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Abstract: Previous studies comparing early-onset Alzheimer’s disease (EOAD) and late-onset AD (LOAD) have been 
limited by cross-sectional design and a focus on isolated clinical variables. This study aims to explore differentials 
in clinical features between EOAD and LOAD and to examine longitudinally trends in cognitive function. Data from 
3,747 subjects with AD from C-Path Online Data Repository was used to compare demographics, body mass index 
(BMI), mean arterial pressure (MAP), biochemistry and cognitive assessments, including mini-mental state exam-
ination (MMSE) and Alzheimer’s Disease Assessment Scale-cognitive subscale (ADAS-Cog), between EOAD and 
LOAD. The baseline differences were examined by binominal proportion test and t-test. The trends of cognitive func-
tions, evaluating by MMSE and ADAS-Cog, were examined by the mixed model, controlling for the effect of repeated 
measures of the same person. No significant difference was found in BMI and MAP. C-reactive protein, creatinine 
and blood urea nitrogen (BUN) (p<0.05) were significantly higher in LOAD. The APOE ε4 alleles was more likely to be 
found among LOAD compared to APOE ε2 or APOE ε3. EOAD had significantly lower MMSE at baseline and this dif-
ference significantly increased over time. Despite an insignificant differential in ADAS-Cog between EOAD and LOAD 
at baseline, the differential was enlarged gradually and became more significant with time. Our findings suggest 
that elevated inflammatory markers, impaired renal function and APOE ε4 alleles are overrepresented in LOAD, pos-
sibly indicating that different factors determine the development of EOAD and its more rapid cognitive deterioration.

Keywords: Early-onset dementia, late-onset dementia, Alzheimer’s disease, cognitive assessments, EOAD progno-
sis

Introduction

The increasing health burden of Alzheimer’s 
disease (AD), both social and economic, is an 
international problem [1], particularly in low 
and middle income countries [2].  In America, 
there were more than 5 million people living 
with AD in 2012, and their health expenditure 
was estimated to exceed $ 200 billion [3]. 
Despite AD mostly occurs in the elderly, a small 
proportion of AD occurred before the age of 65, 
which is called early onset AD (EOAD), and is 
considered to have a more aggressive course 
and shorter relative survival time [4]. A more 
variable presentation including posterior corti-
cal atrophy, frontal variants and linguistic pre-
sentations are also recognised - even though 
the amnesic presentation is observed, it is less 
common, a conundrum that might lead to incor-
rect diagnosis [5]. Furthermore, the pathology 
in EOAD may be more severe with prominent 

synaptic fallout and neuronal loss [6]. EOAD is 
also characterized by more severe perfusion 
and metabolic defects [7].

Despite evidence suggesting differences be-
tween EOAD and LOAD, previous investigations 
are inadequate as they examined isolated clini-
cal features or cognitive functions. The small 
sample sizes in these investigations limit the 
value of those differences between EOAD and 
LOAD. Furthermore, much of the evidence relies 
on cross-sectional design, particularly the cog-
nitive functions, which is not conclusive. As the 
disease burden of AD is increasing with aging 
society, it is important to understand the aetiol-
ogy and characteristics of EOAD with sufficient 
sample size and strong epidemiological design. 
The findings may shed the light on the detection 
of EOAD, which is more difficult to diagnose and 
help improve our understanding of AD in gener-
al [5].
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This study attempts to improve the understand-
ing of EOAD by analyzing a large, global data-
base to answer the following questions: (i) do 
patients with EOAD have different clinical char-
acteristics from LOAD? (ii) are they biochemi-
cally different? (iii) is their APOE genotyping 
similar to LOAD? and (iv) do they have a differ-
ent cognitive trajectory? 

A large relatively uniform database was required 
- the Coalition Against Major Diseases (CAMD) 
has made the C-Path online data repository 
available. This contains data on over 3,000 
patients given placebo from ten AD clinical tri-
als - this data was analysed to provide insights 
into the differences between EOAD and LOAD, 

to better understand the nature of EOAD and its 
origins.

Materials and methods

Database

The CAMD has made the C-Path Online Data 
Repository (CODR) available for analysis. The 
dataset is composed of the placebo arm of 10 
clinical trials from 7 major pharmaceutical 
companies into AD; the trials vary in length 
from 3 months to 2 years; the data is de-identi-
fied and contains information on 3,747 sub-
jects (data was retrieved on 16 Feb 2012). 
Subjects had given informed written consent 

Table 1. The demographics of the study population: late-onset and early onset of Alzheimer’s disease
All (n=3747) LOAD (n=3133) EOAD (n=614)
N % N % N % Chi-square p-value

Gender Male 1672 44.6 1385 44.2 287 46.7 χ²=1.36 0.25
Race While 3467 92.5 2913 93.0 554 90.2 χ²=14.8 0.002

Asian 173 4.6 143 4.6 30 4.9
Black 45 1.2 36 1.2 9 1.5

Others* 62 1.7 41 1.3 21 3.4
Parental/Sibling AD Yes 1147 30.6 973 31.1 174 28.3 χ²=1.79 0.18
First degree relative AD Yes 2510 67.0 2157 68.9 353 57.5 χ²=29.94 <0.0001
*Including native American Indians, Alaskans and Hawaiians.

Table 2. BMI, mean arterial pressure and biochemical differences between EOAD and LOAD
LOAD EOAD

T-test p-value
n Mean STD n Mean STD

BMI 1211 25.3 3.97 237 25.5 4.32 0.58
MAP* 1217 95.0 9.50 237 95.2 9.81 0.68
C-reactive Protein (mg/L) 169 2.21 2.218 32 1.71 0.929 0.03
Creatinine (umol/L) 299 0.0835 0.0200 61 0.0765 0.0151 0.003
Blood Urea Nitrogen (mmol/L) 294 6.26 1.656 61 5.56 1.761 0.003
Glucose (mmol/L) 180 5.2 0.86 35 5.1 0.81 0.58
Cholesterol (mmol/L) 175 5.8 0.86 34 6.0 0.96 0.12
Triglyceride (mmol/L) 174 1.6 0.81 34 1.4 0.68 0.26
HDL (mg/dL) 162 62.5 18.44 32 66.6 17.5 0.25
LDL (mg/dL) 162 137.1 25.6 32 143.3 28.7 0.22
VLDL (mmol/L) 161 0.61 0.409 31 0.54 0.335 0.39
Apolipoprotein E (g/L) 155 0.04 0.012 32 0.04 0.013 0.89
Apolipoprotein B (g/L) 160 1.10 0.215 32 1.12 0.218 0.57
Vitamin B12 (pmol/L) 277 374.7 236.00 57 389.3 224.10 0.67
TSH (mu/L) 292 1.78 1.132 55 1.94 2.919 0.70
Total Thyroxine (nmol/L) 116 102.6 18.76 22 101.7 15.54 0.84
Free Thyroxine (nmol/L) 161 13.9 2.36 32 14.5 2.67 0.20
*MAP: mean arterial pressure=(2×diastolic pressure) + systolic pressure]/3.
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for entry into the clinical trials according to 
good clinical research practice guidelines.

The CAMD Data Working Group, in association 
with the Clinical Data Interchange Students 
Consortium (CDISC), has developed standards 
for collecting, sorting and interchanging AD clin-
ical trial data. The companies reworked the 
clinical trial data into a new format and agreed 
to share the information to aid research into 
AD. Ephibian, an information technology solu-
tions company, have transformed the data into 
a workable database.

The database was interrogated by demograph-
ics, medical history, subject characteristics, 
body mass index (BMI), mean blood pressure 
(MAP), apolipoprotein E genotypes and alleles 
(APOE), and laboratory measures (biochemis-
try). Data for cerebrospinal fluid analysis and 
neuroimaging were not available at the time of 
this analysis. Cognitive functions of individuals 
were assessed by Mini mental state examina-
tion (MMSE) and Alzheimer’s Disease Assess-
ment Scale - Cognitive (ADAS-Cog) at 9 of 10 
visits (data at the third visit was not available). 
The completeness of data in each trial varied 
as it is not compulsory to report all information 
in the C-Path online data repository.

Statistical analysis

The chi-square test was used to compare the 
distributions of demographics by EOAD and 
LOAD. The unpaired t-test was used to examine 
differences in clinical features including BMI, 
MAP, biochemistries (e.g. C-reactive protein 
and creatinine). Allele and genotype frequen-
cies were analysed using the binominal propor-
tion test. The mixed model was used to exam-
ine the trend of MMSE and ADAS-Cog data over 
time, adjusting for patients from the same clini-

kan, Hawaiian and others) was higher than that 
of LOAD. A significantly higher proportion of 
LOAD patients reported to have a first degree 
relative with AD. 

The BMI and MAP were not different between 
the EOAD versus LOAD groups at baseline 
(Table 2). The laboratory measures of C-reactive 
protein (CRP), creatinine and blood urea nitro-
gen (BUN) were significantly higher in the LOAD 
population (Table 2). The differences in the 
blood glucose and lipid studies, B12 and red 
blood cell folate, thyroid function and other 
measures were not significant (Table 2).

The distribution of APOE allele1*allele2 by 
EOAD and LOAD patients is presented in Table 
3A and 3B. Most ADs were found to have a 
combination of APOE3*APOE3 or APOE3*APO- 
E4, which accounted for 69% of total EOAD and 
75% of total LOAD. The proportion of APOE2 
seems to be more frequently found among 
EOADs (EOAD 18% vs. LOAD 10%). Among LOAD 
patients, the proportion of APOE4 was signifi-
cantly higher compared with APOE2 or APOE3. 
This tendency was not found among EOADs. 

The results of mixed models of the cognitive 
assessments are presented in Table 4. Table 5 
shows cognitive assessments at each visit for 
LOAD vs EOAD. Compared to LOAD, EOAD had 
significantly lower MMSE at baseline (EOAD 
19.3 vs. LOAD 20.9, p<0.05) and this differ-
ence was gradually enlarged over time with a 
significant time effect (p<0.0001). The signifi-
cant interaction between time and MMSE 
(p<0.05) indicated that EOAD has lower MMSE 
status compared to LOAD and this difference 
increases with time. In contrast, the difference 
in ADAS-Cog was not significant at baseline 
(EOAD 33.6 vs. LOAD 29.9, p=0.28). Neverthe-
less, the difference was significant at the con-

Table 3A. The distributions of APOE Allele1*Allele2 by 
LOAD vs. EOAD

All LOAD EOAD
Allele1×Allele2 N % N % N %
2×2 2 0.12 2 0.15 0 0.00
2×3 79 4.93 59 4.35 20 8.10
2×4 121 7.55 94 6.94 27 10.93
3×3 537 33.52 451 33.28 86 34.82
3×4 662 41.32 577 42.58 85 34.41
4×4 201 12.55 172 12.69 29 11.74
All 1602 100.00 1355 100.00 247 100.00

cal trial. All statistical analyses were con-
ducted by SAS 9.2.

Results

Of 3,747 AD patients, EOAD accounted 
for 16.4%. Table 1 shows the distribu-
tions of demographics by EOAD and 
LOAD. The proportion of males was simi-
lar in both groups, which accounted for 
approximately 45% of the total ADs. The 
majority of ADs were Whites (over 90%), 
and the proportion of EOAD were from 
other races (native American Indian, Alas-
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clusion of the studies, with a significant interac-
tion between ADAS-Cog and time (p=0.04). 
This finding was consistent with the MMSE data 
and reveals that compared to LOAD, EOAD has 
greater cognitive deterioration with time. The 
trends of MMSE and ADAS-Cog over time are 
illustrated in Figure 1.

Discussion

This study has examined the differences 
between EOAD and LOAD using some clinical 
features, biochemistry data, APOE types and 
cognitive assessment for a large cohort of ADs 
mainly from North America and Europe. 
Although a proportion of the cohort had incom-
plete data, probably due to different design and 
protocol of each trial, this study found that 
EOAD had different neurobiological features 
compared to older AD patients. 

This study did not find significant difference in 
BMI and MAP between EOAD and LOAD. While 
previous studies suggested that lower BMI [8] 
and higher blood pressure [9] were risk factors 
for developing a dementia or AD among the 
older population; the role of BMI and blood 
pressure among EOAD requires further investi-
gation, as some studies suggest there might 
not be a relationship [10].

Significantly increased levels of CRP, creatinine 
and BUN were found among LOAD versus EOAD. 
The CRP is an acute phase reactant produced 
by the liver in response to injury, infection or 
inflammation. Inflammatory mechanisms are 
believed to have a role in cognitive decline and 
AD in the elderly [11, 12]. Our observations 
demonstrate an increase in CRP in LOAD in 
comparison to the younger onset patients, sug-
gesting inflammatory mechanisms might be 
more important in older than younger people 
with AD. However, older patients have an 
increased risk for infection in general, including 
urine and periodontal disease [13]. It is possi-
ble that the increase in CRP might be a conse-
quence of increased infection burden in the 
elderly and not implicated in the pathophysiol-
ogy of AD [14]. Furthermore, some studies sug-
gest the CRP might decrease in AD, after midlife 
elevations [15]. It cannot be discounted that in 
LOAD patients that, in comparison to EOAD, 
inflammatory mechanisms might be more 
important.

Both creatinine and BUN are indicators of renal 
health. Renal impairment is associated with 
vascular ageing and vascular complications as 
a result of accelerated atherosclerosis [16]. 
Patients with chronic renal disease are at 
increased risk of stroke [17]. The significantly 
impaired renal function in the LOAD group in 
our study might just be a consequence of age; 
however, kidney dysfunction might promote 
cerebrovascular pathology and AD in the elder-
ly. Furthermore, patients with end-stage renal 
disease receiving peritoneal dialysis have 
excessive white hyperintensities as a result of 
small vessel ischaemic disease of the brain, 
which might trigger proinflammatory and endo-
thelial reactions resulting in AD [18]; such a 
mechanistic pathway might not be relevant in 
younger patients.

Genetic factors are important in determining a 
person’s risk of developing AD: rare mutations 
in APP and PSN 1 and 2 cause autosomal domi-

Table 3B. Binomial proportion test
 LOAD EOAD
Allele1×Allele2 N % 95% CI p-value N % 95% CI p-value
2×3 59 38.56 0.31 0.47 0.005 20 42.55 0.28 0.58 0.3
2×4 94 61.44 27 57.45
3×3 451 43.87 0.41 0.47 <0.0001 86 50.29 0.43 0.58 0.94
3×4 577 56.13 85 49.71

Table 4. The effect of EOAD (vs. LOAD ) and 
time on cognitive assessments by the mixed 
model (repeated measure with correlation 
type=UN)

p-value
MMSE
    EOAD vs. LOAD <0.05
    Time <0.0001
    EOAD*Time <0.05
ADAS-Cog
    EOAD vs. LOAD 0.28
    Time <0.0001
    EOAD*Time 0.04
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nant familial AD of early onset; polymorphisms 
in genes like APOE represent a major popula-
tion risk factor for the development of both 
EOAD and LOAD [10, 19] - polymorphism in 
other genes confer less of a risk (eg, PICALM, 
CR1, SORLI). Our findings suggest that APOE4 
allele is a more important risk factor for LOAD -  
a variable which interacts with cerebrovascular 
risk factors, proinflammatory mediators, renal 
dysfunction in older but not younger popula-
tions; other environmental and genetic factors 
might be conferring the earlier onset of demen-
tia and more rapid progression in younger 
adults. Interestingly, APOE ε4 carriers have a 
load effect in comparison to non ε4 carriers on 
brain structure, functional activation, brain glu-
cose metabolism and other variables [20]. 
However, these factors might not be operation-
al in younger patients. We did observe that 
APOE ε2 alleles and genotypes might be over-
represented in younger onset patients - a find-
ing which supports earlier observations that 
APOE ε2 allele is associated with increased risk 
and reduced survival in EOAD [21] and does not 
seem to be protective of its development as 
suggested by Corder et al. [22] and Panza et al 
[23]. The absence of the APOE ε4 allele in EOAD 

might determine atypical presentations of 
EOAD including posterior cortical atrophy syn-
drome, linguistic presentations and frontal lobe 
syndromes; the presence of APOE allele possi-
bly determining mesial temporal involvement 
and the typical episodic memory impairment of 
AD [24].

Despite the relatively small sample size, EOAD 
patients showed a more rapid rate of cognitive 
decline using both the ADAS-Cog and MMSE in 
comparison to LOAD. This study allowed access 
to multiple follow-up data and to implement a 
sophisticated statistical method to examine 
the effect of time on cognitive function in EOAD 
and LOAD. Our observations are supported by 
others with larger sample sizes [4, 25, 26]. Our 
findings might relate to observations showing 
that there is more cortical atrophy, hypoperfu-
sion and hypometabolism in EOAD [27, 28]. 
Furthermore, there might be more advanced 
neuritic plaque and neurofibrillary burden in 
EOAD [6, 29, 30] and neurochemical differenc-
es with greater deficits in acetylcholine and 
adrenaline [31, 32].

The findings of this study should be interpreted 
with caution. First, most data was not complete 
for all ADs in the data repository. Nevertheless, 
the C-Path online data repository (CODR) only 
provides a platform for sharing information 
which facilitates AD research: for example, data 
collection for the MMSE may only be collected 
in one but not other trials. CODR may need to 
use more restricted guidelines to include and 
exclude participating studies/trials. In spite of 
this limitation, the sample size on most mea-
sures is considerably larger than other AD stud-
ies and the findings are also consistent with 
others. Another limitation of this study is the 
difficulty in teasing out an age effect. For 
instance, the CRP was found to be higher 
among the older population; nonetheless, it is 
unlikely to reveal if an increased CRP among 
LOAD is due to age alone or relates to true bio-
logical differences between EOAD and LOAD. 
Selecting an age-matched, non AD cohort 
would help clarify this issue.

Conclusion

In conclusion, our investigations suggest that 
CRP, creatinine and BUN were higher among 
LOAD and the proportion of LOAD with APOE ε4 
was greater. The proportion of EOAD with APOE 

Table 5. Cognitive assessments at each visit 
by LOAD vs. EOAD: 9 visits at approximately 
2-monthly intervals over 2 years
MMSE LOAD EOAD

n Mean STD n Mean STD
1st Visit 56 20.9 3.42 7 19.3 3.55
2nd Visit 56 20.9 4.02 7 19.1 3.76
4th Visit 52 21.6 4.22 6 19.8 3.43
5th Visit 49 20.4 4.43 6 17.2 5.08
6th Visit 45 20.2 4.95 6 18.0 4.47
7th Visit 44 20.6 4.83 5 14.4 3.78
8th Visit 40 20.1 5.87 4 14.8 7.41
9th Visit 46 19.4 5.67 4 14.0 3.92
10th Visit 39 19.1 5.85 4 12.0 4.69
ADAS-Cog n Mean STD n Mean STD
1st Visit 56 29.9 11.03 7 33.6 8.58
2nd Visit 56 31.2 10.87 7 31.0 10.35
4th Visit 52 31.2 10.18 6 32.1 11.39
5th Visit 49 30.3 11.59 6 35.0 11.63
6th Visit 45 33.0 13.04 6 36.5 11.11
7th Visit 44 33.5 12.48 5 42.1 11.81
8th Visit 41 34.2 13.92 4 50.8 10.63
9th Visit 46 35.2 14.18 4 49.6 9.41
10th Visit 37 33.1 14.06 4 51.4 13.78
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ε2 allele was greater than that of LOAD, sug-
gesting a possible genetic difference between 
EOAD and LOAD. Further investigations corre-
lating our findings with CSF analysis of Aβ and 
tau, in combination with neuroimaging includ-
ing MRI and amyloid scans, will help to eluci-
date these differences in future studies, when 
this data becomes available on the C-Path 
online repository. Recent studies suggest that 
EOAD is not related to amyloid burden using 
Pittsburgh compound B scans [33]; therefore, 
amyloid mechanisms possibly involving Aβ 
oligomer function, and not deposition, might be 
more important in EOAD [34]. This study also 
support observations that EOAD has a more 
aggressive cognitive deterioration than LOAD. 
This finding implies that patients with EOAD 
require earlier diagnosis and intervention.
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