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Abstract: It is generally accepted that the population rate of early onset Alzheimer’s disease (EOAD) in 

Alzheimer’s disease (AD) is 1-2%. However, the true population based rate of EOAD has never been verified by 

a systematic review and meta-analysis. We used electronic searches of Cochrane Library, Embase, Medline and 

PubMed databases to identify published related studies. The systematic review and meta-analysis was then to be 

conducted to calculate a pooled rate of EOAD and make comparisons between studies and geographic distribution. 

A total of 13 papers were included in our systematic review and meta-analysis. The rate of EOAD, 5.5% [95% 

confidence interval (CI): 0.039-0.079, P<0.001], was generated after pooled analysis of all studies in random effect 

model. The pooled analysis of the rate in developed country was 5.9% (95% CI: 0.040-0.085, P<0.001). The 

pooled analysis of the rate in developing countries was 4.4% (95% CI: 0.028-0.066, P<0.001). Our study showed 

that the rate of EOAD in AD is 5.5%, not 1-2% as usually demonstrated. And our results indicated that the rate 

in developed countries was relative higher than in developing countries. Further trials with larger samples across 

more countries and more careful designed of experiments are required to confirm whether our findings are truly 

significant
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Introduction

Early onset Alzheimer’s disease (EOAD), with onset 
of symptoms at a young age (1,2), usually has a higher 
prevalence of atypical manifestations with earlier multi 
domain cognitive impairment when compared to late-
onset Alzheimer’s disease (LOAD) cases (3). As we all 
know, Alzheimer’s disease (AD) is the most common 
neurodegenerative dementia (4,5), and it would turn 
devastated when it  occurs at a young age. EOAD 
disproportionately impacts daily life. In addition, the 
psychological and medical toll to treat EOAD patients is 
also significantly.

There is no definitive definition for EOAD. And the 
cutoff age of EOAD is not definitive, either. EOAD is 
generally accepted as AD patients with onset before 
65 years of age (1). This cutoff point, 65 years old, is 
generally regarded as a sociological partition according 
to employment and retirement age. However, the cutoff 
point has no specific biological significance. But a range of 
disease features appear across this arbitrary divide. Hence, 
it is reasonable to choose 65 years of age as the cutoff 
point of EOAD.

Although more attention has been paid to pathophysiology 
and treatment of EOAD, epidemiological data for rate 
of EOAD is sparse. It is generally accepted that EOAD 
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accounts for 1% to 2% of AD cases (6). However, the 
percentage needs to be affirmed further. Hence, we 
performed a systematic review and meta-analysis of all 
studies that presented original data to calculate a rate of 
EOAD in AD. Then analysis of the population based rate 
was undertaken to make a geographic comparison.

Methods

Systematic search

Electronic searches of Cochrane Library, Embase, Medline 
and PubMed databases were used to identify published 
articles and studies. Medical Subject Headings (MeSH) 
terms and keywords included “EOAD”, “Early Onset 
Alzheimer Disease”, “Presenile Alzheimer Dementia”, 
“Alzheimer Disease, Early Onset”, “incidence”, “prevalence” 
and “epidemiology” were used to look for related studies. 
Additional trials were searched from previous related 
reviews and reference lists of included papers. These 
included studies were published in the period from 1985 
to 2013. When no information reported on the rate of 
EOAD in a population based study, we tried to contact the 
corresponding author to get data.

Study selection

The eligible studies for our meta-analysis from the initial 
search were all according to the following criteria: (I) 
Participants: the definition of EOAD is defined as AD 
patients with onset before 65 years of age. The diagnosis of 
AD can follow many criteria, such as the National Institute 
of Neurological Disorders and Stroke-Alzheimer Diseases 
and Related Disorders Association Working Group criteria 
(NINCDS-ADRDA) (7,8), the Diagnostic and Statistical 
Manual of Mental Disorders (DSM) (9), the Clinical 
Dementia Rating Scale (CDR) (10,11), or the International 
Classification of Diseases, 9th edition (ICD-9) (12), and Mini-
Mental State Examination (MMSE) score (13). In addition, 
AD can be diagnosed by Clinical manifestations (14). Our 
diagnostic criteria of EOAD participants have two points: 
firstly, they were diagnosed as AD patients; secondly, they 
were younger than 65 years old. (II) Outcome: we included 
studies which presented original data with the count of 
EOAD and total AD cases. We excluded the studies that did 
not contain statistical information. The participants with 
front-temporal dementia, vascular dementia, or other rarer 
forms of dementia were also excluded. In addition, studies 

with non-random enrolment for EOAD participants were 
also excluded from our analysis.

Data extraction and quality assessment

Two reviewers independently read the appropriate articles 
and extracted data according to predefined criteria. The 
final valid statistics of each outcome were the count of 
EOAD and AD cases. Additionally, data for country of 
study origin and characteristics of participants (number, 
age, female, and diagnostic criteria) were also extracted. 
When conflicts appeared in inclusion, exclusion or data 
extraction, disagreement was resolved with the third author 
through review and discussion. The Agency for Healthcare 
Research and Quality (AHRQ) evaluation standard was a 
common tool for observational studies to assess the quality 
of prevalence studies in a meta-analysis (http://www.ncbi.
nlm.nih.gov/books/NBK35156/). Our meta-analysis was 
assessed by AHRQ, which totally had 11 items to evaluate 
the quality of these included studies.

Statistical analysis

We use the Meta function of the Meta Analyst 3.13 
software to combine proportions. Random effect model 
was performed in our meta-analysis. According to the 
heterogeneity, fixed or random effect model was then 
performed in our meta-analysis. The effect of heterogeneity 
was quantified using I2 =100% × (Q − df)/Q (15). When a 
significant I2-statistic (I2 >50%) appeared, heterogeneity 
was thought existed in studies, then meta-analysis was 
conducted in random effect model (15).

Results

Literature search and characteristics of included study

Finally, a total of 15 relevant articles seemed to fulfill the 
inclusion criteria after the application of search strategy, and 
the search strategy was presented in Figure 1. Among the  
15 trials, two trials were from Zhang group and these 
two trials contained same amounts of EOAD and AD 
patients, hence we only included one in our meta-analysis. 
In addition, two studies performed by V. Chandra were 
conducted among the same cohort (a rural Hindi-speaking 
population in Ballabgarh in northern India) (16,17), we 
chose the one with higher quality in our meta-analysis (16). 
These included articles were published between 1985 and 
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2013. In addition, these included trials were all sporadic 
forms of EOAD. These included trials were conducted in 
Europe, America and Asia. Finally, our study included a 
total of 1,274 EOAD patients and 11,982 AD cases. Data 
details of the included studies are presented in Table 1.

Methodological quality and data available for analysis

In our meta-analysis, we used AHRQ evaluation standard 
to assess the quality of included trials. There are 11 items 
to assess the quality of these included studies, and Table S1 
showed these results by presenting the main statistical 
results on every measurement scale.

Meta-analysis

The rate of EOAD in AD, 5.5% [95% confidence interval 
(CI): 0.039-0.079, P<0.001], was generated after pooled 
analysis of all studies. We chose the outcome analyzed in 
random effect model, and the Forrest plot of the results in 
random effect model was demonstrated in Figure 2. The 
value of I2 is 0.486 indicating low heterogeneity exists in 
this study. In addition, the funnel plot of the results was 
seen in Figure S1. There were eight countries included 
in our meta-analysis. Among these six were developed 
countries, two were developing countries. After analysis, 
the rate of EOAD in AD is 6.9% (95% CI: 0.044-0.107) 
in Russia, 5.7% (95% CI: 0.019-0.160) in USA, 1.2% 

(95% CI: 0.006-0.023) in Netherlands, 6.8% (95% CI: 
0.042-0.110) in Sweden, 14.8% (95% CI: 0.057-0.335) 
in Spain and 9.7% (95% CI: 0.090-0.105) in UK. The 
pooled analysis of the rate in developed country was 5.9% 
[95% CI: (0.040-0.085), P<0.001]. This result of the meta-
analysis shows low heterogeneity (I2=0.487) about the rate 
of EOAD in developed countries. The rate of EOAD was 
5.9% (95% CI: 0.020-0.159) in India and 4.0% (95% CI: 
0.028-0.056) in China. The pooled analysis of the rate 
in developing countries was 4.4% [95% CI: 0.028-0.066, 
P<0.001]. In addition, the result of meta-analysis indicates 
low heterogeneity (I2=0.101) about the rate of EOAD in 
developing countries. The individual rate of EOAD for each 
country was demonstrated in Figure 3. In addition, we found 
P value of the rate of EOAD between developing countries 
and developed countries was less than 0.05, indicating that 
significant difference of the rate of EOAD exits between 
developing countries and developed countries.

Discussion

Numerous studies have paid attention to examine the 
incidence of LOAD. However, there seems to be a paucity 
of epidemiologic data about the frequency of EOAD, not 
to mention the epidemiological research which explored 
the rate of EOAD cases among AD cases. EOAD is a 
devastating condition for the patients and their families. 
Hence, more attention should be paid to EOAD and it is 
necessary to figure out the answer of the matter about the 
rate of EOAD cases in AD cases.

This systematic review and meta-analysis is made up 
of 13 studies. According to our meta-analysis based on 
population enriched studies, generally reported rates of 
EOAD (1-2%) from previous studies are likely biased. 
Since our study was conducted by population based studies 
in a defined geographic area during a given period of time, 
the final population based rate, 6.1%, is likely to represent 
more accurate estimation about the rate of EOAD.

As shown in Figure 3, we notice that the rate of EOAD 
varies among different countries. These geographic 
differences may result from variability in the underlying 
genetic structure. In addition, the pooled analyses of the 
rate in developed and developing countries are significant 
different. Moreover, the rate in developed countries 
consistent with the finally pooled analysis of all countries, 
and the rate in developed countries are relative higher than 
in developing countries. These outcomes may result from 
that developed countries have more robust basic medical 

Figure 1 Flow diagram of study identification process.
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care, hence, more EOAD population in developed countries 
would be discovered and diagnosed timely. Maybe the 
rate in developed counties is more close to the accurate 
prevalence of EOAD in world, and this is consistent with 
our outcomes.

Our meta-analysis still has several potential limitations. 
First, the account of the trials included in our meta-analysis 
was relatively small, and the included trials only covered 
eight countries. Therefore, it is a weak argument to reveal 
the accurate rate over the world. Second, APOE, age, and 

sex play a vital role in EOAD. Hence, more studies are 
needed to perform to explore the possible APOE-, age- and 
gender-dependent effect. Lastly, our included trials were 
all sporadic EOAD, we did not figure out the difference 
between sporadic and familial forms of EOAD.

In summary, our meta-analysis first offered some 
evidence of the potential rate of EOAD among AD cases. 
And the present rate (6.1%) is higher than the generally 
accepted rate (1-2%). The result of our meta-analysis 
draws more attention to EOAD. But our meta-analysis 
still has several limitations. Therefore, further trials with 
larger samples across more countries and careful design of 
experiment are required to confirm whether our findings 
are truly significant.
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Table S1 The Agency for Healthcare Research and Quality (AHRQ) evaluation standard of included studies

Items
References

(29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41)

Define the source of information (survey, record 

review)

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

List inclusion and exclusion criteria for exposed and 

unexposed subjects (cases and controls) or refer to 

previous publications

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Indicate time period used for identifying patients Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Indicate whether or not subjects were consecutive if 

not population-based

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Indicate if evaluators of subjective components of 

study were masked to other aspects of the status of 

the participants

No No No No No No No No No No No No No

Describe any assessments undertaken for quality 

assurance purposes (e.g., test/retest of primary 

outcome measurements)

Yes Yes Yes Not 

clear

Not 

clear

Not 

clear

No Not 

clear

Not 

clear

Not 

clear

No Not 

clear

Yes

Explain any patient exclusions from analysis Yes Yes No Not 

clear

Yes No Yes No Yes Yes Not 

clear

Yes Yes

Describe how confounding was assessed and/or 

controlled

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

If applicable, explain how missing data were handled 

in the analysis

No Yes Not 

clear

No No No No Not 

clear

Not 

clear

Yes Not 

clear

No Yes

Summarize patient response rates and completeness 

of data collection

No Not 

clear

Not 

clear

No No No No No No Yes No No Not 

clear

Clarify what follow-up, if any, was expected and the 

percentage of patients for which incomplete data or 

follow-up was obtained

No Not 

clear

Yes Yes Yes Yes Yes Not 

clear

Not 

clear

Not 

clear

Not 

clear

Not 

clear

Yes

The AHRQ evaluation standard has 11 items to assess the quality of included studies, and each item has three grades: yes, no or 

not clear.
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Figure S1 Funnel plots of population based studies included in pooled analysis.


