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The survival time after a diagnosis of Alzheimer’s disease (AD) could be predicted with a high degree of explanation using multivariate regres-

sion models including sociodemographic and clinical factors. The level of certainty in the models increased when including activities of daily

living (ADL) performance at baseline, as well as rates of cognitive and functional deterioration, which underlines the importance of assessing

those measures over time for a better AD prognosis. A longer life-span of up to ~2 years could be expected for individuals who received and

tolerated long-term cholinesterase inhibitor (ChEl) treatment. Our clinically relevant prognostic models can be used to calculate estimated

ife expectancy in AD.

BACKGROUND

The mean length of life after AD diagnosis varies between 3 and 10
years, mostly depending on the patient’s age; however, individuals

with AD can live considerably longer, up to 1520 years. Several
sociodemographic, genetic, and disease-related characteristics have
been shown to increase survival in AD, such as female sex, a lower
education level, the absence of the apolipoprotein E (APOE) €4 allele,
better cognitive ability, and fewer cardiovascular disorders. Reports of
potential differences in years of life expectancy according to various
protective or risk factors in AD, as well as aspects of ChEl therapy, are
scarce. VWe aimed to determine characteristics that might affect survival
time in AD patients treated with ChEl, and create statistical models of
estimated life-span after AD diagnosis.

METHODS

The Swedish Alzheimer Treatment Study (SATYS) is a prospective,
observational, multicenter study to assess the use of long-term

ChEl therapy in a routine clinical setting. The SATS enrolled 1,021
participants with a clinical diagnosis of mild-to-moderate AD (Mini-
Mental State Examination [MMSE] score, 10-26) at the start of ChEl
treatment (shortly after AD diagnosis). Of these, 966 individuals
(95%) had died after up to 20 years of follow-up and were included
in this presentation (Table |). Multivariate linear regression models
were used to identify the patients’ characteristics that independently
affected the survival time from diagnosis to death (Tables 2 and 3).

The following potential predictors were investigated: sex, APOE
genotype, solitary living, duration of AD, age at baseline, years of
education, type of ChEl, dose of ChEl, length of ChEl therapy in the
SATS, specific concomitant medications (antihypertensive/cardiac
therapy, antidiabetic drugs, asthma medication, thyroid therapy, lipid-
lowering agents, estrogens, nonsteroidal anti-inflammatory drugs/
acetylsalicylic acid, antidepressants, antipsychotics, and anxiolytics/
sedatives/hypnotics), cognition (MMSE), and ADL (Instrumental
Activities of Daily Living scale [IADL] and Physical Self-Maintenance
Scale [PSMS]) at baseline, and their rates of decline.

Cognitive status and instrumental and basic ADL were evaluated at
baseline and semiannually over 3 years, and the date of death was
recorded. The choice of ChEl agent and all decisions regarding dosage
for each individual patient were left entirely to the discretion and
professional judgment of dementia specialists.

Two types of multivariate regression models were created, one using
only sociodemographic and clinical characteristics at baseline and
another model that included baseline and longitudinal measures. Both
main models included cognitive ability and the extended models also
included ADL capacities, as well as aspects of ChEl treatment in the
longitudinal model. B values were unstandardized and are expressed
per | unit increase for continuous variables and for the condition
present in categorized variables (Tables 2 and 3).

RESULTS

Table |. Baseline characteristics (n = 966)

Female sex

620 (64%)

REGION\

SKANE

* The arbitrary examples of a patient’s estimated life-span after AD diagnosis presented in Tables 2 and 3 were based on a 76-year-old female with 10 years of education, who received antidiabetics and exhibited a MMSE
score of 21, an IADL score of 16, and a PSMS score of 8 at baseline. Her mean decline in MMSE score was 3.0 points/year and in PSMS score 1.3 points/year. She received ChEl therapy during 2.2 years in the SATS.

Table 2. Baseline characteristics that affected the patients’ survival time after AD diagnosis
in years (linear regression models).

APOE ¢4 carrier, (n = 946)

637 (67%)

Model | including MMSE

Model 2 including MMSE, IADL

and basic ADL

Table 3. Baseline characteristics, rates of progression and aspects of ChEl therapy that affected the patients’ survival time after AD
diagnosis in years (linear regression models).

Solitary living at baseline

343 (36%)

Degree of explained variance

R =0.389, R2 =0.15I, P < 0.00

R =0429 R2=0.184, P < 0.00I

Antihypertensive/cardiac therapy 395 (41%)
Antidiabetics 50 (5%)
Asthma medication 41 (4%)
Thyroid therapy 82 (8%)
Lipid-lowering agents 104 (11%)
Estrogens 65 (7%)

NSAIDs/acetylsalicylic acid

290 (30%)

Antidepressants

246 (25%)

Antipsychotics

47 (5%)

Anxiolytics/sedatives/hypnotics

142 (15%)

Mean * standard deviation

diagnosis, years

Significant predictors B (SE) P value | Example (B) B (SE) P value | Example (B)
Intercept 8.26 (0.57) <0.00l1 8.26 9.11 (0.63) <0.00l1 9.11
Sex, female? 1.25 (0.22) <0.00l1 .25 .15 (0.22) <0.00l1 .15
Age at baseline®

65—69 years -1.48 (0.52) 0.005 -1.27 (0.51) 0.013

7/0—74 years -2.02 (0.45) <0.00l1 -1.70 (0.45) <0.00lI

75—79 years -2.68 (0.43) <0.00l1 -2.68 -2.11 (0.43) <0.00l -2.11

80—84 years -3.22 (0.45) <0.00l1 -2.46 (0.46) <0.00l1

=85 years -3.60 (0.59) <0.00l1 -2.88 (0.60) <0.00l1
Education, 210 years®© -0.67 (0.25) 0.009 -0.67 -0.65 (0.25) 0.010 -0.65
Antihypertensive/cardiac therapyd | -0.65 (0.22) 0.003 -0.68 (0.22) 0.002
Antidiabetics® -1.26 (0.49) 0.011 -1.26 -1.08 (0.50) 0.031 -1.08
MMSE score at baselinef

20-23 points -0.56 (0.25) 0.027 -0.56 ns 0

|7—19 points -1.10 (0.32) 0.001 ns

<16 points -1.81 (0.35) <0.00l1 -0.72 (0.33) 0.029
IADL score at baselined na

9-12 points -1.05 (0.42) 0.014

13—19 points -1.70 (0.41) <0.00l1 -1.70

220 points -2.01 (0.47) <0.00l
PSMS score at baselineh na

/ points ns

8—10 points -0.66 (0.30) 0.028 -0.66

2|| points -1.11 (0.42) 0.009
Estimated life-span after AD 4.34 4.06

Estimated age at onset, years 724+ 72
Estimated duration of AD, years 30+ 19
Age at the start of ChEl treatment 755 + 6.8
(baseline), years
Education, years 94 £ 2.5
MMSE score, range 0—-30 21.3 £ 3.7
IADL score, range 83| 6.1 +54
PSMS score, range 6—30 76 £2.3
Mean dose of ChEl during the SATS, mg

Donepezil (n = 511) 69 + 1.8

Rivastigmine (n = 202) 6.1 +2.1

Galantamine (n = 253) 15.2 + 3.7
Length of ChEl therapy in the SATS, months 23.0+ 13.0
Time from AD diagnosis to death, years 6.7 £ 3.5
Age at death, years 822 +6.7

AD, Alzheimer’s Disease; APOE, apolipoprotein E; ChEl, cholinesterase inhibitor; IADL,

Instrumental Activities of Daily Living scale; MMSE, Mini-Mental State Examination; NSAIDs,
nonsteroidal anti-inflammatory drugs; PSMS, Physical Self-Maintenance Scale; SATS, Swedish

Alzheimer Treatment Study.

Apolipoprotein E genotype, solitary living, duration of AD, and specific concomitant medications (asthma medication, thyroid therapy,
lipid-lowering agents, estrogens, nonsteroidal anti-inflammatory drugs/acetylsalicylic acid, antidepressants, antipsychotics, and anxiolytics/
sedatives/hypnotics) used at the time of AD diagnosis (baseline) were not significant.

Reference categories:  male sex, b age <64 years, © <9 years of education, d
f24-26 MMSE points, & 8 IADL points (no impairment), " 6 PSMS points (no impairment).

no antihypertensive/cardiac therapy, ¢ no antidiabetics,

AD, Alzheimer’s disease; ADL, activities of daily living; IADL, Instrumental Activities of Daily Living scale; MMSE, Mini-Mental State
Examination; na, not applicable; ns, not significant; PSMS, Physical Self-Maintenance Scale; SE, standard error.
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Model | including MMSE Model 2 including MMSE, IADL Model 3 including MMSE, IADL,
and basic ADL basic ADL and ChEIl therapy

Degree of explained variance R = 0.447, R2 = 0.200, P < 0.00| R =0.479, R2=0.229, P < 0.00] R =0.536,R%2=10.287,P < 0.00
Significant predictors B (SE) P value | Example (B) B (SE) P value | Example (B) B (SE) P value | Example (B)
Intercept 10.10 (0.45) <0.00lI 10.10 9.69 (0.42) <0.00l1 9.69 8.24 (0.44) <0.001 8.24
Sex, female? .34 (0.22) <0.00lI .34 .31 (0.22) <0.00lI |.31 .26 (0.21) <0.001 .26
Age at baselineP

65—69 years -1.53 (0.52) 0.003 -1.29 (0.51) 0.012 -1.28 (0.49) 0.009

7/0—74 years -2.14 (0.45) <0.00lI -1.72 (0.44) <0.00l1 -1.83 (0.42) <0.001

75—79 years -2.82 (0.43) <0.00l1 -2.82 -2.14 (0.43) <0.00l1 -2.14 -2.08 (0.41) <0.001 -2.08

80—84 years -3.45 (0.45) <0.00l -2.71 (0.45) <0.00l -2.69 (0.43) <0.001

285 years -3.91 (0.59) <0.00l1 -3.22 (0.60) <0.00l -3.56 (0.57) <0.001
Education, 210 years® -0.55 (0.25) 0.030 -0.55 ns 0 ns 0
Antihypertensive/cardiac therapy? -0.77 (0.22) <0.00lI -0.81 (0.22) <0.00lI -0.78 (0.21) <0.001
Antidiabetics® -1.37 (0.49) 0.005 -1.37 -1.29 (0.50) 0.010 -1.29 -1.07 (0.48) 0.025 -1.07
MMSE score at baselinef ns ns

20-23 points -0.57 (0.25) 0.025 -0.57 0 0

|7—19 points -1.07 (0.32) 0.00l

<16 points -1.55 (0.35) <0.00l
MMSE score, rate of mean decline/year®

23 to <5 points -1.12 (0.30) <0.00lI -1.12 -0.68 (0.30) 0.025 -0.68 ns 0

25 points -1.98 (0.31) <0.00l -1.56 (0.32) <0.00l -0.69 (0.31) 0.025
IADL score at baselineh na

9—12 points ns ns

13—19 points -0.58 (0.26) 0.029 -0.58 -0.53 (0.25) 0.034 -0.53

220 points -0.76 (0.34) 0.028 -1.06 (0.28) <0.001
PSMS score at baseline' na ns

/ points ns

8—10 points -0.66 (0.30) 0.026 -0.66 0

2|1 points -1.14 (0.42) 0.007
PSMS score, rate of mean decline/year na

22 to <4 points -0.61 (0.29) 0.036 -0.75 (0.28) 0.008

24 points -1.67 (0.37) <0.00l1 -1.42 (0.35) <0.001
Length of ChEl therapy in the SATSK na na

2 to <3 years 0.99 (0.27) <0.001 0.99

3 years 2.26 (0.24) <0.001
Estimated life-span after AD 5.01 5.65 6.8l
diagnosis, years

Apolipoprotein E genotype, solitary living, duration of AD, specific concomitant medications (asthma medication, thyroid therapy, lipid-lowering agents, estrogens, nonsteroidal anti-inflammatory
drugs/acetylsalicylic acid, antidepressants, antipsychotics, and anxiolytics/sedatives/hypnotics) used at the time of AD diagnosis (baseline), rate of IADL decline/year, type of ChEl, and dose of ChEl
were not significant.

Reference categories: 2 male sex, ® age <64 years, € <9 years of education, 9 no antihypertensive/cardiac therapy, € no antidiabetics, f 24—26 MMSE points, 8 <3 MMSE points/year, " 8 IADL points
(no impairment), | 6 PSMS points (no impairment), i <2 PSMS points/year, ¥ <2 years of ChEl therapy.

AD, Alzheimer’s disease; ADL, activities of daily living; ChEl, cholinesterase inhibitor; IADL, Instrumental Activities of Daily Living scale; MMSE, Mini-Mental State Examination; na, not applicable;
ns, not significant; PSMS, Physical Self-Maintenance Scale; SATS, Swedish Alzheimer Treatment Study; SE, standard error.






