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ABSTRACT
EFFECTS OF FAMILY HISTORY OF ALZHEIMER'S DISEASE ON GLUCOSE
METABOLISM (FDG-PET) AMONG MILD COGNITIVE IMPAIRED PATIENTS: A
LONGITUDINAL STUDY.
By

NERLINE JACQUES

05/19/2017

As life expectancy is increasing, the prevalence of Alzheimer's disease (AD) is expected
to escalate. However, there are still no specific markers to confirm AD diagnosis, nor effective
treatment for AD, nor an established way to slow down the rate of degeneration.

This study aims to first examine the effect of positive AD family history (FH+) on
cerebral metabolic rate of glucose (CMRglc) over a 5-year period among Mild Cognitive
Impaired (MCI) subjects. It also assesses whether there are parent gender effects on CMRglc
when the groups negative family history (FH-) vs paternal family history (FHp) vs maternal
family history (FHm) are compared. Finally, this paper tests whether there is effect modification
with APOE4 allele interaction.

Data are drawn from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) database.
A sample size of 177 subjects with a maximum of 30 observations was used. Wilcoxon rank-sum
test and Chi-square test had been used to test for baseline differences between FH+ and FH-
groups for the continuous and categorical variables respectively. To analyze the effects of FH on
CMRyglc, multivariate generalized linear mixed-effects models were used.

The results showed that, compared to subjects who are FH-, FH+ participants presented
greater CMRglc decline over the 5-year period after controlling for the other covariates. After

adding APOE4 in the model, FH+ subjects showed significantly lower glucose metabolism rate



compared to FH- participants. The sample did not have enough statistical power to detect any
parental FH differences. Heritability from FH status for explaining CMRglc decline in MCI

people is small but statistically significant.
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LIST OF ABBREVIATIONS
ApB: B-amyloid
AD: Alzheimer's disease
ADNI: Alzheimer’s Disease Neuroimaging Initiative
ANCOVA: Analysis of covariance
APOE (g4): Apolipoprotein E E4 Genotype
APOE4+: APOE &4 carriers
APOEA4-: APOE &4 non-carriers
CMRyglc: cerebral metabolic rate for glucose
CSF: cerebrospinal fluid
FDG-PET: PET scans with flurodeoxy glucose
FAD: familial AD
FH: family history
FH+: positive AD family history
FH-: negative AD family history
FHp: paternal family history
FHm: maternal family history
ICC: intra-class correlation
NFT: neurofibrillary tangles
MTL.: temporal lobes
MRI: magnetic resonance imaging
MMSE score: Mini-Mental State Examination score

OLS: Ordinary least squares
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PET: positron emission tomography
PIB: Pittsburgh Compound B

ROI: regions of interest

SPM: Statistical parametric mapping
USA: United States of America

WHO: Word Health Organization
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CHAPTER 3

METHODS AND PROCEDURES

3.1 Data source

Data were drawn from the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
database (adni.loni.usc.edu). The ADNI is a continuing multisite imaging longitudinal study
across the U.S. and Canada currently with three phases: ADNI-1, ADNI-GO and ADNI-2.
Starting on October 2004, the first phase last 5 years with 200 cognitively normal control, 400
MCI, and 200 mild AD subjects. Participants were recruited by using advertisements and clinical
referrals. More information regarding ADNI phase one study is provided in the procedures and
protocol manual (Alzheimer’s Disease Neuroimaging Initiative, 2010).

Figure 1: Regions of interest

(Landau & Jagust, 2009)

This study’s outcome of interest (FDG-PET) is the mean glucose metabolism drawn for

five different brain regions: Left and right Angular Gyrus, Bilateral Posterior Cingular, Left and
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right Inferior Temporal Gyrus. The choice of these regions were based on the literature review as

they demonstrated hypo-metabolism in AD patients (Landau & Jagust, 2009).

3.2 Study design and population

The analyses in this paper refer to ADNI phase-1 with the MCI population only. The
choice of MCI population is justified by the fact that neurodegeneration starts several years
before memory symptoms manifest, and MCI subjects is widely considered as being at higher
risk of developing AD. Consequently, since MCI is recognized as a transitional phase into AD, it
is expected that the MCI group near to the anticipated age at onset will provide a greater number
of subjects in a pre-symptomatic stage of the disease which, in turn, will increases the power of
the study to detect an effect. ADNI classified subjects as Mild Cognitive Impaired if they had
subjective memory complaint, objective evidence of abnormal memory function, Mini-Mental
State Examination (MMSE) score between 24 and 30, and Clinical Dementia Rating of at least
0.5.

Subjects’ exclusion criteria were: important neurologic disease other than AD;
psychiatric disorder; alcohol dependency within the last 2 years; and clinical illnesses that could
impair cognition or protocol compliance. An exhaustive list of inclusion and exclusion criteria is
provided in the procedures and protocol manual (Alzheimer’s Disease Neuroimaging Initiative,
2010).

At the time the data were gathered, February 22" 2017, a sample size of 177 subjects
with a maximum of 30 observations per subject met the study inclusion criteria, establishing a
total of 952 observations. Not all subjects had the same number of follow-ups and only 124
subjects had baseline information available. All missing observations for the independent

variables were excluded in the study. Age and education are measured in years, and FH, APOE4
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and gender are dichotomous variables. These covariates were chosen based on the literature.
Participants included in the study had a MMSE score between 24 and 30, aged between 57 and
90 years old, with education level ranging from 8 to 20 years. 40 % were female and 49 were
APOEA4 carriers. There was a total of 8§ observation time-points: the baseline interview and seven

follow-up measurements (6, 12, 18, 24, 36, 48, and 60 months from baseline).

3.3 Statistical Analyses

For all analyses, significance level is set at 0.05, unless stated otherwise. To test for baseline
difference between FH+ and FH- groups for the continuous independent variables, the Wilcoxon
rank-sum test had been used, because these variables are not normally distributed. To examine if
there is baseline difference between FH+ and FH- groups for the categorical variables, the Chi-
square test was used. Additionally, to analyze the effects of FH on CMRglc, multivariate
generalized linear mixed-effect models were used. This statistical approach will help assess
factors influencing longitudinal glucose metabolism reduction in AD while accounting for
variability in individual initial points. This approach also accounts for both within-subject
variations and between-subject variability. Statistical analyses were carried out using SAS PROC
MIXED (version 9.4). Three sets of mixed effects models were carried out. Model 1 assess if
there are CMRglc differences between FH+ and FH- groups over time. Model 2 tests if APOE4
effects modifies the results. Finally, model 3 examine if the effects of maternal family history on
CMRyglc are different from the effects of paternal family history on CMRglc when the groups
FH- vs FHp vs FHm are compared.

Model specification:
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In the analyses, random intercept with random slope coefficient of Time models are
estimated based on the assumption that subjects have different CMRglc lines with different
starting points and CMRglc change over time. We also assume that the individual background
variables (Age and Gender) may influence CMRglc, but their effects will not change over time.
Only the effects of region and family history will change over time.

Model 1: Effects of FH on CMRglc

The level-one or the within-subject model is described as:

CMRglcijt = o + Py (Time)it + &;5¢

and the level-two or the between-subject model takes the following form:

Poii=Bo + Bregionj(ReGiON)ji+ B4 ge(AGE)i + Brenger (Gender)i+ By (FH)i +
Bagesregionj (AGE*REGIONi + Boender region;(Gender*Region)ii+ yo;

and

Buij = Brime + Brime«regionj (REYION)ji + Brimesrr (FH)i + Brairegion; (FH*Region)ji +y4;
The combined equation is:

CMRglc;jt=Bo*Bregion;(Region)iit Bage(Age)i + Bru(FH)i+ Boenger (Gender)i+
Brime(Time)it + Bage.regionj (AJe*ReGioN)ii + Bender«region(Gender<Region);i +
Brimesregionj (TIMe*Region)jit+ Bry.time(FH*TIME)it + Brp.rimesregionj (FH*Time*Region)ijt

+y1(Time) +yo; + &;j¢

CMRglc; ;; designates the t™ occasion (t= 0, 6, ...60 months) of glucose metabolism
measure for the j" region (j=1, 2, ...5) of the brain for the it" individual (1, 2, ...177). Boi and Bui
are respectively intercept coefficient and slope coefficient of (Time)i. They are both random

regression coefficients suggesting that the initial level and the rate of change of glucose
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metabolism measures will differ by subject. (Time)it is the time measurement occasion and ;¢
refers to the within-subject error coefficient. This error term accounts for variation in each
subject’s repeated measurements over time. &;;, is assumed to follow a Gaussian distribution
with mean zero and variance c°.

In level-two, S, denotes the grand mean initial level of glucose metabolism for
“Cingulum Post Bilateral” region for a 75 years old male with no FH of AD. Brime represents the
average rate of change of glucose metabolism for the subjects with positive family history
adjusting for individual-level covariates. PBregionj represents the fixed effects of region j on
glucose metabolism with “Cingulum Post Bilateral” as reference. Brw is the difference in the
average initial level of glucose metabolism between FH+ group and FH- group. BrHxtime
represents the difference in rate of change of glucose metabolism between FH+ group and FH-
group. PBage and Pcender are respectively fixed-effect of the individual-level predictors Age and
Gender. y,; and y,; account for unknown error of the i individual on the level-1 random
regression coefficients (Boi and Bui). Thus, they represent between-subjects error coefficients
accounting for cross-individual variations in the effects of predictors’ rate-of-change on
CMRglc. It is assumed that y,; and y;; are normally distributed with means zero and variances
0% and o, respectively, and covariance o7, .

Model 2: Controlling for APOE4

CMRglc;t=BotBregionj(Region)iic + Bage (AQe)it + Boender (Gender)i+ Bry (FH)i+ Brime (Time)it
+ Bupora(APOE4)i + Bygesregionj (AGE*REQION)jit + Biendersregionj (GENDer*Region);i +
Brimesregionj (TIMe*Region)jit+ Bapopasrime (APOEA*TIME) it + Bry.time (FH*TimMe)it +
BrusTimexregionj (FH*TIMe*Region)ijt + Bapopasrimesregionj (APOE4*Time*Region)ijt

+y1(Time) +yo; + &t

15



In model 2, the common terms have the same meaning as in model 1, except that baseline
subject additionally possesses APO4- allele. The term B4por4 indicates additional baseline effect
of APOE4+. BuporasTime denotes the difference in rate of change of glucose metabolism
between APOE4+ group and APOE4- group. Baporastimesregion F€Presents the difference in rate
of change of glucose metabolism between APOE4+ group and APOEA4- group by brain region.
Model 3: Effects of FH parenting on CMRglc
CMRglc; ;1 =Bo+Bregionj(ReGION)ji+ Bage(AQE)i + Bry(FH)i+ Beenaer (Gender)i +
Brime(Time)it + Bagesregionj (AYE*ReGiON)ji + Bgender«regionj(Gender*Region);i +
Brimesregionj (TIMe*Region)jit+ Bry.time (FH*TIME)it + Bryrimerregion; (FH*Time*Region)ijt
+y1(Time) +yo; + €;j¢

In model 3, the common terms have the same meaning as in model 1 as well. The only

difference is that the variable FH has three categories: FH-, FHp, and FHm.
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CHAPTER 4

RESULTS

4.1 Subject characteristics

As summarized in table 1, there was not enough evidence to reject the null hypothesis

regarding no differences between the FH+ and FH- in terms of age, gender, education, MMSE

score and percent of APOE4. Thus, it is assumed that demographic and clinical factors do not

differ between FH groups. Patients who had a parent with AD represent 25.8 % of the baseline

sample. Of the participants with parental family history of AD, 65 % were APOE4 carriers.

Among those who had no AD family history, 51 % were APOE4 carriers. For both groups, the

mean MMSE score was approximately 27, the mean years of education was around 16 and the

mean age was roughly 75 years. The percent of females in the group with no FH is slightly

higher than those in the other group, 34 % compared to 28 %.

Table 1: MCI Subjects’ demographic and clinical characteristics at baseline by Family History

status

Characteristics FH+ FH- p-value
n 32 92

Age (mean) 74.96 75.86 0.3943
Female % 0.28 0.34 0.4905
Education (mean) 16.31 15.75 0.4460
MMSE Score (mean) 27 27.25 0.5121
APOE4 % 0.65 0.51 0.1761

It worth noticing that while the baseline sample size is 124, subjects were

allowed to leave and enter the study at any time. Therefore, the total sample size in this analysis
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is 177. Figure Al illustrates the trend! for CMRglc measurement occasions. On the other hand,

figure 2 compares baseline CMRglc with FH status by brain region.

Figure 2: Baseline Cerebral Metabolic of Glucose by brain region and FH status
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Although some differences are modest, overall, subjects with positive FH

showed lower CMRglc at baseline.

4.2 Effect of FH on CMRglc
Since having an age of 0 in the study is meaningless, the variable AGE has been centered

around its mean (75 years). The intra-class correlation (ICC) for this model is 0.728 which

means that 72.8 % of the total deviation is due to between-subject heterogeneity. ICC score also

suggests that individual (level-2) variability is a much more important than random variations

" See appendices.



between measurement occasions (level-1 variability). The global effect of brain region, time,
age, and the interactions age by region, gender by region, and time by FH by region are all
statistically significant. However, gender, FH and the interaction terms time by region and time
by FH are not statistically significant. The estimated average initial glucose metabolism for the
region “Cingulum Post Bilateral” for male subjects aged 75 years old in the FH- group is 1.292
(p <.0001), and it is expected to change on average across occasions at a rate of -0.00265 (p
<.0001). Nonetheless, while decreasing and statistically significant, the main effect of time is
very low. The mixed effects model also showed that as age is increasing, total glucose
metabolism is decreasing (-0.00896, p <.0001) for male with FH-.

Interestingly, the main effect of FH (-0.019, p= 0.4987) shows that baseline glucose
metabolism was slightly lower for FH+ subjects, compared to FH- participants although this
difference is not statistically significant. This result confirms the observations in figure 2.
Intriguingly, the rates of change for FH- subjects are positive for all regions, thus they are
increasing. Still, this observation is statistically significant only for two regions: Angular Right

(p=0.0012) and Temporal Right (p=0.008).

Table 2: Effects of Family History on 5 years Cerebral Metabolic Rate of Glucose

FH+ rate
FH- rate FH- rate Difference FH+ rate difference
Regions FH- rate SE p-value of FH+ rate difference SE p-value
Angular Left 0.001183 0.000618  0.0559 -0.00127 0.000919 0.1692
Angular Right 0.00215  0.000664  0.0012 -0.00252 0.000989 0.0111
Temporal Left 0.000808 0.000676  0.2325 -0.0022 0.001 0.0281
Temporal Right 0.001858 0.000699  0.008 -0.00306 0.001007 0.0025

Cingulum PostBilateral  ref. ref.

Regarding the effects of FH+ on CMRglc, the primary analysis revealed that, after

controlling for the other covariates, FH effects for all brain region on glucose metabolism rate is
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lower for FH+ participants compared to FH- subjects. These findings are all statistically
significant, except for the region Angular Left (p=0.1692). The same models were fitted for each
brain region separately, this approach leaded to the same findings. As a result, the mixed effects
model shows that FH+ subjects present greater CMRglc decline over time compared to FH-

subjects.

4.3 Effect of FH on CMRglc after Adjusting for ApoE4

Mixed effect model results for model 2 are shown in table 3. APOE4+ subjects had
smaller glucose metabolism at baseline compared with APOE4- subjects, however these
differences failed to reach statistical significance (-0.04705, p=0.1263). Moreover, compared to
non-carriers, APOE4 carriers presented smaller CMRglc for all the regions, although statistically
nonsignificant. In short, there was not enough evidence to infer that APOE4 is a significant

predictor of CMRglc either globally or for specific brain region.

Table 3.- Effect of Family History on 5 years Cerebral Metabolic Rate of Glucose, adjusting for
APOE4 allele

Difference  FH+ rate FH+ rate

APOE4+ APOE4+ APOE4+ p- of FH+ difference  difference
Regions rate SE value rate SE p-value
Angular Left -0.00142 0.001195 0.2357 -0.00111 0.001017 0.2767
Angular Right -0.00041 0.001303 0.7508 -0.00296 0.0011 0.0073
Temporal Left -0.00258 0.001352 0.0566 -0.00229 0.00112 0.0414
Temporal Right -0.00117 0.001372 0.3936 -0.00324 0.001121 0.004
Cingulum PostBilateral  ref. ref.

As in the previous model, FH+ subjects showed significantly lower glucose metabolism
rate compared to FH- participants after additional control for APOE4. However, the model

adjusting for APOE4 presented slightly greater decline than the model without APOEA4.
20



Specifically, positive FH is associated with greater CMRglc decline over the 5-year period for all
the region under study, except for “Angular Left” (p=0.2767). The results, after adding APOE4
in the model with its interactions with brain region and time, indicates that heritability from FH

status for describing CMRglc decline in MCI people is likely to be small but significant.

4.4 Effect of Parental Family History on CMRglc

Table 4 displays the results for model 3. Notably, as noticed in the previous models, FH+
status is associated with a lower decline of CMRglc over time compared to FH- status. However,
this result is not statistically significant for any of the brain region when comparing three groups:

FH- with maternal FH with paternal FH.

Table 4: Effects of Parental Family History on 5 years Cerebral Metabolic Rate of Glucose

FHm rate FHm rate FHp rate FHp rate
FHm rate difference difference FHp rate difference  difference
Regions difference SE p-value difference SE p-value
Angular Left -0.00182 0.001378 0.1862 -0.00123 0.001683 0.4644
Angular Right -0.00172 0.001533 0.2615 -0.00247 0.00176 0.1605
Temporal Left -0.00032 0.001491 0.8302 -0.00178 0.002031 0.3802
Temporal Right -0.00241 0.001511 0.1106 -0.00148 0.00204 0.4698
Cingulum PostBilateral  ref. ref.

Contrary to what expected, subjects with paternal FH showed greater CMRglc decline
when compared with FHm and FH- groups (-0.00246 p= 0.1847) although these differences did
not reach statistical significance. Nonetheless, it is worth to remark that this study found no
evidence of differences between parental FH groups. This might stem from a lack of statistical

power in the sample because, while there were 131 subjects who are FH-, there were only 38
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subjects with maternal history and 8 subjects with paternal history in the sample. Thus, this

finding regarding parental FH is not reliable.
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CHAPTER 5

DISCUSSION AND CONCLUSION

5.1 Discussion of Research Questions

The goal of this study was to assess if there is a difference on glucose metabolism rate
from FDG-PET for selected brain regions between FH+ and FH- subjects while controlling for
AD risk factors. This study also examined if there were parent gender effects on CMRglc. As
hypothesized, there were greater and statistically significant CMRglc decline among FH+
participants compared to FH- subjects. This result aligns with prior studies (Angus M. Kennedy
et al., 1995; Mosconi et al., 2006), and implies that neural function of subjects in FH+ group
utilizes glucose at a higher rate than neural function of subjects in FH- group.

Similar to previous finding, gender did not have a significant effect on glucose
metabolism (Adluru et al., 2014). Conversely, hypo-metabolism was associated with age which
is consistent across the literature (Xiong et al., 2011; Adluru et al., 2014). It was assumed that
after adjusting for APOE4, effects of FH on CMRglc would be modified. But, the analyses
showed that effects of FH on CMRglc remain significant and presented slightly greater decline
when controlling for APOEA4.

It was hypothesized that participants with maternal history would show greater CMRglc
decline compared to participants with paternal and those without FH. Strikingly, the results
showed that subjects with paternal history had greater glucose metabolism rate decline than
participants with maternal and FH- although nonsignificant. This finding is not in agreement
with previous reports (Mosconi et al., 2007; Mosconi et al., 2008). This inconsistency may be

due to differences in the type of population considered in the study (healthy subjects, MClI, or
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AD), brain regions included, sample size, period of the study, covariates included, etc. This
might also result from grouping bias since the groups maternal and paternal history were very
small compared to the group of FH-. Nonetheless, it is worth noticing that others have also found

no effect of FH on CMRglc (Lee et al., 2016).

5.2 Study Strengths and Limitations

To our knowledge, no previous studies have considered MCI subjects to investigate the
effects of FH+ on CMRglc over such a long period. Another strength of this study is the use of a
relatively large sample size drawn from a well-established ongoing cohort study (ADNI). Using
the multilevel linear regression model present many advantages also. This approach helps
account for unbalanced data structures; it allows the use of all available observations from each
subject; it has greater statistical power when applied to the same data; and it assess the within-
subject variations and the between-subject variability simultaneously.

However, this study presents also some limitations. Firstly, FH status was ascertained
via subjects’ self-report or their study partners’ report. It is thus possible to have report bias in
the sample due to uncertainty about parental AD history, denial, or unawareness due to early
parental death, etc. Secondly, this study models did not control for partial volume from MRI. It
has been established that AD at risk subjects present significant brain volume loss on MRI
(Jagust, William, 2009). Therefore, it is possible that CMRglc reductions were an effect of brain
shrinkage in the regions under study. Thirdly, the study sample size is limited and lack statistical
power to detect the true differences between maternal history and paternal history and negative

FH. The groups FHm and FHp might be under represented. Finally, using a multilevel modeling
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approach, all subjects with at least one measurement observations were included in the analysis.

Considering participants with at least 2 follow-up visits might have improved the model.

5.3 Implications of Findings

The mechanism explaining the effects of FH status is still not completely established and
diverge depending of AD biomarkers. Subsequently, the contribution of examining the effect of
FH on CMRglc over time is twofold. First, it characterizes the course of glucose metabolism in
the brain at asymptomatic AD stages. Second, it shows that heritability from FH status for
defining CMRglc decline in MCI people is small but statistically significant. These results
extend the findings of previous research and imply that prevention interventions regarding AD
could focus on the pre-symptomatic group ‘“MCI subjects with FH+ aged between 57 and 90

years”. Potentially, these findings could also facilitate drug development for AD at risk people.

5.4 Future research direction

Future research could further explore these results comparing, with the same approach,
the three groups: Normal Cognitive (NC), MCI and AD subjects. Moreover, further analyses on
this topic could test parental versus siblings AD history. Besides, replicating these models while

controlling for partial volume correction would be interesting.

5.5 Conclusion
In summary, this study found that subjects with positive FH presented greater CMRglc
decline over the 5-year period. Thus, positive FH is associated with higher reduction of glucose

metabolism rate. Furthermore, the analyses showed that APOE4 is not a significant predictor of
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CMRyglc. This suggest that, independent of APOE4, heritability from FH status for explaining
CMRglc diminution in MCI people is small but significant. Finally, there was not enough
evidence to detect any parental FH differences. Nevertheless, more research is needed to fully

characterize the mechanism underlying the effect of FH status on AD biomarkers.
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APPENDICES

Figure Al: Observed individual CMRglc over five years
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Figure A2: Observed individual CMRglc and overall estimated trend of CMRglc over five years
by FH status
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Figure A3: Observed individual glucose metabolism levels and the regression of CMRglc over
five years by FH status
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Figure A4: Fitted individual growth CMRglc lines
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The individual growth lines vary differently with individual intercepts and slopes.
Some of the individual growth lines slope upwards, some slope downward and others are nearly

flat.
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Figure A5: Individual and average change trajectory from OLS regression by FH status
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