
behavioral manifestations which may influence the
ability to survive.

The cellular processes that may underlie brain at-
rophy on CT in the elderly include neurodegenera-
tion32 and neuronal shrinkage.33 Brain atrophy is
probably caused by a number of factors occurring
during the lifespan, from prenatal and perinatal fac-
tors to factors occurring during adolescence and mid
and late life. Several factors related to brain atrophy,
e.g., midlife obesity21 and hypertension,29 are modifi-
able. Other factors potentially related to brain atro-
phy, e.g., perinatal care and nutrition, have improved

Table 3 Cortical brain atrophy and ventricular size in 85-year-olds without dementia in relation to
decreased survivala

Model I: Unadjusted,
HR (95% CI)

Model II: Adjusted
for sex, baseline
MMSE, and dementia
at follow-up, HR (95% CI)

Model III: Adjusted for sex,
baseline MMSE, dementia
at follow-up, and additional
risk factors,b HR (95% CI)

Frontal lobe atrophy (any) 1.19 (0.76–1.89) — —

Temporal lobe atrophy (any) 1.54 (1.01–2.35) 1.70 (1.08–1.56) 1.65 (1.05–2.61)

Parietal lobe atrophy (any) 1.03 (0.61–1.74) — —

Occipital lobe atrophy (any) 1.13 (0.80–1.59) — —

Frontal lobe atrophy (severe) 1.07 (0.89–1.28) — —

Temporal lobe atrophy (severe) 1.06 (0.86–1.31) — —

Parietal lobe atrophy (severe) 1.14 (0.94–1.38) — —

Occipital lobe atrophy (severe) 1.20 (0.69–2.10) — —

Bicaudate ratio 1.05 (0.92–1.19) — —

Bifrontal ratio 1.32 (1.08–1.61) 1.29 (1.09–1.62) 1.20 (1.00–1.44)

Cella media ratio 1.09 (0.93–1.29) — —

Sylvian fissure width 1.11 (0.94–1.31) — —

Third ventricle width 0.98 (0.82–1.17) — —

Total intracranial volume 1.10 (0.92–1.31) — —

Total brain volume 1.08 (0.91–1.27) — —

Ventricle volume 1.10 (0.93–1.31) — —

Ventricle-to-brain ratio 1.04 (0.89–1.21) — —

Ventricle-to-cranial ratio 1.04 (0.89–1.22) — —

Abbreviations: CI � confidence interval; HR � hazard ratio; MMSE � Mini-Mental State Examination.
a Models II and III are presented only for those associations that were significant in the univariate analyses (model I). HR and
CI for quantitative measures are per SD.
b Gastrointestinal cancer and chronic obstructive lung disease.
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during the last century. It needs to be elucidated to
what regard this has contributed to increased survival
during the last century.

The strengths of the study include the
population-based sample, the comprehensive exami-
nations performed by psychiatrists, the range of as-
sessments of brain atrophy, the large number of
possible confounders, and the possibility to follow all
individuals until death. There are some limitations
and methodologic issues. First, measures of brain at-
rophy were only done at one timepoint. Longitudi-
nal studies are needed to examine whether changes in
brain atrophy over time are related to survival. Sec-
ond, only about half of those invited to have a CT
scan accepted. However, this response rate is accept-
able for such an examination in a population study of
85-year-olds. Furthermore, participants did not dif-
fer from nonparticipants regarding a number of fac-
tors, including mortality. Third, visual ratings and
linear measurements are rather crude estimates of
cortical atrophy. The interrater � values for agree-
ment between a neurologist and a radiologist were
moderate for temporal lobe atrophy (� � 0.43) and
fair for the other cortical regions (� � 0.28–0.35). If
anything, the lack of perfect agreement likely attenu-
ates the observed relationships. Nonetheless, visual

rating of the temporal lobe has been found to be
highly predictive for the discrimination of patients
with Alzheimer disease vs control subjects.34 Fourth,
we used CT rather than MRI. CT is more severely
affected by beam hardening artifacts, which is partic-
ularly severe in the region of the medial temporal
lobe.35 However, CT is comparable to MRI in de-
tecting brain atrophy35,36 and may be more suitable
than MRI for the elderly, as it is less sensitive to
motion artifacts. CT is also the most used brain im-
aging tool worldwide. Atrophy on CT37 and MRI23,38

have been related to neuropathologic findings. Fifth,
multiple comparisons were made, which may lead to
false-positive findings. Conversely, the use of a cor-
rection for multiple comparisons may give rise to
false-negative results. Our way to treat this problem
is to make no adjustments for the number of com-
parisons but to give information on how many com-
parisons have been made and to emphasize that the
findings should be considered only suggestive until
further confirmed.39 Seventh, we examined a very old
Swedish sample. Our findings might therefore not be
generalized to younger age groups or other geo-
graphic areas.

Brain atrophy is rarely mentioned as a significant
indicator of survival in the elderly, independent of

Table 4 Cortical brain atrophy and ventricular size in 85-year-olds with dementia in relation to
decreased survivala

Model I: Unadjusted,
HR (95% CI)

Model II: Adjusted
for sex, HR
(95% CI)

Model III: Adjusted for sex
and additional risk
factors,b HR (95% CI)

Frontal lobe atrophy (any) 1.15 (0.60–2.22) — —

Temporal lobe atrophy (any) 0.96 (0.13–6.95) — —

Parietal lobe atrophy (any) 0.81 (0.37–1.75) — —

Occipital lobe atrophy (any) 0.74 (0.48–1.16) — —

Frontal lobe atrophy (severe) 1.17 (0.96–1.42) — —

Temporal lobe atrophy (severe) 1.14 (0.94–1.39) — —

Parietal lobe atrophy (severe) 1.15 (0.94–1.40) — —

Occipital lobe atrophy (severe) 1.09 (0.68–1.75) — —

Bicaudate ratio 1.21 (0.98–1.49) — —

Bifrontal ratio 1.21 (0.96–1.53) — —

Cella media ratio 1.39 (1.11–1.74) 1.38 (1.10–1.74) 1.39 (1.10–1.77)

Sylvian fissure width 1.15 (0.93–1.43) — —

Third ventricle width 1.46 (1.16–1.84) 1.46 (1.15–1.85) 1.32 (1.04–1.68)

Total intracranial volume 0.94 (0.78–1.14) — —

Total brain volume 0.85 (0.69–1.05) — —

Ventricle volume 1.39 (1.13–1.72) 1.39 (1.12–1.72) 1.25 (0.99–1.57)

Ventricle-to-brain ratio 1.41 (1.15–1.72) 1.40 (1.14–1.72) 1.29 (1.03–1.60)

Ventricle-to-cranial ratio 1.37 (1.12–1.69) 1.37 (1.11–1.69) 1.26 (1.00–1.59)

Abbreviations: CI � confidence interval; HR � hazard ratio; MMSE � Mini-Mental State Examination.
a Models II and III are presented only for those associations that were significant in the univariate analyses (model I). HR and
CI for quantitative measures are per SD.
b White matter lesions and diastolic blood pressure.
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traditional predictors such as cardiovascular disease
or cancer. There are indications that brain function
has improved over the last decades, as shown by bet-
ter results on cognitive testing in successive birth co-
horts of elderly.40 The biology behind the influence
of brain atrophy on survival needs to be further
scrutinized.
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