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Abstract

Background: Research suggests that incident dementia is decreasing, yet research

on secular trends of prodromal dementia such as mild cognitive impairment (MCI) is

lacking.

Methods:To determine change ofMCI prevalence over time and potential explanatory

factors, four baseline samples (years 2001–2020) of Swedish participants (n = 3910)

aged 60 and 81 at examination were compared.

Results:An overall drop of 9 to 10 percentage points inMCI prevalence between 2001

and 2020was observed, with lower odds ratios (OR) forMCI in the latest birth cohorts

compared to earliest (e.g., ORs for 60-year-olds in latest born = 0.53; 95% confidence

interval [CI] 0.37–0.76). Adjustments for sociodemographic (e.g., education), lifestyle,

vascular andmetabolic health and depression could not fully explain the observedMCI

decline (e.g., 60-year-olds, OR= 0.59; 95%CI 0.40–0.88).

Discussion: Studies like this are imperative as even a slight postponement in the onset

of dementia could have a substantial impact on future public health burden.
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1 INTRODUCTION

As the population of older adults increases, prevalence of age-related

cognitive deficiencies, such as Alzheimer’s disease, is also expected

to rise, causing a severe burden on society.1 Somewhat contradic-

tory to this expectation, age-specific prevalence2–4 and incidence5–8

of dementia have seemingly dropped in several high-income countries.

Underlying causes of prevalent dementia decline are suggestive that

individuals with dementia have shorter life expectancy or are being

cured. As there is no cure for dementia to date and survival after

dementia diagnosis is seemingly stable or even increasing,9 an alterna-

tive explanation is that onset of dementia is decreasing.10 Plausibly, a

consecutive decline in prodromal stages of dementia, such as mild cog-
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nitive impairment (MCI) should also be observed. Yet, only a handful of

studies examining secular trends of MCI currently exist.10–12 In addi-

tion, even small changes in future estimates of dementia could have a

substantial impact on forthcoming public health, therefore implement-

ing investigations of temporal changes ofMCI is imperative.

Twelve modifiable risk factors, accountable for 40% of dementia

cases worldwide, have been proposed.13 Factors include sociode-

mographic status such as low education; lifestyle factors: smoking,

physical inactivity, obesity, excessive alcohol consumption and social

isolation; vascular and metabolic disease; and other health-related

factors: hypertension, diabetes, traumatic brain injury, hearing impair-

ment, depression, and air pollution. In accordance, most of these fac-

tors are also associated with MCI and MCI progression14,15 and their
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prevalence have changed simultaneously with declining dementia

occurrence. For instance, positive trends in lifestyle choices (e.g.,

improved exercise habits or rise in smoking cessation), better treat-

ment of vascular conditions (e.g., increased use of antihypertensives),

andhigher educational attainment are someof the sought-out explana-

tions of lower dementia rates. Yet, to what extent these changes have

directly impacted the observed decline in prevalence and incidence of

MCI and dementia remains unclear.

Using four population-based cohorts from the south of Sweden, this

study aimed first to investigate secular trends in prevalent MCI dur-

ing the last two decades (2001–2020). Second, guided by the lead-

ing modifiable causes of dementia and MCI, we investigated whether

demographic and lifestyle features, vascular andmetabolic health, and

depression can explain potential secular trends in prevalentMCI.

2 MATERIALS AND METHODS

2.1 Population sample and data collection

The samplewas drawn from the Swedish longitudinal aging studyGood

Aging in Skåne (GÅS-project).16 Participants from rural and urban

areas of the southern part of Sweden ages 60 (born 1941–1956) and

81 (born 1920–1937) at the time for examination were invited at ran-

dom from the population registry in 2001: cohort 1 (C1), 2007: cohort

2 (C2), 2012: cohort 3 (C3), and 2018: cohort 4 (C4). Each wave took

approximatly 3.5 years to complete. This type of study design enables

the comparison of multiple birth cohorts the same age at examination.

Waves one and two had participant rates of 60%; wave three had 70%

and no rate is available for wave four as it is not yet complete. A total of

3111 60-year-olds (mean age= 60.12, standard deviation [SD]= 0.76)

and 1394 81-year-olds (mean age = 81.3, SD = 0.50) were extracted

from the GÅS-sample. There was a total exclusion of 211/239 (60-/81-

year-old) participants due to dementia (13/55), not enough cognitive

data to classify MCI (17/55), and both impaired functional disabilities

and impaired cognitive test scores but no dementia (17/102); 143/51

participants were used to create norm scores (see Overton et al.17 for

norm-score application). The remaining 2900 60-year-olds and 1010

81-year-olds were used for prevalence calculations. The study was

approved by the regional ethics committee of LundUniversity (LU744-

00) and written consent from all participants was obtained and in case

of cognitively impaired individuals, consent was obtained from closest

relative or guardian.

The participants were invited for a full day with examinations con-

ducted by a nurse, physician, and a psychological test administrator.

The cognitive test battery included tests measuring four cognitive

domains: episodicmemory, speedof processing, verbal ability, and visu-

ospatial skills and global functioning (Mini-Mental State Examination

[MMSE]).18 A shortend version of the Comprehensive Psychiatric Rat-

ing Scale was using to asses depression.19 Dementia was diagnosed by

the examining physician in accordance with Diagnostic and Statistical

Manual of Mental Disorders, 4th Edition and medical records. Stroke

(transient ischemic attack, cerebral hemorrhage, or cerebral infarct),

RESEARCH INCONTEXT

1. Systematic review: By searching the literature using the

research platform EBSCOhost, it was apparent that cur-

rent research on temporal trends of prodromal stages

of dementia such as mild cognitive impairment (MCI)

was lacking, being despite emerging evidence that age-

specific dementia occurrence is declining in Western

countries.

2. Interpretation: The results from this study shows that

prevalent MCI and severity of cognitive impairment has

declined in Southern Sweden during the last 19 years.

Educational, lifestyle, vascular, andmetabolic-related fac-

tors could only partially explain differences.

3. Future directions: This article is one of the first to report

cohort trends on MCI and MCI subtypes and therefore

confirmatory studies are required; nevertheless, it is a

demonstration of how such research could be conducted.

Future directions include further investigation of tempo-

ral trends of incident prodromal stages of dementia and

supplementary examination of underlying causes of MCI

decline preferably using a life-course perspective.

HIGHLIGHT

∙ MCI prevalence has decreased over the last two decades

in two set of samples ages 60 and 81 at examination

∙ Severity of cognitive impairment has decreased

∙ Educational, lifestyle, vascular and metabolic related fac-

tors could not fully explain cohort differences

∙ The overall observed decline of MCI was predominantly

driven by changes in women

myocardial infarction, diabetes (type 1 or 2), andmedication for hyper-

tension was also determined by the physician asking the participant

or by medical records. Smoking (current or never/former smoker) and

exercise habits (exercise regularly/sometimes or never), co-habitant

status, education (primary school, upper secondary school, or univer-

sity degree), and alcohol consumptionwere self-assessed via question-

naires. Alcohol consumption was divided into three categories: alcohol

consumption 2 to 7 days a week, 2 to 4 days a month, and never con-

sume alcohol.

2.2 Implementation of MCI criteria

Analgorithmic approachwas applied using the expandedoriginalMayo

Clinic criteria15,17 to define MCI cases: subjective and/or informant
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cognitive complaint, normal functional ability, no dementia, and objec-

tive cognitive impairment in one or more cognitive domains relative to

normative data. MCI cases were further divided into the subgroups:

single-domain and multidomain MCI (MCIs/MCIm) and amnestic and

non-amnesticMCI (aMCI/naMCI).

MCIs was defined as having at least one impaired test score in the

cognitive domain, whereas MCIm was defined as having impaired test

scores in multiple cognitive domains. Impaired test score was estab-

lished when a participant had a score below the seventh percentile of

test scores in a healthy subpopulation, when taking age, sex, and edu-

cation into account.*

Subjective and informant cognitive complaint was either confirmed

through a complaint from the participant or by a concern from the

examining physician. The Katz Index of Independence in Activities of

Daily Living (ADL)-index20 was used to evaluate functional abilities.

Participants with impaired personal ADL were excluded from the MCI

sample; mild problems of instrumental ADL were permissible.15 Par-

ticipants were excluded from the entire sample if they had dementia

and if they had both impaired cognitive test results and impaired ADL

and no dementia. Some participants had insufficient cognitive data to

be classified as MCI or non-cognitively impaired (NCI); these partici-

pants were classified as healthy if they had a MMSE over 26,17 or else

they were excluded.

2.3 Statistical analyses

Cohorts were stratified into two age groups: 60 and 81 for cohort

comparison. Chi-square and t-tests were used to explore cohort vari-

ations in demographic, lifestyle, and health and cardio- cerebrovas-

cular factors and depression. Proportions with 95% confidence inter-

vals (CI) were calculated for each cohort and χ2 – tests were run to

detect cohort differences for MCI and linearity was tested using Chi-

2 linear-association test. In addition, a series of logistic regression was

performed, with MCI prevalence as outcome variable and birth cohort

as predictor variable. We used five logistic models to estimate odds

ratios (ORs) and95%CIs ofMCI in the different cohorts, controlling for

demographics (sex and education); lifestyle-, vascular-, and metabolic

factors; and depression. To further inspect whether differences inMCI

prevalence were the same for all types of educational attainment lev-

els, logistic regression analyses stratified by the three educational

groups (primary, secondary, and university) were performed. All anal-

yses were performed using IBM-SPSS statistics package 25.

3 RESULTS

3.1 Descriptive statistics

Differences in the characteristics between the various cohorts were

detected (Table 1). A successive increase in higher education (sec-

* Assuming distribution normality, the seventh percentile equates to 1.5 standard deviations

below themean.

ondary/university)withbirth yearswasobserved. For the60-year-olds,

body mass index (BMI) increased with birth years and there was a sig-

nificantly smaller proportion of smokers in the later birth cohorts com-

pared to the earlier birth cohorts (e.g., in C4, 20.1% smoked vs. 28%

in C1). The later born 81-year-olds reported exercising more and con-

sumingmorealcohol than thosebornearlier. Proportionsof cardio- and

cerebrovascular conditions such as stroke, myocardial infarction, and

diabetes were similar in all the cohorts. There were, however, signifi-

cantly more members with diabetes in the later birth cohorts for 81-

year-olds (C1: 5.8% vs. C4: 12.6%). Observed in both age groups, sys-

tolic blood pressure significantly decreased and uses of antihyperten-

sives increased with birth year. Last, the number of participants with

depression significantly decreasedwith birth year.

3.2 MCI prevalence

For the 60-year-olds, 482/2900 MCI cases were identified, leading to

an overallMCI prevalence of 16.5% (95%CI: 15.8–18.0; Table 2). There

were significant birth-cohort differences with higher proportions of

MCI in the earlier birth cohorts: C1: 22.1% (95% CI 18.7–25.8), C2:

16.9% (95% CI 14.7–19.3), C3: 14.4% (95% CI: 12.2–16.9), and C4:

13.0% (95%CI 9.72–16.8). The earlier birth cohorts had higher propor-

tions of multi-domain MCI (e.g., C1: 33.7% vs. C4: 18%) than the later

borns, although this Chi-2 linear association was on the border of sig-

nificance (P = .06). Of those with MCI, no significant differences (χ2 =
5.16, P = .16) in the spread of males or females among the different

cohorts were observed.

For the 81-year-olds, 327/1010 MCI cases were identified, leading

to an overall MCI prevalence of 21.5% (95% CI: 20.9–26.2; Table 2).

Significant differences in MCI occurrence between birth cohorts were

observed, where the earliest born cohort had the highest MCI preva-

lence C1: 29.1% (95% CI: 22.5–36.1) compared to the later born

cohorts C2: 18% (95% CI: 13.8–24.0), C3: 22% (95% CI: 17.8–26.6),

and C4: 19% (95% CI: 14.8–23.8). This decrease in prevalence was

consecutively falling, with the exception for C3 in which the num-

ber increased slightly from the previous cohort. No significant cohort

differences were observed for single/multi-domain or amnestic/non-

amnestic MCI, nor were there significant cohort differences between

men andwomen inMCI prevalence (χ2 = 1.45, P= .692).

3.3 Logistic regression

The ORs for MCI decreased with birth year for the 60-year-olds when

adjusting for birth cohort (crude model), ORs: C2: 0.72, C3: 0.60, C4:

0.53 (Table 3). ORs comparable to the crude model were observed in

all models. Noticeably, the differences in ORs for C2 (compared to C1)

were attenuated when education and sex were included in themodels.

For the 81-year-olds, birth cohort was significantly associated with

odds of MCI, and lower ORs of MCI were observed for the latest birth

cohort compared to the earliest born (ORs: C2: 0.56, C3: 0.69, C4: 0.58,

C1 is ref). As indicated in the previous cohort analyses, the likelihood

of MCI was similar for cohorts 1 and 3. Including sex and educational
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TABLE 1 Comparison of descriptive characteristics stratified by age of cohorts examined 2001 and 2020

Cohort

160 (1941–1943)

81 (1920–1922)

Cohort

260 (1946–1950)

81 (1926–1928)

Cohort

360 (1952—1955)

81 (1932–1934)

Cohort

460 (1956–1958)

81(1936–1937)

Test statistic and

P-value

60-year-olds, n 553 1069 918 377

81-year-olds, n 191 249 380 336

Age, mean (SD)

60 60.3 (0.40) 60.8 (0.69) 60.3 (0.45) 60.5 (0.38) F= 191, P< .000

81 81.1 (0.34) 81.2 (0.54) 81.0 (0.43) 81.6 (0.40) F= 127.8, P< .000

Female, n (%)

60 273 (49.4) 579 (54.2) 446 (48.6) 180 (47.7) χ2 = 8.48, P< .05

81 109 (57.1) 141 (56.6) 210 (55.3) 192 (57.1) χ2 = 0.315, P= .957

Education, n (%)

60

Primary school 211 (38.9) 260 (27.0) 207 (24.5) 71 (21.3) χ2 = 53.9, P< .000

Secondary 181 (33.3) 314 (32.6) 319 (37.8) 128 (38.3)

University 151 (27.8) 389 (40.4) 319 (37.8) 135 (40.4)

80

Primary school 120 (64.9) 125 (55.1) 168 (51.2) 134 (45.0) χ2 = 30.74, P< .000

Secondary 42 (22.7) 58 (25.6) 103 (31.4) 78 (26.2)

University 23 (12.4) 44 (19.4) 57 (17.4) 86 (28.9)

BMI, M (SD)

60 26.9 (4.51) 26.5 (5.43) 27.1 (4.70) 27.3 (4.46) F= 3.57, P<.05

81 26.4 (4.08) 26.0 (4.00) 26.1 (3.93) 26.2 (4.53) F= 0.4, P= .75

Smoker, n (%)

Yes, 60 153 (28.1) 220 (20.9) 170 (18.6) 75 (20.1) χ2 = 19.5, P<.001

Yes, 81 18 (9.7) 13 (5.5) 20 (5.3) 20 (6.2) χ2 = 4.48, P= .21

Exercise regularly, n (%)

Yes, 60 498 (91.5) 964 (92.2) 838 (92.0) 342 (91.9) χ2 = 0.19, P= .98

Yes, 81 146 (78.9) 205 (86.9) 327 (88.1) 284 (89.9) χ2 = 13.2, P<.05

Alcohol consumption, n (%)

60

never 51 (9.4) 98 (19.2) 99 (11.7) 47 (13.8) χ2 = 7.89, P= .246

1–4 times amonth 339 (62.3) 560 (58.2) 504 (59.6) 194 (57.1)

2–7 times a week 154 (28.3) 304 (31.6) 243 (28.7) 99 (29.1)

81

never 64 (34.4) 53 (23.2) 82 (24.9) 72 (23.3) χ2 = 28.3, P= .000

1–4 times amonth 106 (57.0) 124 (54.4) 177 (53.8) 152 (49.2)

2–7 times a week 16 (8.6) 51 (22.4) 70 (21.3) 85 (27.5)

Cohabitant, n (%)

60, yes 372 (68.4) 761 (72.1) 674 (73.8) 269 (71.7) χ2 = 5.03 P= .169

81, yes 87 (46.8) 134 (55.8) 204 (54.3) 174 (52.3) χ2 = 3.96 P= .266

Stroke, n (%)

Yes, 60 13 (2.4) 33 (3.1) 25 (2.7) 14 (3.7) χ2 = 1.70, P= .636

Yes, 81 28 (14.7) 36 (14.5) 62 (16.3) 67 (19.9) χ2 = 4.05, P= .256

(Continues)
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TABLE 1 (Continued)

Cohort

160 (1941–1943)

81 (1920–1922)

Cohort

260 (1946–1950)

81 (1926–1928)

Cohort

360 (1952—1955)

81 (1932–1934)

Cohort

460 (1956–1958)

81(1936–1937)

Test statistic and

P-value

Myocardial infarction, n (%)

Yes, 60 12 (2.2) 37 (3.9) 30 (3.8) 10 (3.0) χ2 = 3.68, P= .30

Yes, 81 31 (11.1) 43 (18.1) 52 (16.1) 38 (12.3) χ2 = 6.01, P= .11

Systolic blood pressure, M (SD)

60 141 (21.4) 137 (18.4) 140 (19.2) 130 (15.8) F= 30.3, P<.000

81,M (SD) 153 (25.1) 146 (213) 150 (21.2) 140 (21.2) F= 16.6, P<.000

Use antihypertensives, n (%)

Yes, 60 109 (19.8) 252 (26.5) 222 (27.8) 88 (26.3) χ2 = 12.1, P<.05

Yes, 81 73 (38.4) 117 (49.2) 195 (60.2) 189 (61.2) χ2 = 32.3, P<.001

Diabetes, n (%)

Yes, 60 40 (7.3) 76 (8.0) 54 (6.8) 21 (6.3) χ2 = 1.55, P= .67

Yes, 81 11 (5.8) 25 (10.5) 43 (13.3) 39 (12.6) χ2 = 7.78, P< .05

Depression, n (%)

60

No depression 456 (85.2) 876 (92.5) 692 (89.4) 296 (91.4) χ2 = 20.9, P< .001

Mild, moderate, and severe 79 (14.8) 71 (7.5) 82 (10.6) 28 (8.6)

81

No depression 138 (79.3) 209 (91.3) 279 (92.4) 273 (92.9) χ2 = 27.1, P<.000

Mild, moderate, and severe 36 (20.7) 20 (8.7) 23 (7.6) 21 (7.1)

MMSE,M (SD)

60 27.8 (2.11) 27.5 (2.28) 27.9 (2.72) 27.9 (3.1) F= 4.58, P<.005

81 26.2 (2.84) 26.3 (2.23) 26.6 (3.40) 26.7 (3.33) F= 1.50, P= .212

Note: Cohort 1 was examined from 2001, cohort 2 from 2006, cohort 3 from 2012, and cohort 4 from 2018.

Abbreviations: BMI, bodymass index, weight in kilograms divided by the square of the height inmeters;MMSE,Mini-Mental State Examination; SD, standard

deviation.

level, lifestyle, vascular and metabolic disease factors, and depression

in the models barely altered ORs or CIs (e.g., OR for MCI in C4 rela-

tive to C1 was 0.53, 95% CI: 0.56–0.93 in model 1 and 0.59, 95% CI:

0.40–0.88 in model 5 for the 60-year-olds). To inspect direct impact

of level of education on risk of MCI in each cohort, education was

included alone in the model, and the outcome was nearly identical as

in model 2, indicating that the attenuated difference between cohorts

1 and2 inmodel 2 (seeTable 3)wasdrivenbydifferences in educational

level between the cohorts. Additional analyses were run to investigate

whether cohort differences in MCI prevalence were equal at all edu-

cational levels. Logistic regressions revealed significantly lower odds

forMCI in the later born 60-year-olds in all educational levels (primary

school: cohort 1 vs. 3, secondary school: cohort 1 vs. 4 and university:

cohort 1 vs. 4, for the 60-year-olds). No other cohort differences for

MCI prevalencewere observed. For the 81-year-olds, none of the odds

for MCI in the cohort groups were significantly different when strati-

fied into educational attainment. Results are shown in Table S1 in sup-

porting information.

4 DISCUSSION

Despite emerging evidence that incident dementia is declining inWest-

ern countries, limited investigation on secular trends of prodromal

stages of dementia such as MCI has been conducted. This study pro-

vides evidence for decline in MCI over the last 19 years in four sep-

arate cohort samples of Swedish adults aged 60 and 81. In addi-

tion, it reports that a severe form of MCI (i.e., multiple-domain MCI)

has also decreased. On inspection of demographic, lifestyle, vascular

and metabolic conditions, and depressive features, all evidently con-

tributing to the development of dementia,13 cohort differences were

detected. In addition to having higher education, the later birth cohorts

had overall lower systolic blood pressure, used more antihyperten-

sives, exercised more, smoked less, and were less depressed than the

earlier birth cohorts. Contrary to this healthier trend, there was an

increase in prevalent diabetes, higher BMI, and alcohol consumption.

These factors could only in part explain the decrease in the observed

MCI prevalence.
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TABLE 2 Cohort-differences in prevalence ofMCI, amnestic- and non-amnestic, single- andmulti-domain

Cohort 1 Cohort 2 Cohort 3 Cohort 4

Chi-2 test and

P-value
Chi-2 linear-association

and P-value

60-year-olds

MCI, n (%)

MCI 122 (22.1) 180 (16.9) 132 (14.4) 48 (13.0) χ2= 18.5, P<.001 χ2=16.9, P< .001

NCI 431 (77.9) 883 (83.1) 782 (85.6) 322 (87.0)

AmnesticMCI, n (%)

aMCI 42 (34.4) 60 (33.3) 40 (30.3) 19 (39.6) χ2= 1.45, P= .69 χ2 = 0.00, P=.95

naMCI 80 (65.6) 120 (66.7) 92 (69.7) 29 (60.4)

MultidomainMCI, n (%)

MCIs 69 (66.3) 113 (68.1) 90 (72.6) 35 (81.4) χ2 =4.01, P= .26 χ2 = 3.49, P=.06

MCIm 35 (33.7) 53 (31.9) 34 (27.4) 8 (18.6)

81-year-olds

MCI, n (%)

MCI 53 (29.0) 44 (18.5) 80 (22.0) 60 (19.0) χ2 = 8.54, P<.05 χ2 =3.83, P<.05

NCI 130 (71.0) 194 (81.5) 284 (78.0) 256 (81.0)

AmnesticMCI, n (%)

aMCI 21 (39.6) 21 (47.7) 35 (43.8) 34 (56.7) χ2 = 3.76, P=.29 χ2 = 2.45, P=.12

naMCI 32 (60.4) 23 (52.3) 45 (56.3) 26 (43.3)

MultidomainMCI, n (%)

MCIs 36 (80.0) 31 (75.6) 55 (75.3) 34 (73.9) χ2 = 0.53, P=.91 χ2 = 0.51, P=.51

MCIm 9 (20.0) 10 (24.4) 18 (24.7) 12 (26.1)

Note: Forty-five of 32 (60/81-year-olds) participants did not have enough data to determinemultiple or singleMCI.

Abbreviations: aMCI, amnesticmild cognitive impairment;MCI, mild cognitive impairment;MCIm,mild cognitive impairmentmultidomain;MCIs, mild cogni-

tive impairment single domain; naMCI, non-amnestic mild cognitive impairment; NCI, no cognitive impairment.

4.1 Secular trends of MCI prevalence

There was a drop of 9.1 and 10 percentage points in MCI prevalence

over the course of 19 years for the 60- and 81-year-olds, respectively.

Our results that severity of MCI and overall prevalence of MCI are

seemingly declining are consistent with studies reporting a secular

decrease in dementia incidence. For example, a recent investigation

using aggregated data from seven population-based studies in North

America and Europe revealed a 13% decrease per decade in dementia

incidence over the last 25 years.6 In addition, a systematic review,21

including 43 articles, determined mixed results where global demen-

tia prevalence was on the uprise, but a decline was observed in data

after 2010 in theUnited States, UK, and Sweden. The same review con-

cluded decrease or stable numbers for dementia incidence.

Recent Swedish data point to a more optimistic picture, in which

population-based studies report a temporal decline in dementia preva-

lence (1986–2010) in rural (age 78+)4 and urban areas (age 85).22

Additionally, survival rate after dementia diagnosis is increasing.4,23

However, a recent report by the Swedish National Study on Aging

and Care, with data from four harmonized studies, including the GÅS-

project, established stable prevalence between 2001 and 2010.24 Two

studies from Stockholm suggest that incident dementia has decreased

during the last 20 to 25 years.23,25 However, data from another large

Swedish city reported stable 5-year incidence comparing 70-year-olds

in 1971 to those in 2000.26 In summary, Sweden is one of the coun-

tries to repeatedly report declining numbers in dementia; still, not

all Swedish studies propose decline.27,28 Further research is required

to establish whether cognitive decline is occurring in the very recent

years in Sweden and other high-income countries.21

Studies reporting temporal trends on prodromal dementia are rare.

Using data from thepopulation-based studyEinsteinAging Study (New

York, USA)10 the authors concluded stability of incident aMCI among

men and women aged 70+ examined in 1993 and 2016. Upon inspec-

tion of prevalent aMCI in our birth cohorts, for the 60-year-olds, a sig-

nificant decrease was seen (i.e., C1: 8.9% vs. C4: 5.6%). Equally, there

was a decline for the 81-year-olds (C1: 13.9 vs. C4: 11.7%), although

differences did not reach statistical significance. UK data (age 65+)

from theCognitive Function andAgeing Studies confirmed overallMCI

prevalence to be stable between 1991 and 2011.11 Differences in the

application ofMCI definition (e.g., consensus vs. algorithmic approach),

time periods, and geographical regions may explain inconsistencies in

results, for example, overall MCI prevalence has been found to vary

between 3.2% and 42% due to heterogeneity.29 At present, no stud-

ies have investigated temporal trends in severity of MCI. Last, it is

worth mentioning that a Chinese study12 established increase in MCI

prevalence (age 60+, MCI = 22.9% 2010 and 27.8% in 2015), which
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TABLE 3 Odds ratios for prevalentMCI in four separate birth cohorts stratified by age groups 60 and 81

60-year-olds 81-year-olds

OR

95%CI (lower;

upper) P-value OR

95%CI (lower;

upper) P-value

Model 1 crude Cohort 1 (reference) .000 .038

Cohort 2 0.72 (0.56; 0.93) .012 0.56 (0.35; 0.88) .012

Cohort 3 0.60 (0.45; 0.78) .000 0.69 (0.46; 1.04) .073

Cohort 4 0.53 (0.37; 0.76) .001 0.58 (0.38; 0.88) .011

Model 2 demographic Cohort 1 (reference) .004 .032

Cohort 2 0.80 (0.62; 1.04) .101 0.53 (0.53; 0.33) .008

Cohort 3 0.64 (0.49; 0.84) .002 0.72 (0.72; 0.48) .126

Cohort 4 0.59 (0.41; 0.85) .005 0.57 (0.57; 0.37) .014

Model 3 lifestyle Cohort 1 (reference) - - .003 - - .016

Cohort 2 0.84 (0.66; 1.14) .302 0.47 (0.28; 0.78) .004

Cohort 3 0.66 (0.50; 0.88) .004 0.77 (0.50; 1.18) .230

Cohort 4 0.56 (0.38; 0.81) .003 0.58 (0.37; 0.92) .020

Model 4metabolic,

vascular health

factors

Cohort 1 (reference) .006 .004

Cohort 2 0.85 (0.64; 1.12) .240 0.43 (0.24; 0.75) .003

Cohort 3 0.64 (0.48; 0.86) .003 0.69 (0.43; 1.11) .128

Cohort 4 0.59 (0.40; 0.87) .008 0.47 (0.27; 0.79) .005

Model 5 depression Cohort 1 (reference) .006 .020

Cohort 2 0.87 (0.66; 1.16) .551 0.49 (0.27; 0.87) .015

Cohort 3 0.64 (0.48; 0.87) .004 0.83 (0.51; 1.36) .458

Cohort 4 0.59 (0.40; 0.88) .007 0.51 (0.29; 0.89) .019

Notes: Model 1: adjusted for birth cohort. Model 2: adjusted for sex and education. Model 3: adjusted for sex, education, smoking, exercise, cohabitant, alco-

hol usage, and BMI. Model 4: adjusted for sex, education, smoking, exercise, cohabitant, alcohol usage, BMI, stroke, myocardial infarction, diabetes, systolic

blood pressure, and antihypertensives. Model 5: adjusted for sex, education, smoking, exercise, cohabitant, alcohol usage, BMI, stroke, myocardial infarction,

diabetes, antihypertensives, and depression.

Abbreviations: BMI, bodymass index; CI, confidence interval; MCI, mild cognitive impairment; OR, odds ratio.

is not surprising as the decline in cognitive impairment is mostly seen

in high-income countries.21 Remarkably, although previous results are

inconsistent, the reported stability or decline is still detected despite

increased survival rates in the cognitively impaired andwith an increas-

ing aging population supposedly enhancing prevalence numbers. Per-

haps then decline is larger than described in prior research.

Declining rates of dementia incidence together with stable MCI

might be suggestive of prolonged stages of MCI.10 Our findings

together with previous Swedish research signifying decline in demen-

tia incidence advocates that the time between cognitive health and

dementia has not temporally changed, rather it supports the propo-

sition that the entire process of developing dementia has been

extended.9,30–32 Determining temporal trends of incident MCI could

further provide evidence for this argument.

4.2 Exploratory factors of MCI prevalence

The explanatory factors for MCI trends in this study were chosen

due to evidence linking them to dementia13 and MCI14 and that

a substantial number of these factors have, concurrently to declin-

ing trends of dementia, also changed throughout the last decades.

For instance, management of vascular disease such as regulation of

hypertension33 and treatment of stroke34 has improved and suppos-

edly results in fewer dementia cases.35 Still, similar to our conclusions,

studies adjusting for vascular factors, such as stroke, hypertension,

antihypertensives, and myocardial infarction do not detect attenuated

cohort trends on dementia.5,7,8,25 The positive health trends seen in

the GÅS-samples are consistent with national4,25,36 and global trends

from other high-income countries37,38 showing older adults are smok-

ing less, have lower blood pressure, use more antihypertensives, and

are more engaged in physical activities. Yet, it remains unclear why

these positive trends could not explain decline inMCI prevalence.

On a more detrimental note, our results were consistent with prior

Swedish research25,39 and studies from other high-income countries40

reporting that alcohol consumption, especially moderate to high con-

sumption in the older population, is seemingly increasing. Control-

ling for alcohol consumption did not alter observed cohort trends,

although higher ORs for MCI were observed for non-drinkers com-

pared to drinkers. Nevertheless, individuals with MCI and high alcohol
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consumption have a higher risk of developing dementia,41 therefore

the escalation in alcohol intake is of public health concern. Other risk

factors for MCI, MCI progression, and dementia include obesity42,43

and diabetes44–46 and consistent with our results these conditions

are increasing worldwide.47 Perhaps the higher diabetes prevalence in

later birth cohorts reflects increased survival and improved treatment

among the older diabetics in our sample.5 Albeit, increase in obesity

and diabetesmay adversely affect rates ofMCI prevalence and demen-

tia incidence in coming decades.6 This negative inclination together

with positive trends in lifestyle and vascular factors makes underlying

causes for temporal trends in dementia and MCI difficult to untangle

as one beneficial health factor might be eliminated by another non-

beneficial factor.

When stratified by sex, regression analyses revealed that preva-

lence of MCI declined in both sexes (data not shown). Notably, the

decrease was only statistically significant among women, indicating

that the overall observed decline of MCI was predominantly driven by

women, consistent with previous Swedish data on dementia decline.25

Women are more at risk for development of dementia, at least for AD,

andadecreaseofMCI amongwomencould infer a narrowingof the gap

between the sexes and dementia risk; further research on thematter is

therefore warranted.

As level of education and overall cognitive functioning has increased

globally the last century48 and loweducation is considered a risk factor

for cognitive impairment, it was thought that education could explain

someof theobservedcohort trends. Indeed, adjusting for educationdid

attenuate differences inMCI prevalence betweenC1 andC2 in the 60-

year-old group; however, no other reductions in significance levels or

ORswere observed.

There is evidence that level of education can explain a majority

of Swedish cohort differences. For instance, differences in prevalent

dementia between 85-year-olds examined in 1986 and 2008 were

fully attenuatedwhen adjusted for education.22 Additionally, in a study

with US data, education and net worth explained up to 43% of the

cohort differences in prevalent cognitive impairment.40 On the con-

trary, detected decline in dementia incidence for 70-year-olds exam-

ined in 1971 and 2000 remainedwhen adjusting for education, despite

significant differences in attained education between cohorts. This

holds true for several studies trying to explain cohort differences in

cognitive impairment with differences in educational level.5,25,31

The additional analyses to inspect whether the observed decline in

MCI prevalence was similar in all educational levels provided inconclu-

sive results.

Indeed, for our 60-year-olds, the earliest born cohorts still had

higher odds of MCI prevalence compared to the later born cohorts;

however, thedecreasewasnot asprominent aswhen theanalyseswere

run with all educational groups together. For the 81-year-olds, none of

the significant differences in odds remained when stratified by educa-

tion; however, it is likely that the groupswere too small to detect differ-

ences. Prior research also provides inconclusive results, with demen-

tia decline primarily in either low or in the higher educated groups or

equal decline in all educational groups.7,22,25,50 Fewer cases of cogni-

tive impairment in one specific educational group could reflect that

quality of education in that specific group has improved more so than

in other educational groups. However, the results for the 60-year-olds

indicate that age-related cognitive impairment has decreased similarly

across all educational levels.

Educational attainment is proposed to represent cognitive func-

tioning and cognitive reserve,49 yet it may not sufficiently represent

the observed cognitive gains. Other cognitively stimulating activities

throughout life such as work complexity may perhaps be better mea-

surements of cognitive functioning in later life. Further investigation

is warranted to determine whether there is an unequal cognitive gain

among different sociodemographic groups.

In summary, the explored factors could only partially explain the

observed decline, despite adjusting for evidence-based risk factors for

MCI and dementia. Risk factors from a life-course perspective are

desirable as certain conditions, for example hypertension or obesity,

are suggested to be more detrimental to cognitive health in midlife

than having the same condition in later life.13 Cohort differences in

childhood nutrition could also play a role in late-life cognition. Supple-

mentary research with life-course perspectives to explain underlying

causes of decline inMCI and dementia is therefore warranted.

4.3 Strengths and limitations

To the authors’ knowledge, this is the first European study to report

secular trends for both amnestic and non-amnestic MCI. Strengths

include that MCI diagnosis was based on the same standardized study

assessments applied uniformly throughout the study. This is especially

important when comparing diagnoses from different time periods9 as

changes in diagnostic criteria (e.g., causing an increase in MCI detec-

tion) can possibly disguise a true decline in MCI. Another strength is

that the sample includes data from both rural and urban areas, improv-

ing generalizability of results.

This study has some limitations. First, baseline data was used to

create norm scores for all cohorts, perhaps leading to underdiagnosis

of MCI in later birth cohorts due to the potential usage of outdated

norms. Noticeably, previous analyses with our data51 have shown so-

called Flynn effects (i.e., generational improvement on cognitive per-

formance) exclusively on speed of processing task, leaving a very small

impact onMCIdiagnosis. In addition,weappliednormscores corrected

for education, probably reducing cohort effects. Second, there were

few cases stratified into amnestic/non-amnestic and single/multiple

MCI, particularly for 81-year-olds,which limitedus toengage in further

cohort analyses on subtypes. Third, our study design limits the investi-

gation of improved cognition in age groups between60and80and81+

years of age. It would have been desirable to have these age groups

to confirm the secular decrease in MCI. Markedly, using 60-year-olds

to examine pre-stages of dementia may not be optimal, as cognitive

impairment in these age groups could reflect other issues such as stress

or work-overload or early signs of non-apparent cardiovascular condi-

tions, all affecting cognition. Even if overall MCI for our 60-year-olds

was slightly higher than previously reported (e.g., 16.5% vs. 13.4%52),

this study still provides valuable evidence on temporal improved
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cognition (MCI diagnosis) in younger older adults, and arguably better

cognitive reserve protects against developing dementia.

4.4 Concluding remarks

Even if the total numbers of dementia increase due to population aging,

a slight postponement in the onset of dementia could have a substan-

tial impact on future public health burden. Thus, the results presented

here of decliningMCI togetherwith others reporting decline in demen-

tia incidence provide an optimistic outlook.
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