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Abstract
Persons with amnestic mild cognitive impairment (MCI) have subtle impairments in medical
decision-making capacity (MDC). We examined the relationship between proton magnetic
resonance spectroscopy (MRS) and MDC in MCI. Twenty-nine MCI patients and 42 controls
underwent MRS to obtain ratios of N-acetylaspartate (NAA)/Creatine (Cr), Choline (Cho)/Cr, and
myo-Inositol (mI)/Cr of the posterior cingulate. They also completed the Capacity to Consent to
Treatment Instrument (CCTI), a vignette-based instrument measuring decisional standards of
expressing choice, appreciating consequences of choice, providing rational reasons for choice, and
understanding treatment choices. Patients showed abnormal MRS ratios of mI/Cr and Cho/Cr
compared to controls, and impairments on the CCTI understanding and reasoning Standards.
Performance on the Reasoning Standard of the CCTI was correlated with NAA/Cr (r = 0.46, p <
0.05). The relationship of NAA/Cr with decision-making suggests a role for posterior cortical
neuronal functioning in performance of complex IADLs in MCI.
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INTRODUCTION
Amnestic mild cognitive impairment (MCI) often denotes the transitional phase between
normal cognitive aging and Alzheimer’s disease (AD) (Petersen, Doody et al., 2001). The
original criteria proposed by Petersen and colleagues indicate that patients with MCI have
“generally intact” activities of daily living (Petersen, Stevens et al., 2001), although
investigations of instrumental activities of daily life (IADLs) in MCI have revealed mild
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impairments in informant reported IADLs (Tabert et al., 2002) as well as laboratory assessed
IADLs (Griffith et al., 2003). This current investigation focuses on medical decision-making
capacity (MDC), an IADL critical to independence in older adults with ethical and public
policy implications. Our research group has recently demonstrated that patients with MCI
experience subtle deficits in conceptual Standards used to assess MDC, including
understanding a treatment choice, providing rational reasons for a treatment choice, and
appreciating consequences of treatment choices (Okonkwo et al., 2007). Furthermore, these
MDC deficits in MCI patients are strongly associated with cognitive deficits in memory and
executive function (Okonkwo, Griffith, Belue et al., 2008), suggesting that brain structures
thought to play roles in memory and executive function may also show relationships with
MDC performance.

The knowledge of functional neuroanatomy underlying IADL performance in AD and MCI
is very limited. For instance, it is unclear whether neuropathological changes in certain brain
regions might cause some IADLs, such as MDC, to be particularly vulnerable in MCI
(Okonkwo et al., 2007) and prone to rapid declines in mild AD (Huthwaite et al., 2006) and
MCI (Okonkwo, Griffith, Copeland et al., 2008). One such brain region of interest is the
posterior cingulate gyrus. The posterior cingulate is one of the first regions to show atrophy
in preclinical dementia (Fox et al., 2001), shows metabolic changes early in preclinical
dementia (Godbolt et al., 2006), and is one of the most highly involved regions in amyolid
deposition as measured by the Pittsburgh B compound (Shin, Lee, Kim, Kim, & Cho, 2008).
Posterior cingulate metabolic changes can be observed in patients with MCI (Arnaiz et al.,
2001) and are found to be intermediate between normal metabolic functioning as seen in
healthy older adults and pathological metabolic abnormalities observed in mild AD
(Kantarci et al., 2000). Cortical metabolic measures of the posterior cingulate are associated
with memory (Nestor, Fryer, Smielewski, & Hodges, 2003) and executive function (Griffith,
Hollander et al., 2007) in MCI and have recently been associated with changes in IADLs in
patients with AD (Antuono, Jones, Wang, & Li, 2001; Griffith, Okonkwo et al., 2007).
Thus, investigating the relationship of posterior cingulate metabolism with a measure of a
complex IADL such as MDC appears warranted.

The current study preliminarily explored the relationship between proton magnetic
resonance spectroscopy (MRS) measures of the posterior cingulate gyrus in comparison with
performance on a vignette-based instrument assessing decisional abilities in patients with
amnestic MCI.

METHODS
Participants

Twenty-nine MCI patients participated from those who presented for clinical evaluation to
the UAB Memory Disorders Clinic, a tertiary care outpatient clinic. They were subsequently
recruited into the UAB Alzheimer’s Disease Research Center (ADRC) and an associated
study of functional change in amnestic MCI. The diagnosis of amnestic MCI was made in
the ADRC consensus diagnostic conference using Mayo criteria (Petersen, Stevens et al.,
2001).

Control participants were 42 volunteers recruited from the community into the ADRC
through newspaper advertisements or health fairs. These participants underwent ADRC
neurological evaluation and neuropsychological testing to ensure the absence of medical and
psychiatric conditions that could compromise cognition and characterized as cognitively
normal following ADRC diagnostic consensus conference.
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General exclusion criteria included a diagnosis of exclusively non-amnestic MCI, evidence
of another neurodegenerative disease, history of stroke, another chronic debilitating
neurological illness (i.e., cerebral palsy), severe organ disease, autoimmune disease, cancer
(except skin cancer), alcoholism, or a terminal condition with less than 12 months to live.
Participants were also excluded if they had untreated major depression or any other severe
psychiatric disorder.

All participants gave informed consent according to UAB Institutional Review Board
guidelines.

Capacity to Consent to Treatment Instrument (CCTI)
All participants completed the CCTI, a vignette-based direct assessment measure of MDC
previously shown to be sensitive to changes in patients with MCI (Okonkwo et al., 2007).
The development and psychometric properties of the CCTI are described in prior reports
(Dymek, Atchison, Harrell, & Marson, 2001; Marson, Ingram, Cody, & Harrell, 1995). The
two vignettes of the CCTI present simulated medical decision-making scenarios. The first
vignette (A) examines decisions about treatment for a newly-diagnosed brain neoplasm
whereas the second vignette (B) assesses decisions about treatment of a newly-diagnosed
coronary artery blockage. The CCTI was administered by trained technicians and each
participant’s responses were tape-recorded verbatim and subsequently rated according to
five consent standards: expressing a treatment choice (S1), making a reasonable treatment
choice (S2), appreciating the consequences of a treatment choice (S3), providing rational
reasons for a treatment choice (S4), and understanding the treatment choices (S5). The
reasonable treatment choice Standard (S2) was not analyzed in the current study as this
Standard is simply scored yes or no and only assessed on Vignette A. For the other four
Standards, scores from both vignettes were summed (e.g. S5A + S5B) to yield composite
scores representing each Standard (e.g. S5 total). The CCTI raw scores are presented in
Table 1.

MRS Methods
Single voxel MR spectra were obtained using a Philips Intera 3T MRI system with a
quadrature TR head coil. Spectra were measured with PRESS sequences of 2048 samples
and a spectral bandwidth of 2000 Hz using 128 acquisitions. A TR/TE = 2000/32 ms was
used to maximize the mI signal (Kantarci et al., 2000). An automated higher-order shim
procedure was applied to correct for magnetic field inhomogeneity over the voxel.
Suppression of the water signal followed using a frequency selective inversion recovery
sequence.

Spectra were obtained from a midline voxel of interest of 20 × 20 × 20mm located superior
and posterior to the splenium of the corpus callosum and in the region of the posterior
cingulate gyri, inferior to the cingulate sulci and superior to the parieto-occipital sulci. The
placement of this voxel has been shown to be reliable in prior work (Griffith, Hollander et
al., 2007).

Following MRS data collection, a time domain fitting analysis that utilizes complete prior in
vitro knowledge of all metabolites was performed (Lamb et al., 1996). This procedure
allowed the derivation of metabolic ratios of N-acetylaspartate (NAA), choline-containing
compounds (Cho), and myo-Inositol (mI) in reference to creatine (Cr). Representative
spectra are shown in Figure 1.
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Statistical Analysis
Group-level analyses were performed to compare the amnestic MCI group to the control
group on demographics and mental status scores using independent-samples t tests
(continuous variables) or Chi square (categorical variables). Results of these analyses were
then used to determine whether covariate-adjustment should be applied to the group
comparisons on the CCTI and MRS variables using ANCOVA. Neuropsychological test
scores were compared between the MCI patients and controls using ANCOVA as
appropriate. Relationships of MRS ratios with the CCTI score was determined using Pearson
correlation coefficients in the amnestic MCI patient group only. Secondary analyses using
multiple regression within both the controls and MCI patients examined whether the
relationship of MRS ratio for predicting CCTI scores differed in controls and MCI patients.
Alpha was set at 0.05 (two-tailed) for significance.

RESULTS
Comparison of Amnestic MCI and Control Groups

The patient group was older than the control group, but the groups were similar in terms of
years of education, gender, and race (Table 1). The amnestic MCI patient group performed
worse than the controls on both the Dementia Rating Scale (DRS) and Mini Mental State
Examination (MMSE) scores and had higher Clinical Dementia Rating (CDR) scores (p < .
001). Nearly thirty-eight percent of the amnestic MCI participants were taking a
cholinesterase inhibitor for treatment of memory loss at the time of the study (donepezil = 8,
galantamine = 2, rivastigmine = 1).

Because amnestic MCI patients were older than controls, we adjusted for age while
evaluating group differences on CCTI and MRS variables (Table 1). Patients with amnestic
MCI performed significantly lower than controls on the CCTI Standards of Reasoning
About Treatment (p < .05) and Understanding Treatment (p < .001) but were not
significantly different from controls on the Expressing Choice and Appreciation Standards
(see Table 2 for examples of responses). Comparison of MRS ratios demonstrated that the
amnestic MCI patients had higher posterior cingulate ratios of mI/Cr (p < .01) and Cho/Cr (p
< .05) compared to controls, but no significant differences in NAA/Cr.

Comparison of Controls and Amnestic MCI patients on Neuropsychological Tests
ANCOVAs adjusting for the age difference between the groups showed that the controls
outperformed the amnestic MCI patients on nearly all measures (p values < 0.05) with the
exception of simple visual construction, spontaneous clock drawing, and clock copy (Table
3).

Correlation of CCTI Performance with MRS Ratios
In the amnestic MCI group, the NAA/Cr ratio was positively correlated with Standard 4 (p <
0.05) (Table 4). No other significant correlations were observed between CCTI scores and
MRS ratios.

Regression of group and MRS ratios with CCTI scores
A linear regression model was fitted to determine whether the relationship between NAA/Cr
and Standard 4 differed between the study groups. This model included terms for group (i.e.,
control vs. MCI), NAA/Cr, and group × NAA/Cr. The group × NAA/Cr interaction term
was marginally significant (beta = −.30, SE = .94, t = −1.90, P = .062), indicating that the
association between NAA/Cr and performance on Standard 4 was potentially dissimilar in
control and MCI groups. Follow up simple main effects analyses revealed that whereas this
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association was significant among MCI patients (beta = .38, SE = .66, t = 2.34, P = .021), it
was non-significant among controls (beta = −.05, SE = .67, t = −.33, P = .745). This
suggests that the ability of NAA/Cr to predict Standard 4 scores is not a generalized
phenomenon, but rather specific to MCI patients.

DISCUSSION
This study is one of the first to explore correlations between brain metabolic measures and
complex higher-order decision-making in patients with amnestic MCI. Our preliminary
findings suggest that posterior cortical brain metabolism of NAA/Cr was associated with
verbal reasoning abilities related to medical decision-making in patients with amnestic MCI.
These findings together with other recent preliminary work suggest that posterior cortical
brain metabolism may play an important role in cognitively-mediated daily activities in
patients with amnestic MCI.

The NAA/Cr ratio of the posterior cingulate gyrus was correlated with performance on the
Reasoning Standard of the CCTI. NAA/Cr is thought to represent the integrity of neurons
(Valenzuela & Sachdev, 2001) and is positively correlated with performance on cognitive
measures such as the MMSE in patients with AD (Valenzuela & Sachdev, 2001) and the
DRS in patients with MCI (Kantarci et al., 2002). We observed NAA/Cr ratios to be within
normal limits in our MCI patients (Table 1). While NAA/Cr levels are often abnormal in
patients with AD, relatively normal NAA/Cr levels are usually observed in MCI in
comparison with AD (Kantarci et al., 2000). NAA/Cr in patients with MCI is usually higher
than is observed in AD but may be lower than is observed in controls (Kantarci et al., 2003).
Thus, the positive relationship of NAA/Cr with CCTI performance in MCI patients may
reflect normal metabolic functioning of the posterior cingulate in contributing to a network
involved in cognitively demanding decision-making abilities, as well as potential early
declines in NAA/Cr in MCI patients who are close to transitioning to dementia.

The study’s preliminary findings, in conjunction with those from other research, suggest that
the posterior cingulate gyrus may play a role in performance of cognitively demanding
IADLs in patients with MCI and AD. Our group has previously demonstrated that NAA/Cr
of the posterior cingulate is positively associated with performance on a direct assessment
measure of financial abilities in patients with AD (Griffith, Okonkwo et al., 2007), and
similar findings have been reported with measures of other IADLs (Antuono et al., 2001).
Interestingly, preliminary results from another recent study by our group found that resting
PET glucose metabolism of the posterior cingulate was associated with informant report of
IADLs in AD (Clark, Griffith, & ADNI Study Group, 2008). The posterior cingulate is
known to be interconnected with diverse brain regions involved in higher-order cognition,
such as the frontal midline regions (Braak & Braak, 1993), orbitofrontal and dorsolateral
prefrontal cortices (Baleydier & Mauguiere, 1980; Petrides & Pandya, 1999), and medial
temporal lobes (Baleydier & Mauguiere, 1980). Due to its widespread interconnectivity, the
posterior cingulate is well situated to be potentially involved in memory, executive function,
judgment, and affective/motivational aspects of cognition (Baleydier & Mauguiere, 1980;
Braak & Braak, 1993; Petrides & Pandya, 1999). Given that memory and executive function
are the primary neurocognitive predictors of CCTI performance in MCI (Okonkwo, Griffith,
Belue et al., 2008), the posterior cingulate’s role in memory could also help explain the
association with the CCTI. Further investigation would thus appear warranted.

Interestingly, this study did not find a correlation between mI/Cr and decisional abilities in
amnestic MCI, despite finding that mI/Cr was higher in the MCI patients compared to
controls, in keeping with other reports (Kantarci et al., 2000). The most common
interpretation of increased mI/Cr in MCI is that this represents gliosis or immune responses
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to gliosis (Kantarci et al., 2000; Valenzuela & Sachdev, 2001). However, mI/Cr
abnormalities do not appear to progress over time in MCI (Kantarci et al., 2007) and are not
predictors of conversion to Alzheimer’s disease in MCI patients (Modrego, Fayed, & Pina,
2005). The NAA/Cr ratio has been shown to be sensitive to both progression in MCI and
risk of conversion to AD. Given that declines in decision-making abilities correspond over
time with declines in amnestic MCI and conversion to dementia (Okonkwo, Griffith,
Copeland et al., 2008), the correspondence with NAA/Cr rather than mI/Cr might suggest
that changes in decision-making in MCI would correspond over time with declines in NAA/
Cr. Future studies could also address this hypothesis.

Eleven of the 29 participants in our amnestic MCI patient group were taking a cholinesterase
inhibitor at the time of the study. We analyzed the study results in subgroups of amnestic
MCI participants taking versus not taking cholinesterase inhibitors (data not shown). These
findings suggest that the NAA/Cr ratio is lower in those MCI patients who are taking a
cholinesterase inhibitor versus those not on a cholinesterase inhibitor. While such a finding
seems counter-intuitive at first, we would point out that patients placed on a cholinesterase
inhibitor may be more advanced in their MCI and thus closer to AD (Griffith et al., 2006), as
NAA/Cr reductions are more characteristic of AD than MCI (Kantarci et al. 2000). As there
were no group differences in MCI and controls on NAA/Cr, we believe that the effect of
cholinesterase inhibitor use is unlikely to influence the study conclusions. However, further
study into the long-term effects of cholinesterase inhibitors on brain metabolism would be of
interest.

Possible limiting factors should be acknowledged. Persons with amnestic MCI in this study
are undergoing longitudinal follow-up as part of their participation in the UAB ADRC. As
this is a cross-sectional study, the ultimate clinical and neuropathological status of these
participants is unknown as of yet. Our Center’s observed rates of conversion to AD from
amnestic MCI is consistent with the annualized 15% rate of risk (Griffith et al., 2006),
indicating that a majority of the participants in this study will likely clinically manifest AD
in the future. However, this study’s findings could prove different if conducted in amnestic
MCI patients who all eventually converted to AD. The CCTI is a clinical research
instrument assessing decision-making abilities related to medical care. Although the
instrument reflects medical consent scenarios common in the medical care of older adults,
performance of the MCI patients on the CCTI does not necessarily reflect their actual
consent capacity.

In conclusion, this study represents an initial attempt to link measures of brain metabolism
with indicators of decisional abilities in a memory-disordered patient population. These
findings suggest that NAA/Cr of the posterior cingulate is associated with decisional
abilities in persons with amnestic MCI. Further work should examine the role of other brain
regions in decisional abilities in amnestic MCI to help strengthen the current findings.
However, this study, along with other studies recently reported in the literature, suggests that
the posterior cingulate may play roles as part of a network involved in IADLs.
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Figure 1.
Representative posterior cingulate MRS spectra from control participant (top) and MCI
participant (bottom) scaled to reference to the Creatine (Cr) peak. Metabolite peaks of
interest are labeled (see text for abbreviations).
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Figure 2.
Scatterplot of the relationship of NAA/Cr with CCTI Standard 4 (Reasoning about
treatment) score in the amnestic MCI patients and controls.
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Table 1

Group Comparisons on Demographic, Clinical, MRS, and CCTI Variables

Controls
(n = 42)

Amnestic MCI Pts
(n= 29)

P value

Age - mean (SD) 64.83 (8.34) 70.31 (7.00) .005

Years of Education - mean (SD) 15.00 (2.27) 14.00 (2.84) .105

Gender: Female / Male 31 / 11 19 / 10 .452

Race: White / Black 34 / 8 22 / 7 .606

DRS Total Score (max = 144) - mean (SD) 139.38 (2.94) 131.14 (4.71) .001

MMSE (max = 30) - mean (SD) 29.43 (1.04) 28.00 (1.44) .001

CDR Staging: 0.0 / 0.5 42 / 0 0 / 29 .001

Cholinesterase Inhibitor Use: yes/ no ---- 11 / 18 ----

CCTI Standard 1: Expressing Choice (range: 0–4)* 3.76 (0.48) 3.86 (0.35) .612

CCTI Standard 3: Appreciating Consequences (range: 0–8) * 7.50 (1.11) 6.93 (1.39) .116

CCTI Standard 4: Reasoning about Treatment (range: 0–12) * 10.93 (4.55) 8.14 (4.09) .027

CCTI Standard 5: Understanding Treatment (range: 0–78)* 63.90 (9.12) 46.93 (12.93) .001

NAA/Cr * 1.34 (0.12) 1.31 (0.14) .432

Cho/Cr * 0.64 (0.05) 0.67 (0.06) .035

mI/Cr * 0.90 (0.10) 0.98 (0.11) .006

*
values adjusted for age
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Table 2

Example of responses to the Cardiac Blockage vignette from study participants†

Level of
Performance

Standard 4
Reasons for treatment choice

Standard 5
Disadvantages of treatment option

Good response (control) “I could return to my normal activity and not be confined and
stay at home as much; I wouldn’t have to be on the
medication for the rest of my life; it would remove the
symptoms…To have a more complete life, not to have to
depend on anyone.”
- 9 point response

“You would have to take the medication the
rest of your life and you would not be able to
do the same things you did before and have to
stay at home.”
- 6 point response

Marginal response (MCI) “…it would cure it immediately; wouldn’t have to depend on
the medicine the rest of my life and I would be better off,
able to get around and do things a lot better… Consideration
of the family.”
- 5 point response

“You would eventually get worse, you
wouldn’t be in any pain; you wouldn’t be active
and would deteriorate on down the line.”
-2 point response

Very poor response
(advanced MCI)

“Sometimes the medicine wouldn’t work right; valves might
still close up. It would be better to get it done when you’re
working right than to wait until you’re completely down to
do it…You’d be hurting more with greater risk of stroke or
heart attack; severe pain and tingling in your feet.”
- 0 point response

“Sometimes it would work, sometimes it
wouldn’t. Probably work for a while and then
the blockage would get worse. If you missed a
dosage the valves would close up, might still
need surgery, have a stroke or heart attack.”
- 0 point response

†
Participants are presented a hypothetical scenario where there are two courses of treatment (heart medicine, heart bypass surgery) each with its

own incident risks and benefits. In all of the examples, the participants chose to have heart surgery.
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Table 3

Neuropsychological Test Performance of Study Groups

Controls
(n = 42)

Amnestic MCI Pts
(n= 29)

P value*

DRS Attention 36.26 (1.01) 34.83 (1.83) .001

Spatial Span Total (WMS-III) 14.67 (3.24) 12.55 (2.82) .037

Boston Naming Test (30-item) 27.64 (1.89) 24.28 (4.81) .001

Semantic Word Fluency 59.24 (9.93) 47.10 (6.93) .001

DRS Memory 24.02 (1.00) 20.79 (3.75) .001

Logical Memory I (WMS-R) 26.90 (4.49) 17.00 (7.45) .001

Logical Memory II (WMS-R) 23.55 (4.87) 10.62 (7.29) .001

Visual Reproduction I (WMS-III) 77.57 (12.24) 58.59 (15.79) .001

Visual Reproduction II (WMS-III) 54.48 (18.37) 26.86 (17.38) .001

CVLT-II Total Learning Trials 1–5 47.95 (7.94) 31.69 (7.25) .001

CVLT-II Short Delay Free Recall 9.52 (2.73) 4.31 (2.42) .001

CVLT-II Long Delay Free Recall 10.93 (2.65) 4.62 (2.91) .001

DRS Construction 5.74 (0.7) 5.62 (0.8) .419

CLOX 2 13.52 (1.09) 13.07 (1. 07) .321

DRS Conceptualization 36.55 (2.29) 34.28 (3.55) .012

DRS Initiation/Perseveration 36.71 (0.60) 35.38 (2.13) .002

Trail Making Test A (sec.) 30.48 (9.89) 42.93 (21.26) .007

Trail Making Test B (sec.) 74.19 (19.63) 141.41 (71.04) .001

CLOX 1 11.86 (1.78) 11.10 (2.13) .143

Digit Symbol (WAIS-III) 65.71 (14.65) 44.71 (11.04) .001

*
corrected for age

CLOX = Executive Clock Drawing Test; CVLT-II = California Verbal Learning Test II; DRS = Dementia Rating Scale; WAIS-III = Wechsler
Adult Intelligence Scale III; WMS-III = Wechsler Memory Scale III; WMS-R = Wechsler Memory Scale - Revised
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Table 4

Correlations between MRS Ratios and CCTI Scores in Patients with Amnestic MCI

NAA/Cr Cho/Cr mI/Cr

Standard 1: Expressing Choice −.08 −.03 .04

Standard 3: Appreciating Consequences .06 .13 .08

Standard 4: Reasoning about Treatment .46* .20 −.10

Standard 5: Understanding Treatment .17 .03 −.18

*
P < .05
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