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Abstract
Backgrounds/Aims: Future disease-modifying therapies might affect the expected life span
in Alzheimer’s disease (AD). Our aim was to identify factors that influence life expectancy in
cholinesterase inhibitor (ChEI)-treated patients. Methods: This study included 791 deceased
individuals with a clinical diagnosis of AD and a Mini-Mental State Examination score of 10–26
at baseline who were recruited from a 3-year, prospective, multicenter study of ChEI therapy
in clinical practice. The participants’ date of death was recorded and their survival was compared with the gender- and age-matched general population. Results: The mean survival
time after the start of ChEI therapy (time of AD diagnosis) was 5.10 years for men and 6.12
years for women. Better cognitive ability, less impaired basic functional capacity, and fewer
medications, but not education level or apolipoprotein E (APOE) genotype, were independent
prognostic factors of longer survival after diagnosis, after controlling for gender and age.
Conclusion: AD shortens life expectancy in ChEI-treated patients diagnosed before the age
of 85 years, similar to that reported previously for untreated individuals. A longer life span
was observed in the eldest patients (≥85 years) compared with untreated cohorts, which did
not differ from that observed in the general population. Higher education or carrying two
APOE ε4 alleles were risk factors for earlier death.
© 2014 S. Karger AG, Basel
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Introduction

Alzheimer’s disease (AD) will be one of the greatest future global health care challenges. Aging is the dominant risk factor for the development of AD, and the increasing life
expectancy of humans is the most important reason for the rising AD prevalence rates
observed in both developed and developing countries [1]. In 2010, an estimated 36 million
individuals had AD and other dementias worldwide; this number will reach 66 million by
the year 2030, and 115 million by 2050 [2]. In addition to the suffering of the individuals
affected with AD and their families, the societal costs are enormous. In the year 2010, the
cost of dementia was USD 604 billion, which is equal to 1% of the global gross domestic
product [3].
AD is the most common dementia disorder [4] and is characterized by a progressive and
irreversible deterioration of cognitive and functional abilities that leads to major difficulties
to manage independently after only a few years of disease duration [5]. Survival from the time
of AD diagnosis has been reported to vary between 3 and 10 years, mainly depending on the
patient’s age [6, 7]. By comparison, the average 75-year old person in Sweden has a life expectancy of 12 years [8].
Whether the predominant symptomatic pharmaceutical treatment for AD, administration of cholinesterase inhibitors (ChEIs), alters the length of life is not clear. Few earlier
studies have compared the life span in AD patients receiving ChEIs with untreated cohorts
and observed conflicting results regarding life prolongation [9, 10]. In addition, comparisons
of survival in AD with life expectancy in the general population and reports of potential differences in the length of life according to AD stage are scarce [11].
Several genetic, demographic, and disease-related factors have been reported to increase
the risk of mortality in AD, such as male gender [10, 12, 13], older age at baseline [6, 7, 10, 13,
14], a higher level of education [15], the presence of the apolipoprotein E (APOE) ε4 allele
[16], younger age at onset [12], lower cognitive status [13, 14, 17], and comorbid medical
disorders [13].
However, other studies showed that the above-mentioned variables had no effect on life
span: gender [6, 7, 14, 17], age at baseline [17], level of education [6, 7, 10, 13], APOE genotype
[7, 14], age at onset [14], cognitive severity [10], and comorbidity [10].
An increased understanding of the factors that might affect the life span in AD patients
treated with ChEIs is important for clinicians to estimate patient prognosis and for communitybased services for the planning of care and allocation of resources. Moreover, detailed information regarding life expectancy in AD might be a valuable tool for the health authorities to
evaluate the effects and the costs of the disease from a societal perspective.
The aims of this study were (1) to compare the life span of ChEI-treated AD patients with
that of untreated cohorts and with the life expectancy in the general population, and (2) to
examine the influence of factors such as years of education, number of APOE ε4 alleles, age at
onset, and cognitive severity on mortality.

Study and Subjects
The Swedish Alzheimer Treatment Study (SATS) was started in August 1997 to investigate the longterm effectiveness of ChEI therapy (donepezil, rivastigmine, and galantamine) in AD patients in a routine
clinical setting. The SATS is a prospective, open-label, observational, nonrandomized, multicenter study that
has been described in several publications [18–21]. In total, 1,258 participants were recruited until April
2008 by 14 memory clinics that cover different parts of Sweden. At the start of ChEI treatment (baseline),
1,021 of the patients had mild-to-moderate AD with Mini-Mental State Examination (MMSE) scores [22]
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ranging from 10 to 26. Among these, 791 individuals (77%) had died by December 31, 2012, and were
included in the present study.
The SATS participants fulfilled the clinical criteria of dementia, as defined by the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) [23], and of probable or possible AD, according to the
criteria of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (NINCDS–ADRDA) [24]. The inclusion criteria were wide and
included age >40 years, living in their own home at the time of diagnosis, having a responsible caregiver/
informant, and assessability with the MMSE at baseline. Patients who did not fulfill the diagnostic criteria for
AD and those already on active treatment with any ChEI or with contraindications for these drugs were
excluded from the study. Medication other than ChEI was allowed during the study. However, if another
dementia treatment (i.e., memantine or study drugs) was added, the patient left the study at that point.
The study was approved by the Ethics Committee of the Lund University, Lund, Sweden. All patients and
their closest relative/caregiver provided written informed consent to participate in the study, which was
carried out in accordance with the Helsinki Declaration.
Study Design and Outcome Measures
The SATS patients were assessed in a well-structured follow-up program, which investigated cognitive
status, global performance, and functional ability at the start of ChEI treatment, after 2 months (MMSE and
global rating only), and semiannually for a period of 3 years. The inclusion in the SATS and the evaluations
at baseline were performed immediately after AD diagnosis, followed by the initiation of ChEI therapy
according to the approved product recommendations. The choice of drug agent and dose was left entirely to
the physician’s (specialist in dementia disorders) discretion and professional judgment.
The age at onset of AD was estimated by the clinician based on an interview with the patient’s caregiver.
Early onset was defined as an onset before 65 years of age. Cognitive assessment was performed using the
MMSE, with scores ranging from 0 to 30, and a higher score indicating better function. At the start of ChEI
treatment, 538 individuals (68%) were defined as having mild (MMSE score, 20–26) and 253 (32%) were
defined as having moderate (MMSE score, 10–19) AD.
The capacity to perform daily activities was assessed using the Instrumental Activities of Daily Living
(IADL) scale [25], which consists of eight items: telephone usage, shopping, food preparation, housekeeping,
doing laundry, mode of transportation, responsibility for own medications, and handling finances. Each item
was scored from 1 (no impairment) to 3–5 (severe impairment), thus allowing a total range of 8–31 points.
The Physical Self-Maintenance Scale (PSMS) [25] consists of six items: toilet, feeding, dressing, grooming,
physical ambulation, and bathing. Each item was scored from 1 (no impairment) to 5 (severe impairment),
thus allowing a total range of 6–30 points.

Statistical Analyses
The IBM Statistical Package for the Social Sciences (SPSS) software (version 21.0; IBM Corporation,
Armonk, N.Y., USA) was used to perform the statistical analyses. The level of significance was defined as p <
0.05 if not otherwise specified. Histograms were generated to assess the distribution of the continuous variables, and skewness was calculated as a measure of symmetry. The skewness was <1.0 or >–1.0 in all
continuous variables; thus, the distribution was regarded as approximately symmetrical. Parametric tests
were used because of the approximately normally distributed variables and the large sample size. One-way
analysis of variance (ANOVA) was used to compare the differences between the means obtained for the three
independent groups, a t test was performed to analyze two independent groups, and a χ2 test was used to
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Mortality and Life Expectancy
Using the 12-digit personal identity number assigned to each resident in Sweden, all 1,258 SATS patients
were investigated with the help of the Swedish population register (Swedish Tax Agency) regarding whether
they were still alive on December 31, 2012. If not, the date of death was recorded.
The probable remaining length of life for each participant according to their gender and age at baseline
was obtained from Statistics Sweden, based on life tables for the periods of 1993–1997 [26], 1998–2002 [27],
2003–2007 [28], and 2008–2012 [8], depending on the individual’s year of inclusion in the SATS. The
patient’s actual survival time was compared with his/her expected life span relative to the gender- and agematched general population. This unique approach allows the estimation of the decrease in the mean number
of years of life span in association with different risk factors such as age at diagnosis, APOE genotype, and
stages of AD.
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Table 1. Patient characteristics
(n = 791)

Female gender
APOE ε4 noncarrier
APOE, carrier of one ε4 allele
APOE, carrier of two ε4 alleles
Antihypertensives/cardiac therapy at baseline
Estimated age at onset, years
Estimated duration of AD at baseline, years
Age at first assessment, years
Education, years
Age at death, years
MMSE score at baseline
IADL score at baseline
PSMS score at baseline
Concomitant medications at baseline, n
Length in the SATS, months

490 (62)
265 (34)
399 (52)
108 (14)
331 (42)
73.0 ± 6.8
3.1 ± 2.0
76.1 ± 6.4
9.4 ± 2.5
81.8 ± 6.5
21.0 ± 3.8
16.7 ± 5.4
7.7 ± 2.4
3.1 ± 2.5
22.3 ± 13.0

Values are n (%) or mean + SD.

analyze categorical variables. A paired t test was used to compare the differences between the means for two
related samples.
Cox proportional hazards models with backward stepwise elimination were used to estimate separately
the effects of different risk factors [gender, age at start of ChEI treatment, years of education, number of APOE
ε4 alleles, age at onset of AD, MMSE, IADL and PSMS scores, number of concomitant medications and antihypertensives/cardiac therapy (no/yes) at baseline] on the relative risk of time to death. Univariate Cox
regression analyses were performed with adjustment for the potentially confounding baseline demographic
variables of gender and age. A multivariate Cox model was then used to estimate simultaneously the effects
of all the above-mentioned risk factors on the time to death. Variables with p > 0.05 were removed from the
stepwise models. No violation of the assumption of proportional hazards was detected.

Patient Characteristics
The sociodemographic and clinical characteristics of the 791 deceased AD patients are
listed in table 1. Males had significantly more years of education [mean ± standard deviation
(SD), 9.8 ± 2.9 vs. 9.1 ± 2.2 years, t(788) = 3.75, p < 0.001] and a lower frequency of the APOE
ε4 allele [59 vs. 70%, χ2(1) = 7.90, p = 0.005] compared with females. No gender-based differences in age at onset, age at baseline, and cognitive ability were observed. Age at onset and
age at baseline did not differ between the mild (MMSE score, 20–26) and moderate (MMSE
score, 10–19) AD cohorts.
The group with a higher level of education (>9 years) was younger at the onset of AD
[71.4 ± 7.4 vs. 73.5 ± 6.6 years, t(787) = 3.55, p < 0.001] and at the start of ChEI treatment
[74.6 ± 7.1 vs. 76.5 ± 6.1 years, t(788) = 3.31, p = 0.001], and had a higher MMSE score at
baseline [22.0 ± 3.5 vs. 20.7 ± 3.9 points, t(788) = –4.00, p < 0.001].
Individuals carrying two APOE ε4 alleles were significantly younger at the onset of AD
(70.0 ± 6.7 years) than were those carrying one ε4 allele (72.9 ± 6.8 years) and the noncarriers [74.1 ± 6.7 years, F(2, 768) = 13.65, p < 0.001]. The group with two APOE ε4 alleles was
also younger at the start of ChEI therapy (73.6 ± 6.1 years) compared with carriers of one ε4
allele (76.0 ± 6.4 years) and noncarriers [77.0 ± 6.3 years, F(2, 769) = 10.66, p < 0.001]. No
differences in years of education and cognitive status at baseline were found among patients
with various APOE genotypes.
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Table 2. Age at death for different AD cohorts by gender

Variable

Number of
males/females

Males

Females

≤64 years at baseline
65 – 69 years at baseline
70 – 74 years at baseline
75 – 79 years at baseline
80 – 84 years at baseline
≥85 years at baseline
Level of education ≤9 years
Level of education >9 years
APOE ε4 noncarrier
APOE, carrier of one ε4 allele
APOE, carrier of two ε4 alleles
Early-onset AD (<65 years)
Late-onset AD (≥65 years)
Mild AD (MMSE score, 20 – 26)
Moderate AD (MMSE score, 10 – 19)

20/23
21/43
74/96
97/172
68/123
21/33
216/390
85/99
118/147
137/262
35/73
37/45
264/443
203/335
98/155

66.0 (63.8 – 68.2)
72.9 (71.9 – 73.8)
78.2 (77.4 – 78.9)
82.2 (81.6 – 82.8)
85.7 (85.1 – 86.3)
90.7 (89.7 – 91.7)
81.2 (80.3 – 82.1)
80.1 (78.6 – 81.5)
81.8 (80.7 – 82.9)
80.1 (78.9 – 81.2)
79.4 (77.5 – 81.4)
69.3 (67.5 – 71.0)
82.5 (81.9 – 83.1)
81.6 (80.8 – 82.4)
79.3 (77.9 – 80.8)

66.8 (64.9 – 68.8)
74.3 (73.3 – 75.3)
78.6 (77.9 – 79.2)
83.3 (82.8 – 83.7)
87.6 (87.1 – 88.1)
91.3 (90.4 – 92.2)
83.0 (82.4 – 83.6)
80.0 (78.4 – 81.5)
83.4 (82.3 – 84.5)
82.6 (81.8 – 83.4)
80.2 (78.7 – 81.6)
70.5 (68.8 – 72.3)
83.6 (83.1 – 84.1)
82.5 (81.8 – 83.2)
82.3 (81.2 – 83.3)

Values are means with 95% CI in parentheses, except where otherwise indicated. Baseline indicates the
start of ChEI therapy shortly after AD diagnosis.

The number of individuals treated with donepezil, rivastigmine, and galantamine was
466 (59%), 164 (21%), and 161 (20%), respectively. During the SATS, the mean ChEI ± SD
doses were 6.8 ± 1.8 mg of donepezil, 6.0 ± 2.1 mg of rivastigmine, and 14.9 ± 3.8 mg of galantamine. No significant difference in the dose was detected according to gender, education
level, APOE genotype, or stage of AD.

Life Expectancy in AD Compared with the General Population
The mean survival time after the estimated onset of AD symptoms was 8.83 years (95%
CI 8.58–9.07) and was shorter in males [8.20 years (95% CI 7.82–8.57)] than in females [9.22
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Age at Death
Female AD patients exhibited a longer life span compared with males [mean, 82.4 years
(95% confidence interval, CI, 81.8–83.0) vs. 80.9 years (95% CI 80.1–81.6), t(789) = –3.26,
p = 0.001]. Table 2 shows the mean age at death (with 95% CIs) for the male and female
cohorts divided into 5-year age groups at the start of ChEI therapy, low (≤9 years) versus high
(>9 years) level of education, APOE genotype, early versus late onset of AD, and mild versus
moderate stage.
Individuals with AD having a higher education level died at a younger age than those with
a lower education level [mean, 80.0 years (95% CI 79.0–81.1) vs. 82.4 years (95% CI 81.9–
82.9), t(788) = 4.04, p < 0.001]. Carriers of two APOE ε4 alleles were significantly younger at
death [mean, 79.9 years (95% CI 78.8–81.0)] compared with carriers of one ε4 allele [mean,
81.7 years (95% CI 81.1–82.4)] and noncarriers [mean, 82.7 years (95% CI 81.9–83.5), F(2,
769) = 6.92, p = 0.001]. Patients with an early onset of AD (<65 years) died at a younger age
than those with late-onset AD [mean, 70.0 years (95% CI 68.8–71.2) vs. 83.2 years (95% CI
82.8–83.6), t(787) = –22.10, p < 0.001]. The individuals in the mild stage of AD were older at
death [mean, 82.2 years (95% CI 81.6–82.7)] compared with those in the moderate stage
[mean, 81.1 years (95% CI 80.3–82.0), t(789) = 2.10, p = 0.036].
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Table 3. Life expectancy (years) after the start of ChEI therapy in AD compared with the gender- and age-matched general
population
Variable

Males

Females

AD

general
population

differencea

AD

general
population

differencea

≤64 years at baseline

6.35 (5.28 – 7.41)

21.30 (19.57 – 23.03)

–14.95

7.30 (6.10 – 8.50)

24.88 (23.55 – 26.21)

–17.58

65 – 69 years at baseline

5.77 (4.77 – 6.76)

15.32 (14.74 – 15.90)

–9.55

6.66 (5.74 – 7.59)

18.06 (17.73 – 18.40)

–11.40

70 – 74 years at baseline

5.62 (4.96 – 6.28)

11.52 (11.29 – 11.74)

–5.90

6.40 (5.79 – 7.02)

14.40 (14.17 – 14.62)

–8.00

75 – 79 years at baseline

4.91 (4.39 – 5.44)

8.66 (8.50 – 8.81)

–3.75

5.97 (5.56 – 6.37)

10.68 (10.54 – 10.82)

–4.71

80 – 84 years at baseline

4.19 (3.70 – 4.68)

6.47 (6.32 – 6.63)

–2.28

5.98 (5.49 – 6.48)

8.04 (7.90 – 8.18)

–2.06

≥85 years at baseline

5.28 (4.33 – 6.22)

4.84 (4.71 – 4.97)

0.44

5.11 (4.26 – 5.97)

5.75 (5.59 – 5.91)

–0.64

Level of education ≤9 years

5.12 (4.78 – 5.46)

9.72 (9.16 – 10.27)

–4.60

6.24 (5.96 – 6.52)

11.35 (10.94 – 11.76)

–5.11

Level of education >9 years

5.06 (4.49 – 5.63)

10.39 (9.43 – 11.35)

–5.33

5.68 (5.13 – 6.23)

13.24 (12.11 – 14.36)

–7.56

APOE ε4 noncarrier

5.40 (4.92 – 5.87)

9.52 (8.85 – 10.18)

–4.12

5.90 (5.41 – 6.38)

10.95 (10.18 – 11.72)

–5.05

APOE, carrier of one ε4 allele

4.81 (4.40 – 5.22)

10.23 (9.45 – 11.02)

–5.42

6.25 (5.92 – 6.57)

11.69 (11.16 – 12.22)

–5.44

APOE, carrier of two ε4 alleles

5.73 (4.84 – 6.62)

11.10 (9.64 – 12.56)

–5.37

6.49 (5.83 – 7.16)

13.54 (12.49 – 14.59)

–7.05

Early-onset AD (<65 years)

6.21 (5.46 – 6.95)

18.50 (17.09 – 19.92)

–12.29

6.83 (5.96 – 7.71)

21.33 (19.97 – 22.69)

–14.50

Late-onset AD (≥65 years)

4.95 (4.64 – 5.26)

8.70 (8.40 – 9.00)

–3.75

6.05 (5.79 – 6.32)

10.77 (10.47 – 11.07)

–4.72

Mild AD (MMSE score, 20 – 26)

5.31 (4.95 – 5.67)

9.53 (9.02 – 10.04)

–4.22

6.31 (5.99 – 6.62)

11.79 (11.30 – 12.27)

–5.48

Moderate AD (MMSE score, 10 – 19)

4.67 (4.22 – 5.13)

10.68 (9.65 – 11.71)

–6.01

5.73 (5.34 – 6.12)

11.60 (10.88 – 12.32)

–5.87

Values are means with 95% CI in parentheses.
All differences were significant at p < 0.001, except for the ≥85 years group’s survival time, which did not differ between the AD patients and the general
population. Baseline indicates the start of ChEI therapy shortly after AD diagnosis.
a

Life Expectancy in ChEI-Treated AD Patients Compared with Historical Untreated Cohorts
The mean survival time in the ChEI-treated SATS participants was 6.3 years for patients
<75 years, 5.5 years for those aged 75–84 years, and 5.2 years for those aged ≥85 years at AD
diagnosis. Brookmeyer et al. [6] reported a median life expectancy of 6.0 years for untreated
individuals <75 years, 5.0 years for those aged 75–84 years, and 3.5 years for those aged ≥85
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years (95% CI 8.90–9.53), t(787) = –4.11, p < 0.001]. The mean time after the start of ChEI
treatment to death was 5.73 years (95% CI 5.54–5.93), and was also significantly shorter in
males [5.10 years (95% CI 4.82–5.39)] compared with females [6.12 years (95% CI 5.87–
6.37), t(789) = –5.27, p < 0.001]. Table 3 shows the mean length of life (with 95% CIs) for the
male and female SATS cohorts divided into 5-year age groups at the start of ChEI therapy, low
versus high level of education, APOE genotype, early versus late onset of AD, and mild versus
moderate stage. Life expectancy for the gender- and age-matched general population is also
presented, together with the AD patients’ estimated decrease in length of life for each cohort.
There was a trend towards significance (p = 0.052) for participants with a lower education
level to have a longer survival time after baseline [mean, 5.84 years (95% CI 5.62–6.06) vs.
5.39 years (95% CI 5.00–5.79)] compared with individuals with a higher education level.
Patients with an early onset of AD showed a longer time from the baseline to death than those
with late-onset AD [mean, 6.55 years (95% CI 5.97–7.13) vs. 5.64 years (95% CI 5.44–5.85),
t(787) = 2.83, p = 0.005]. The individuals in the mild stage of AD had a longer survival time
compared with those in the moderate stage [mean, 5.93 years (95% CI 5.69–6.17) vs. 5.32
years (95% CI 5.02–5.62), t(789) = 3.09, p = 0.002]. No significant difference in length of life
from the start of ChEI treatment was observed among the APOE genotypes.
Figure 1a–d illustrates the age of the SATS participants at onset of AD, age at time of diagnosis, age at death and expected loss of years to AD, on average, according to a low versus
high level of education, APOE genotype, early versus late onset of AD, and mild versus
moderate stage.
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a

Fig. 1. a Mean age at AD onset, age at diagnosis, age at death and lost years to AD compared with the general
population according to a low versus high level of education. The patients with a higher level of education
were younger at the onset of AD (p < 0.001) and at the time of diagnosis (p = 0.001), died at a younger age
(p < 0.001) and lost on average 1.5 more years to the disease (p < 0.001) than those with a lower education.
b Mean age at AD onset, age at diagnosis, age at death and lost years to AD compared with the general population according to APOE genotype. The carriers of two APOE ε4 alleles were younger at the onset of AD
(p < 0.001), at the time of diagnosis (p < 0.001) and at death (p = 0.001) compared with carriers of one ε4 allele and noncarriers. The carriers of two ε4 alleles lost a mean of approximately 2 additional years to AD
compared with the noncarriers (p = 0.002).
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c

Fig. 1. c Mean age at AD onset, age at diagnosis, age at death and lost years to AD compared with the general
population according to early versus late onset of AD. Patients with an early onset of AD died at a younger
age (p < 0.001) and lost more years to the disease (p < 0.001), but exhibited a longer time from AD onset to
diagnosis (p < 0.001) and from AD diagnosis to death (p = 0.005) than the individuals with late-onset disease.
d Mean age at AD onset, age at diagnosis, age at death and lost years to AD compared with the general population according to mild versus moderate disease stage. The patients in the mild stage of AD exhibited a
shorter time from AD onset to diagnosis (p = 0.007), were older at death (p = 0.036), had a longer survival
time after AD diagnosis (p = 0.002) and lost on average 1 year less to the disease (p = 0.012) compared with
those in the moderate stage.
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Table 4. Cox proportional hazards modeling of time to death

Univariatea
hazard ratio (95% CI)
Gender (male = 0, female = 1)
Age at baseline (years)
Education (years)
Number of APOE ε4 alleles
Estimated age at onset (years)
MMSE score at baseline
IADL score at baseline
PSMS score at baseline
Number of concomitant medications at baseline
Antihypertensives/cardiac therapy
at baseline (no = 0, yes = 1)

Multivariate, significant predictors
p value

0.66 (0.57 – 0.76)
1.03 (1.02 – 1.04)
1.02 (0.99 – 1.05)
1.02 (0.91 – 1.13)
1.00 (0.97 – 1.04)
0.96 (0.94 – 0.98)
1.03 (1.01 – 1.04)
1.06 (1.03 – 1.09)
1.06 (1.03 – 1.09)

<0.001
<0.001
0.158
0.746
0.804
<0.001
<0.001
<0.001
<0.001

1.19 (1.03 – 1.37)

0.020

hazard ratio (95% CI)

p value

0.62 (0.54 – 0.72)
1.02 (1.01 – 1.04)

<0.001
<0.001

0.97 (0.95 – 0.99)

0.003

1.04 (1.01 – 1.08)
1.05 (1.02 – 1.08)

0.009
0.002

a

Adjusted (if applicable) for the baseline variables gender and age. Hazard ratios are expressed per 1-unit increase for
continuous variables and for the condition present for categorized variables.

years at the time of AD diagnosis. Larson et al. [13] observed a median life span of 7.5 years
for untreated AD patients aged ≤75 years, 4.9–5.6 years for those aged 76–85 years, and 3.2
years for those aged >85 years at diagnosis.
Cox Regression Models
Univariate Cox proportional hazards modeling showed that a shorter time to death after
AD diagnosis was associated with male gender, older age, lower cognitive ability, more
impaired instrumental and basic activities of daily living capacities, a greater number of
concomitant medications, and antihypertensives/cardiac therapy at baseline. When subjected
to multivariate backward elimination modeling, these factors were retained in the Cox model,
with the exception of IADL capacity and antihypertensives/cardiac therapy. The hazard ratios
(with 95% CIs), and the p values are listed in table 4. Level of education, APOE genotype, and
age at onset of AD were not significant factors in the models. However, the two variables age
at the start of ChEI therapy and age at onset exhibited a strong linear association (r = 0.955,
p < 0.001).

In this 15-year follow-up of AD patients, we found that the mean survival time ± SD was
8.83 ± 3.50 years from the estimated onset of symptoms and 5.73 ± 2.76 years from the start
of ChEI treatment, which was initiated almost immediately after the diagnosis of AD. Males
had a shorter life expectancy than females. Younger individuals showed a longer life span
after the baseline but exhibited a greater reduction in the length of life compared with the
general population of the same age. A similar life expectancy in our ChEI-treated patients and
untreated AD cohorts was observed for those diagnosed before the age of 85 years, but a
longer survival time compared with untreated individuals was indicated among the oldest old
(≥85 years). Carriers of two APOE ε4 alleles or patients with a higher level of education were
significantly younger at death; however, no difference in life span after AD diagnosis was
detected among the APOE genotypes or education levels.
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In Sweden, the expected mean length of life is 79.9 years for men and 83.5 years for
women [8]. The males with AD who participated in the SATS lived 1 additional year (80.9
years), on average, whereas the participating females lived approximately 1 year less (82.4
years). In the current study of ChEI-treated patients as well as in most previous studies of
untreated individuals with AD [6, 7, 13], the survival time after diagnosis was strongly
dependent on age. These findings indicate a similar life expectancy after AD diagnosis between
ChEI-treated and untreated patients aged up to approximately 84 years.
The treated SATS participants diagnosed at ≥85 years of age exhibited a mean survival
time of 5.2 years in the present study (i.e., almost 2 years longer than that reported earlier for
untreated AD patients in the US) [6, 13]. The SATS survival did not differ from the life expectancy at 85 years observed in the Swedish general population, which was similar to the life
table presented in the article from the US [6]. However, the number of individuals in the oldest
old AD cohorts is small. Participation in studies and variations in mortality may be more influenced by other factors among the oldest patients, such as manifestation of the disease, concomitant medical disorders, and psychiatric symptoms. Nevertheless, a recent study from our
group showed a better cognitive response to ChEI therapy and a slower disease progression
among older individuals with AD [19]. The oldest individuals might have a reduced cognitive
reserve because of their advanced age that can lead to an earlier manifestation of the typical
AD symptoms, worse performance on standardized cognitive tests, and hence earlier detection
of the disease. Diagnosis and treatment might occur in a milder stage of AD, which may improve
the results of interventions. Therefore, the effects of ChEI therapy might be one explanation
for the longer survival time observed in the SATS group aged ≥85 years.
The current study showed that AD patients with a higher education level performed
better cognitively at the time of diagnosis but died, on average, approximately 2.5 years
earlier, which supports the cognitive reserve hypothesis [29]. Individuals with a higher
education level are expected to have a higher cognitive ability during their adult life and
perform better on most standardized cognitive tests such as the MMSE, which normally uses
a single threshold to identify patients with dementia. Therefore, it is assumed that those individuals require a relatively larger burden of AD pathology at the onset of clinical symptoms
[30]. The brain-reserve hypothesis is supported by the observation of faster cognitive decline
among patients with more years of education in several [19, 29, 31] but not all [32, 33] studies.
Nevertheless, most previous studies have demonstrated that the participants’ level of
education does not influence survival time after the onset or diagnosis of AD [6, 10, 13, 31].
This finding is not conclusive, as associations between lower education and increased
mortality [34], as well as higher education and increased mortality [15], have been reported.
The large percentage of highly educated participants in the US studies (e.g., 75% were college
graduates [6] and 70% had at least 12 years of education [13]) indicates a measure of
dispersion that might be too small to allow the detection of any significant differences. In
Sweden, access to the health care system is publicly funded and not dependent on the individual’s income or health insurance coverage [35], which implies that the SATS participants
are more representative of the general population.
In this study, the carriers of two APOE ε4 alleles were significantly younger at the onset
of AD and the time of diagnosis, as well as, on average, approximately 3 years younger at death
than were noncarriers. However, APOE genotype did not affect the length of life after diagnosis. Some studies found that the presence of at least one APOE ε4 allele implied an earlier
onset [36] and a faster rate of cognitive deterioration [19, 37]. However, other authors
reported no difference in the onset of AD [38] and progression rate between ε4 carriers and
noncarriers [38, 39], or a faster cognitive decline in noncarriers [40]. The evidence is also
mixed regarding the relationship between APOE genotype and survival time after AD diagnosis. Various studies have observed a shorter life span for ε4 carriers [16], no difference [7,
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14], or a shorter life expectancy for noncarriers [40]. A recent study found an association
between APOE ε4 carriers and higher mortality in cognitively normal individuals and in
patients with AD but not in the mild cognitive impairment or other dementia groups [41].
Nevertheless, although the ε4 carriers might have an earlier onset of AD and a more aggressive
form of the disease, the impact of the ε4 allele on mortality in AD is still unclear. In genomewide association studies, APOE has been reported as a very, if not the most, important genetic
factor affecting human longevity [42, 43].
Most studies [13, 14, 17], including ours, have shown that more pronounced cognitive
impairment predicts a shorter survival time after AD diagnosis, after adjustment for gender
and age. Rountree et al. [10] found no association between disease severity at baseline and
time to death; however, those authors included the variable ‘preprogression rate’ (calculated
by using the patient’s initial MMSE score and symptom duration), which became significant
in their multivariate Cox model. In the present study, each 1-point decrease on the MMSE
scale was related to an increased risk of death of 3% per year. The MMSE score might serve
as an independent marker of the severity of AD, and thus might be a prognostic tool for life
expectancy and for the need of care and community-based services.
The advantages of the 3-year prospective SATS are the large cohort of ChEI-treated AD
outpatients with concomitant illnesses and medications from a routine clinical setting. The
14 memory clinics that participated in the SATS served different geographical regions across
Sweden, urban as well as rural areas; therefore, a wide spread of individuals with varying life
conditions and socioeconomic status might be assumed. The baseline in this study was the
start of ChEI treatment, which occurred shortly after the diagnosis of the disease. This
measurement point had the advantage of not relying on self-reports and/or informant reports
of the patient’s age at the onset of symptoms, which is usually estimated retrospectively in
clinical cohorts such as the SATS. Typically, AD has an insidious and gradual onset and could
sometimes be difficult to distinguish from an age-related decline at the start of the disease
[13]. The time of diagnosis is a clinically relevant moment, at which the symptoms have
reached a certain level (i.e., they are severe enough to affect the individual’s life situation and
the ability to manage independently in society). Therefore, medical care has been sought at
this point.
The limitations of this study and other reports of prevalent AD are that survival might
have been overestimated (survivorship bias) when individuals with a fast-progressing
disease were not identified before death or were too ill to participate in the study and thus
were not enrolled. In contrast, underestimation of the years of life lost might have occurred,
as life tables included AD cases in the population. Comorbid medical [13, 44] and psychiatric
conditions [45] might increase mortality in dementia; these variables were not specifically addressed in this study. However, not all previous studies have observed this association [10].
A detailed investigation of the survival time of patients treated with ChEIs is essential for
the evaluation of the influence of future disease-modifying therapies on mortality in AD. The
tables presented in the current study can be used as a tool to estimate life expectancy for individuals with different demographic and clinical characteristics. The few AD studies that have
analyzed the relationship between ChEI treatment and survival have reported conflicting
results regarding whether these drugs increase the length of life [9, 10]. Mortality studies
performed in ChEI-treated participants are warranted to expand the knowledge on the
potential influence of these drugs on life expectancy and consequently on the costs of dementia
care. Furthermore, if ChEI therapy prolongs life in the oldest old AD patients, the individuals’
quality of life and the caregiver burden during this time need to be evaluated. This information is of great importance for the health care system and for society as well as for clinicians and the patients and their families.
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In conclusion, the current study of ChEI-treated patients showed that a diagnosis of AD
implies on average 5–6 years of remaining disabled life, which is consistent with that reported
in previous studies of untreated AD patients. The number of ‘lost years’ compared with the
general population ranged from 15.0/17.6 for males/females diagnosed before 65 years of
age to 0 for individuals diagnosed at 85 years of age or older. A longer survival time was
observed among our oldest age group compared with earlier studies of untreated individuals
with AD, which raises the question of whether this outcome reflects a positive response to
ChEI therapy. The mild AD cohort had significantly less reduction in their life span compared
with those in the moderate disease stage, which emphasizes the importance of early diagnosis and treatment. A higher level of education or the presence of two APOE ε4 alleles might
be risk factors in AD regarding faster disease progression and an earlier death.
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