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Abstract

Aim: The current study sought to determine which types of
cognitive function are related to atrophy of the bilateral
medial temporal areas including the entorhinal cortex
(MTA-ERC) in elderly adults. Methods: The subjects were 96
elderly adults (mean age 75.3 years) with mild cognitive im-
pairment. Subjects underwent Wechsler Memory Scale-Re-
vised, logical memory | and Il (WMS-R, LM I and II), Rey com-
plex figure retention tests after 3 and 30 min (RCF-3 min and
RCF-30 min), digit span backword (DSB), digit symbol-coding
(DSQ), Stroop Color and Word Test-Interference List (SCWT-
IL) as well as magnetic resonance imaging (MRI) and were
divided into elderly adults without or with mild to moderate
MTA-ERC atrophy, and those with severe atrophy. Results: In
all subjects, MTA-ERC atrophy showed significant relation-
ships with age (r = 0.43), education (r = -0.25), WMS-R, LM |
(r=-0.21), DSC (r =-0.32), and SCWT-IL (r = 0.32). The mild to
moderate atrophy group showed significant relationships
between MTA-ERC atrophy and age (r=0.34), DSC (r=-0.28),

and SCWT-IL {r = 0.25). In contrast, in the severe atrophy
group, MTA-ERC atrophy was correlated significantly with
RCF-3 min (r = -0.70) and RCF-30 min {r = -0.74). The linear
regression model included demographic variables and cog-
nitive tests; two variables to survive the step-wise analysis
were age (B = 0.374) and SCWT-IL (B = 0.247) in all subjects.
Age (B = 0.301), and RCF-30 min (B = -0.521) and age ( =
0.460) remained as a significant variable in the mild to mod-
erate atrophy and severe atrophy groups, respectively. Con-
clusion: Executive function tests such as SCWT-IL may be
useful as a screening tool to identify mild to moderate MTA-
ERCatrophy and a decline in the RCF test may suggest severe
MTA-ERC atrophy in elderly adults with MCL.

Copyright © 2012 S. Karger AG, Basel

Introduction

There is increasing evidence for baseline structural
magnetic resonance imaging (MRI) correlates of cogni-
tive impairment in elderly adults exhibiting mild cogni-
tive impairment (MCI) and Alzheimer’s disease (AD) [1-
4]. To date, the most reliable and well-documented find-
ing is an association between impaired memory ability
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and medial temporal lobe atrophy, which is particularly
robust in the hippocampus and entorhinal cortex (ERC)
[5]. Several studies have reported that hippocampal and
ERC atrophy can predict conversion to AD [6-9], as well
as memory decline in MCI and AD [10, 11]. Although
memory deficits constitute the hallmark feature of MCI,
many patients exhibit deficits in other cognitive domains,
such as mild anomia [12, 13], reductions in semantic flu-
ency [14] and executive dysfunction, characterized by im-
paired working memory, inhibition, set-shifting, and
phonemic fluency [15, 16]. The pathological hallmarks of
AD (e.g. neurofibrillary tangles and senile plaques) have
been found in the ERC in the earliest phase of disease,
leading to an overall neuronal loss of 32% compared with
control subjects [17]. An MRI investigation of the ERC
reported a 37% decrease in patients who went on to de-
velop AD, in comparison with control subjects [18]. These
findingsindicate that a strong relationship exists between
in vivo measures of ERC atrophy in the early stages of AD.

The region of interest (ROI) method and more auto-
mated methods suchasvoxel-based morphometry (VBM)
are the most common MR analysis techniques used for
examining brain atrophy. Automated analytical methods
such as VBM enable objective examination of anatomical
group differences in controls, MCI patients, and AD pa-
tients across the whole brain. With this statistical para-
metric mapping technique, researchers are able to evalu-
ate group differences in gray matter, white matter, and
cerebrospinal fluid (CSF) volume with high spatial reso-
lution. Whole-brain VBM has the important advantage
of not requiring a priori assumptions about the size, loca-
tion, or shape of the brain ROI(s). Furthermore, VBM al-
lows the quantification of brain changes that are not eas-
ily revealed by visual inspection, such as atrophy that is
not fully encompassed by sulcal boundaries between
structures.

Recent research has led to the development of a voxel-
based specific regional analysis system for Alzheimer’s
disease (VSRAD), which enables the examination of at-
rophy of the bilateral medial temporal areas including the
entorhinal cortex (MTA-ERC) using VBM [19-21]. The
VSRAD hasbeen shown to achieve high accuracy (87.8%)
in discriminating patients in the very early stages of AD
with MCI from normal control subjects using Z-scores
[21]. Atrophy of the MTA-ERC was indicated by VSRAD
to exhibit a clear functional relationship with blood flow
changes in the hippocampus, thalamus and temporal
lobe, which were suggested to be closely related to inter-
regional anatomical and physiological connections [22].
In cognitive function, Nagata et al. [23] reported that Z-
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scores of the VSRAD was associated with executive func-
tion, although there was no relationship between Z-scores
and memory function which was assessed by the Mini-
Mental State Examination (MMSE) in the amnestic MCI
and early AD patients. These authors suggested that de-
tailed examination such as the Wechsler Memory Scale
was required to reveal the relationship between MTA at-
rophy and memory function. Moreover, it is currently
unclear which aspects of cognitive function including
memory and executive function are related to the atrophy
of the MTA-ERC identified by VSRAD in elderly adults
with MCI.

In the current study, we measured volumetric MRI
and performance in arange of cognitive domains, includ-
ing logical memory, visual memory, working memory,
processing speed, and executive function in elderly adults
with MCI. Overall, we sought to determine which aspects
of cognitive performance were associated with MTA-
ERC atrophy in elderly adults with MCI.

Methods

Subjects

Subjects in this study were recruited from two volunteer data-
bases (n = 1,543), which included elderly individuals (65 years and
over) selected either by random sampling, or when they attended
a medical check-up in Obu, Japan. 528 prospective subjects with
a Clinical Dementia Rating (CDR) of 0.5, or who complained of
memory impairment, were recruited in the first eligibility assess-
ments. 165 subjects responded to the second eligibility assess-
ments, and 125 out of 165 subjects completed the neuropsycho-
logical tests which included language and memory tests, attention
and executive function tests, clinical diagnosis, activities of daily
living (ADL), educational level, and MRI scanning. Out of 125
subjects, 25 were excluded and the remaining 100 subjects met
definition of MCI using Petersen criteria [24]. All MCI subjects
had objective impairments in either episodic memory and/or ex-
ecutive functioning atleast 1.5 standard deviations below the age-
adjusted mean for at least one of the neuropsychological tests.
Final classification of subjects was based on the above factors and
consensus of a team of neuroscientists. Exclusion criteria includ-
ed CDR 0, or 1-3, a history of neurological, psychiatric, and car-
diac disorders or other severe health issues, use of donepezil, im-
pairments in basic ADL, and participation in other research proj-
ects. 96 elderly adults remained after these exclusions (mean age
75.3 £ 6.8 years, range 65-93, men n = 48, 50%), and were in-
cluded in the final analysis. Table 1 shows the characteristics of
the subjects.

The purpose, nature, and potential risks of the experiments
were fully explained to subjects. All subjects gave written, in-
formed consent before participating in the study. The study pro-
tocol was approved by the Ethics Committee of the National Cen-
ter for Geriatrics and Gerontology.
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Table 1. Characteristics of subjects (mean % SD)

Age, years 753%6.8
Male, % 50
Education, years 10.6£2.5
Body mass index 23.0%3.1
Cognitive functions

MMSE, points 265x2.5

WMS-R, LM L, points 144%7.1

WMS-R, LM II, points 10.0+7.4

RCEF-3 min, points 15.5£6.3

RCF-30 min, points 14.9%6.7

DSB, points 52%1.6

DSC, points 46.1x159

SCWT-IL, s 21.1£17.2
Medication, yes, %

Hypertension 44.8

Heart disease 5.2

Diabetes mellitus or hyperlipidemia 20.9

Total number £ SD 23%x21

WMS-R, LM = Wechsler Memory Scale-Revised, Logical
Memory; RCF = Rey complex figure retention test; DSB = digit
span backward; DSC = digit symbol coding; SCWT-IL = Stroop
Color and Word Test-Interference List.

MRI

MRI was performed with a 1.5-T system (Magnetom Avanto;
Siemens, Germany). Three-dimensional volumetric acquisition
with a T-weighted gradient echo sequence was then used to pro-
duce a gapless series of thin sagittal sections using a magnetiza-
tion preparation rapid-acquisition gradient-echo sequence (rep-
etition time 1,700 ms, echo time 4.0 ms, flip angle 15°, acquisition
matrix 256 X 256, 1.3 mm slice thickness).

The MRIimages acquired from the subjects were formatted to
gapless, transaxial images, followed by extraction of the gray mat-
ter images using SPM2. Anatomical standardization was used to
fit each individual brain to the standard template MRIs in the
common coordinate system of the MNIT; MRI template [25, 26].
The segmented gray matter images were then subjected to affine
and non-linear standardization using a template of prior gray
matter.

The anatomically standardized gray matter images were then
smoothed again using an isotropic Gaussian kernel 12 mm in full
width at half maximum, to determine the partial volume effect
and create a spectrum of gray matter intensities. Gray matter in-
tensities were equivalent to the weighted average of gray matter
voxels located in the volume fixed by the smoothing kernel. Re-
gional intensity was considered equivalent to gray matter concen-
tration. We compared the gray matter image of each patient with
the mean and standard deviation (SD) of gray matter images of
healthy volunteers using voxel-by-voxel Z-score analysis. In the
final step, the Z-score was calculated according to the following
equation: (Z-score = ((control mean) - (individual value))/control
SD). The Z-score thus reflected the degree of atrophy in bilateral
MTA-ERC, Higher Z-scores indicated clearer MTA-ERC atrophy.

170 Eur Neurol 2012;67:168-177
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Cognitive Tests

Speech therapists conducted all of the memory tests, and a
speech therapist recalculated all of the results. The Wechsler
Memory Scale-Revised, logical memory I and II (WMS-R, LM I
and IT) [27], Rey complex figure retention tests after 3 and 30 min
(RCF-3 min and RCF-30 min), digit span backward (DSB) and
digit symbol-coding (DSC) subset of the Wechsler Adult Intelli-
gence Scale I11 [28], and Stroop Color and Word Test-Interference
List (SCWT-IL) [29] were included as cognitive tests.

Modified versions of the logical memory subtest from the
WMS-R and RCF were used to assess logical and visual memory
ability, respectively. In the WMS-R, two short stories (story a and
b) were read aloud to the subject, who was instructed to recall de-
tails of the stories immediately (LM I) and after 30 min (LM II)
[27]. We calculated the total score, i.e. sum score of storya and b,
of WMS-R in LM I and LM II In the RCE, subjects were request-
ed to copy the RCF figure (construction ability) and reproduce it
after 3- and 30-min delays. One rater independently scored the
RCF using the system described by Osterrieth and Rey [30] and
translated by Corwin and Bylsma [31]. DSB and DSC were used to
assess working memory and processing speed, respectively. DSB
required subjects to repeat a series of verbally presented digits of
increasing length in backward order. In the DSC, subjects copied
symbols that are paired with numbers. Using the key provided at
the top of the exercise form, the participant drew the symbol un-
der the corresponding number. The score of DSC was the number
of correct symbols drawn within 120 s. In the SCWT-IL as a test
of executive function, subjects were presented with a series of col-
or words. Our test version consisted of two subtasks. The first
subtask showed color words in random order (red, blue, yellow,
green) printed in black ink. The second subtask contains color
words printed in an incongruous ink color, for example, the word
yellow printed in red ink. The subjects were instructed to read the
words and name the ink color of the printed words as quickly and
as accurately as possible in the two subsequent subtasks. The score
was measured as the total time taken to complete the task with 24
words [32]. The time limit to complete a subtask was set at 120 s.
An interference measure was calculated by subtracting the aver-
age time needed to complete the first subtask from the time need-
ed to complete the second subtask.

Analysis

The relationships between atrophy of the MTA-ERC and cog-
nitive measurements were examined with Pearson correlations.
The independent associations between MTA-ERC atrophy and
cognitive ability with each demographic (i.e. sex, age, and edu-
cational level) and diagnosis (aMCI and non-aMCI) variables
were tested using a linear regression model with a step-wise
analysis. To examine differences in MTA-ERC atrophy level,
subjects were divided into the following two groups according
to the Z-score: (1) mild to moderate atrophy group (Z-score:
0-1.99) and (2) severe atrophy group (Z-score: 2.00 and over) in
the MTA-ERC, according to the results of the VSRAD [23]. Pear-
son correlations and the linear regression model with a step-
wise analysis were used to examine the relationships between
MTA-ERC atrophy and cognitive tests in each group. SPSS 18.0
software (SPSS Inc., Chicago, Ill., USA) was used for all data
management and statistical analysis. The statistical threshold
was set ata p < 0.05.

Shimada et al.
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Fig. 1. Relationship between the Z-score of MTA-ERC and age, education, and cognitive test scores. MTA-ERC
atrophy was correlated significantly with age (r = 0.43, p <0.001), educational level (r = ~0.25, p = 0.012), WMS-
R, LM I (r = -0.21, p = 0.040), DSC (r = -0.32, p = 0.002), and SCWT-IL (r = 0.32, p = 0.002).

Table 2. Pearson correlation coefficients between MTA-ERC atrophy and age, educational level, and cognitive measurements

All subjects (n = 96) Mild to moderate Severe atrophy group
atrophy group (n =72) (n=24)

T p value r p value T p value
Age 0.43 <0.001 0.34 0.003 0.71 <0.001
Education -0.25 0.012 0.01 0.921 -0.26 0.224
WMS-R, LM I -0.21 0.040 -0.17 0.155 -0.06 0.774
WMS-R, LM 1T -0.09 0.370 0.03 0.812 -0.22 0.308
RCF-3 min -0.16 0.119 -0.10 0.396 -0.70 <0.001
RCF-30 min -0.13 0.201 -0.11 0.386 -0.74 <0.001
DSB -0.15 0.134 -0.12 0.298 -0.14 0.511
DSC -0.32 0.002 -0.28 0.016 -0.05 0.825
SCWT-IL 0.32 0.002 0.25 0.031 0.18 0.404

For abbreviations, see table 1.
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Table 3. Multivariate regression analysis between MTA-ERC at-
rophy and age, educational level, and cognitive measurements

B tvalue pvalue R?

All subjects

Age 0.374 4.0 <0.001 0.236

SCWT-IL 0.247 2.6 0.01
Mild to moderate atrophy group

Age 0.301 2.6 0.011 0.091
Severe atrophy group

RCEF-30 min -0.521 -3.8 0.001 0.706

Age 0.460 34 0.003

For abbreviations, see table 1.

Results

In all subjects, Z-score showed significant relation-
ships with age (r = 0.43, p < 0.001), education (r = -0.25,
p =0.012), WMS-R, LM (r = —0.21, p = 0.040), DSC (r =
-0.32, p = 0.002), and SCWT-IL (r = 0.32, p = 0.002)
(fig. 1; table 2). There were no significant relationships
between Z-score and WMS-R, LM II, RCE-3 min, RCF-30
min, and DSB (table 2). In linear regression model, two
variables to survive the step-wise analysis were age (B =

172 Eur Neurol 2012;67:168-177
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0.374, p < 0.001) and SCWT-IL (B = 0.247, p < 0.010) (ta-
ble 3).

Of the 96 MCI elderly adults tested, the mild to mod-
erate atrophy and severe atrophy groups included 72
(75%) and 24 (25%) subjects, respectively. In the Pearson
correlation analysis, the mild to moderate atrophy group
showed significant relationships between Z-score and
age (r = 0.34, p = 0.003), DSC (r = -0.28, p = 0.016), and
SCWT-IL (r = 0.25, p = 0.031) (fig. 2; table 2). In con-
trast, Z-scores were correlated significantly with RCF-
3 min (r = -0.70, p < 0.001) and RCF-30 min (r = -0.74,
p < 0.001) in the severe atrophy group (fig. 3; table 2).

A multivariate regression model indicated that age
(B = 0.301, p = 0.011) remained as the only significant
variable in the mild to moderate atrophy group (table 3).
DSC and SCWT-IL did not reach significance in this
group. In the severe atrophy group, two variables to sur-
vive the step-wise analysis were RCF-30 min (8 = -0.521,
p = 0.001) and age (3 = 0.460, p = 0.003) (table 3).

Discussion
It is well established that structures in the medial tem-

poral lobe, particularly the hippocampus and ERC, are
essential for normal memory function [33]. There is evi-

Shimada et al.
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dence that these brain regions are substantially affected
by disease in the early stages of AD [34, 35], in accord with
the finding that memory impairment is the earliest symp-
tom of disease in most AD patients. The ERC is part of a
critical pathway in the neural system underlying memo-
ry. Zola-Morgan et al. [36] reported that this area receives
afferents from widespread association and limbic areas,
projects to the dentate gyrus of the hippocampal forma-
tion, receives afferents from the hippocampus, and sends
afferents back to association neocortex. An epidemiolog-
ical study reported that ERC atrophy was greater than
hippocampal atrophy in patients suffering from MCI
[35]. However, the two measures were found not to differ
in AD, suggesting that the ERC atrophies before the hip-
pocampus in incipient AD [37]. An autopsy study of ear-
ly AD patients reported neurofibrillary tangles in the
ERC before evidence of hippocampal involvement [35].
Thus, volumetric MRI analysis of the MTA included ERC
may be a sensitive predictor to identify AD conversion -
and decline of neuropsychological performances in MCI
elderly adults.

In the current study, 25% of elderly adults with MCI
exhibited severe atrophy in the MTA-ERC. The VSRAD
analysis revealed that Z-scores indicating probable AD
and amnestic MCI patients averaged 1.94 * 1.24 (rang-
ing from 0 to 4.69) [22]. Subjects exhibiting MTA-ERC
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atrophy as well as probable AD were included in the pres-
ent MCI study. Numerous imaging studies have reported
a correlation between increasing age and decreasing
brain volume [38-42]. This decline in brain volume may
be due to a non-linear acceleration in rates of atrophy af-
ter 70 years of age [43]. In the current study, 72 subjects
(75%) were 70 years and over. Thus, the brain volume of
our sample may have been affected by advancing age. In
fact, we found significant relationships between age and
MTA-ERC atrophy in MCI elderly adults. Similar find-
ings were revealed in the relationship between MTA-ERC
atrophy and educational level. Educational level was also
a potential confounding factor of the prevalence and risk
of dementia [44-46]. Educational level is thought to con-
struct cognitive reserve, which modifies the relationship
between brain atrophy and cognitive decline [47].

In the cognitive tests, WMS-R, LM I, DSC, and
SCWT-IL showed significant correlations with MTA-
ERC atrophy in univariate regression analysis. However,
a multivariate regression model that included age and ed-
ucational level revealed that MTA-ERC atrophy, i.e. high
Z-score of VSRAD, was related only to SCWT-IL score in
all subjects. Functional neuroimaging studies during ex-
ecutive tasks suggest that dorsolateral prefrontal cortex is
responsible for maintenance of task demands and prepa-
ratory deployment of attention, and anterior cingulate

Eur Neurol 2012;67:168-177 173



cortex is responsible for monitoring performance in or-
der to detect cognitive and behavioral conditions with
potential negative outcomes, and triggering dorsolateral
prefrontal cortex to increase attention or change behavior
[48-52]. A volumetric MRI study showed that there was
an association between left hemisphere dorsolateral pre-
frontal cortex and anterior cingulate cortex atrophy and
poorer attentional control accuracy. In the right hemi-
sphere, atrophy of the temporal-parietal junction and
ventrolateral and dorsolateral prefrontal cortices were as-
sociated with slower response times during attentional
control on accurate trials [53]. This evidence from neuro-
imaging studies suggests that an executive deficit was
caused by brain disorders in widespread regions that in-
cluded prefrontal cortex, parietal lobe, and cingulate cor-
tex. Neuropathological studies have shown that axonal
pathology is strongly associated with cognitive impair-
ment [54], and MCI patients may have increased white
matter diffusivity in frontal and temporal regions [55].
The disruption of neural networks between the anterior
and posterior cerebral areas, known as disconnection
syndrome, during the initial stage of AD and MCI causes
executive dysfunction, including changes in inhibition
control [56-58]. Atrophy of the MTA is correlated with
the degree of dementia and also with the extent of tem-
poroparietal hypometabolism; both results are assumed
to reflect changes in cerebral connectivity, especially be-
tween the MTA and the neocortex [59-61]. AD patients,
as well as older adults with MCI, have shown selective
disruption of default network intrinsic connectivity, most
prominently in connectivity between the precuneus/pos-
terior cingulate and medial temporal lobe regions [58,
61-64]. In diffusion tensor imaging study, the cingulum
fibers, which connect the posterior cingulate gyrus and
the hippocampus, may be compromised in the early stage
of AD [65]. In recent years, Grambaite et al. [66] reported
that frontal and temporal white matter diffusivity chang-
es in the posterior cingulate region as well as the anterior
cingulate region in MCI patients who had attention and
executive dysfunctions. Reciprocal connections between
the dorsolateral frontal cortex and anterior cingulate cor-
tex [67-70] are part of a frontolimbic network [71, 72]. In
the present study, MCI subjects showed a relationship be-
tween Z-score of the VSRAD and cognitive tests, espe-
cially tests of executive function. This relationship may
be affected by not only MTA-ERC atrophy but also dis-
connectivity among MTA, temporoparietal, anterior cin-
gulate, and prefrontal regions.

In a sub-analysis dividing subjects into two groups,
the mild to moderate atrophy group showed significant

174 Eur Neurol 2012;67:168-177
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relationships between MTA-ERC atrophy and DSC and
SCWT-IL. The multivariate analysis on the mild to mod-
erate atrophy group did not sustain the statement that
DSC and SCWT-IL performances may be a reliable indi-
cator of MTA-ERC atrophy in MCI patients. Increasing
age is related closely with decreasing brain volume [38-
42]. In fact, age remains the only significant variable in-
dicating that its relative weight is too high and deletes the
association between Z-scores and DSC and SCWT-IL ob-
served in univariate models. In contrast, MTA-ERC atro-
phy was related closely to RCF-3 min and RCF-30 min in
the severe atrophy group. In the multivariate regression
model, MTA-ERC was associated independently with vi-
sual memory adjusted for age, educational level, and oth-
er cognitive functions. For the right temporal lobe there
is some evidence that damage specifically in temporome-
sial structures may be the cause of impairments in non-
verbal memory functions. Patients with hippocampal
damage showed preoperatively [73] and postoperatively
[74] impaired visual memory performance, whereas pa-
tients without hippocampal damage exhibited no defi-
ciencies in visual memory. In line with previous operative
studies, our results from MCI elderly adults with severe
atrophy suggest a special involvement of MTA in visual
memory performance. However, the VSRAD system was
developed to measure the total atrophy in the bilateral
parahippocampal gyrus and ERC. Thus, the association
between visual memory and right hippocampal volume
reduction should be investigated in the future.

It should be noted that this study may have been lim-
ited by a restricted sample. In addition, we did not include
an analysis of genetic factors. Because genetic and physi-
cal factors such as apolipoprotein E genotype [75] and
head size [76] may impact on neurodegenerative disor-
ders and brain volume, analyzing genetic factors may ex-
tend the current results. Fitness level may have also acted
as a confounding factor. Many studies have reported that
physical activity can reduce the likelihood of the develop-
ment of cognitive decline over time [77, 78]. Higher levels
of fitness related to increased physical activity have been
associated with enhanced neuronal survival in response
to brain insult [79, 80], increased vascularization [81], and
elevation of growth factors in areas important for mem-
ory [82]. More detailed analysis adjusting for these con-
founding variables will be required to further elucidate
the relationship between MTA-ERC atrophy and memo-
ry function.

Overall, the present findings revealed that MTA-ERC
atrophy was associated with age, educational level, and
executive function, whereas no significant relationship
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was found between MTA-ERC atrophy and memory tests
in elderly subjects with MCI. This included the adults
who had mild to moderate atrophy in MTA-ERC. In con-
trast, there was a significant relationship between MTA-
ERC atrophy and visual memory test scores in elderly
adults with severe MTA-ERC atrophy. These results sug-
gest that executive function tests such as SCWT-IL may
be useful as a screening tool to identify mild to moderate
MTA-ERC atrophy. A decline of visual memory function
suggested severe MTA-ERC atrophy in elderly adults with
MCI. Future research needs to determine the relation-
ships between cognitive functions and brain atrophy ex-
cept MTA-ERC in elderly adults with MCIL

Take Home Message

(1) MTA-ERC atrophy was significantly related to age, ed-
ucational level, and executive function in elderly sub-

(2) The subjects with severe MTA-ERC atrophy showed
significant relationships between MTA-ERC atrophy
and a decline in visual memory score.

(3) Executive function tests such as SCWT-IL may be use-
ful as a screening tool to identify mild to moderate
MTA-ERC atrophy and decline in the RCF test sug-
gests severe MTA-ERC atrophy in elderly adults with
MCI.
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Vitamin D Deficiency in Elderly Women in Nursing Homes:
Investigation with Consideration of Decreased Activation

Function from the Kidneys

Yasubito Terabe, MD," Atsushi Harada, MD, PhD,” Harubiko Tokuda, MD, PhD,* Hiroyasu
Okuizumi, MD, PhD,*V Masahiro Nagaya, MD, PhD,* and Hiroshi Shimokata, MD, PhD¥

OBJECTIVES: To determine the approximate percentage
of women in nursing homes who have vitamin D defi-
ciency and to investigate whether, in assessing vitamin D
status in elderly women, there are problems with measur-
ing only 25 hydroxy-vitamin D3 (25(OH)D3) and whether
decreased vitamin D activation as a result of poor renal
function needs to be considered.

DESIGN: Cross-sectional study.

SETTING: Forty-eight nursing homes in Japan.
PARTICIPANTS: Four hundred three women with a
mean age of 86.5 living in nursing homes who had partici-
pated in a clinical trial for hip protectors and were not
bedridden.

MEASUREMENTS: At the start of the trial, in addition
to general biochemical data, 25(OH)D3, 1,25-dihydroxy-
vitamin Dj (1,25(0OH),D3), intact parathyroid hormone
(intact PTH), calcium (Ca), phosphorus (P), bone alkaline
phosphate (BAP), cross-linked N-telopeptide of type I
collagen (NTx), and osteocalcin were measured in partici-
pants’ blood, and statistical analysis was performed.
RESULTS: 25(OH)D3, which is thought to reflect vitamin
D status in the body, was surveyed and found to have a
mean value of 16.7 ng/mL. 25(OH)D; was less than
16 ng/ml. in 49.1% of all participants. Creatinine
clearance (CCr) was less than 30 mL/min in 20.1% of par-
ticipants. Participants with serum 25(OH)D; less than
16 ng/ml. and CCr less than 30 mL/min had significantly
higher levels of intact PTH and serum NTx. Participants
with a CCr less than 30 mL/min had significantly lower
levels of 1,25(OH),Ds.
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CONCLUSION: Frail elderly adults living in nursing
homes with poor renal function had lower 1,25(0OH),D3
and higher intact PTH levels and were thus thought to
have poorer vitamin D activating capacity. Supplementa-
tion with cholecalciferol may be insufficient in people who
have poor renal function. J Am Geriatr Soc 60:251-255,
2012.

Key words: 25-hydroxy-vitamin Dj; 1,25-dihydroxy-
vitamin D3; nursing homes

he importance of vitamin D for bones has been indi-

cated in previous studies.”* Frail elderly adults with
limited ability to perform activities of daily living (ADL)
who enter a nursing home are at high risk for low vitamin
D as a result of poor nutrition and lack of sunlight. Vita-
min D deficiency is an important risk factor for osteoporo-
sis and fractures from falls in elderly adults.>> When
assessing serum 25 hydroxy-vitamin D3 (25(OH)D3) levels
to define vitamin D deficiency, many reports have adopted
a cutoff of 20 ng/mL.°® It has also been reported that
individuals with hip fracture or those with a history of falls
have low 25(0OH)Ds levels.”'® Secondary hyperparathy-
roidism from poor renal function in elderly adults must
also not be overlooked.™ The group that is probably at the
highest risk of falls and fractures is elderly women living in
nursing homes who are not completely bedridden but have
a mobility level of at least being able to move about in a
wheelchair with assistance. The participants in this study
were such a group of people, who had previously partici-
pated in a fracture prevention trial using hip protectors.?
Vitamin D levels, renal function, and the relationship
between the two were investigated in these women, and the
approximate percentage of these nursing home residents
who needed supplemental vitamin D was considered.

JAGS 60:251-255, 2012
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252 TERABEET AL. FEBRUARY 2012-VOL. 60, NO. 2 JAGS
METHODS 40%
. . 34.2%
Participants were 403 women aged 70 and older (range: 35% r —
70-103) who lived in 48 nursing homes from whom con- 30% - 29.0%
sent was obtained for participation in a fracture prevention ]
trial using hip protectors.** They had a mobility level of at 25% r
least being able to move about in a wheelchair with 20% F
assistance. A history of bilateral hip fracture was a condi- | 149% 13.6%
tion for exclusion. Written informed consent was obtained 15%
from all participants. The FEthics Committee of the 10% k o
. . 6.7%
National Center for Geriatrics and Gerontology approved ,
the study. Blood was collected from participants as the 48 % I——l 1.5%
nursing homes in the southern part of central Japan were 0% ; ' ' : TR S
visited in turn between January 2005 and May 2008. At 12 12416 16~.20 20~.24 24..28 28—

the start of the trial, in addition to general biochemical
data, 25(OH)D;, 1,25-dihydroxy-vitamin Ds; (1,25
(OH),D3), intact parathyroid hormone (PTH), calcium
(Ca), phosphorus (P), bone alkaline phosphate (BAP),
cross-linked N-telopeptide of type I collagen (NTx), and
osteocalcin were measured using participants’ blood,
and statistical analysis was performed. 25(OH)D; was
measured using the radioimmunoassay double antibody
method. Frail elderly adults have little muscle, and even if
creatinine (Cr) is in the normal range, it cannot be con-
cluded that renal function is normal. For a simpler assess-
ment of renal function, we estimated Cr clearance (CCr)
with adjustments for age and body weight using the widely
adopted Cockeroft-Gault formula.*?

Statistical Analyses

SPSS (version 17.0, SPSS, Inc., Chicago, IL) was used in
the statistical analysis. Adjustment was made for age as a
control variable in partial correlation. Two-tailed signifi-
cance probability <.05 was taken to be significant. The
Student #-test was used to test for differences between the
mean values of the two groups, with P < .05 taken to indi-
cate significance. The Bonferroni test was used to compare
the mean values in the groups, using a general linear
model adjusted for age. P < .05 was taken to indicate a
significant difference.

RESULTS

Participants were aged 70 were to 103 (mean 86.5). Mean
25(OH)D3 level, which is an indicator of vitamin D level,
was low (16.7 ng/mL). The mean values for the following
tests were: 1,25(OH),D3, 44.4 = 17.5 pg/mL; intact PTH,
57.4 + 38.7 pg/mL; BAP, 32.4 +13.2 U/L; osteocalcin,
7.8 £ 3.8 ng/ml; and NTx, 17.6 £ 9.7 nmol bone collagen
equivalent/L. The percentile distribution in the 25(OH)D;
distribution is shown in Figure 1. When 25(OH)D; con-
centration of less than 20 ng/ml was taken to indicate
vitamin D deficiency, 78.1% of participants were found to
be vitamin D deficient.

To further investigate 25(OH)Ds, the partial correla-
tion was first examined adjusted for age. There were
significant positive correlations between 25(OH)D; and
1,25(0H),D;  (correlation  coefficient  (r) = 0.149,
P = .003), albumin (r = 0.185, P < .001), total cholesterol
(r=10.165, P =.001), blood urea nitrogen (r=0.116,
P=.02), Ca (r=0.153, P=.002), and P (r=0.100,

58

Serum 25(OH)D; (ng/ml)

Figure 1. Percentile distribution of serum 25 hydroxy-vitamin
D3 (25(0OH)D3) concentrations. 25(OH)Dj level was < 20 ng/
mL in 78.1% and < 16 ng/mL in approximately half.

P = .04). Significant negative correlations were shown with
serum NTx (r= —0.153, P =.002) and intact PTH
(r=-0.178, P <.001). It was then decided to further
investigate intact PTH, which had shown a high correla-
tion. Mean intact PTH levels in the group with a serum 25
(OH)D3 concentration less than 12.0 ng/mL, 12.0 to
15.9 ng/mL, and 16.0 ng/mL or higher were 72.3 pg/mL,
60.4 pg/mL, and 51.1 pg/mL, respectively. Mean intact
PTH level was significantly higher in participants with a
serum 25(OH)D3 concentration less than 12.0 ng/mL
(P <.001) and 12.0 to 15.9 ng/mL (P = .02) than in those
with a concentration of 16.0 ng/mL or higher. Participants
younger than 85 were then compared with those aged 85
and older to determine whether the various data differed
depending on age (Table 1). Significant differences were
seen in 25(OH)D3, 1,25(0OH),;D3, and intact PTH. Because
1,25(0OH),D3, a form of activated vitamin D, also
decreases with age, it was decided to investigate 1,25
(OH),Ds. First, in the age-adjusted partial correlation,
1,25(0H),D; showed the strongest negative correlation
with Cr (r = —0.323, P < .001). This finding suggests that
renal function strongly affects 1,25(OH),D3. The relation-
ship between 1,25(OH),D; concentration and estimated
CCr is shown in Table 2. 1,25(OH),D3 concentration was
significantly lower in participants with CCr less than
30 mL/min. Similarly, intact PTH concentration was sig-
nificantly higher in participants with CCt less than 30 mL/
min, in whom 1,25(OH),D; concentration was signifi-
cantly lower (Table 2). A tendency was seen for 25(OH)
Dj; levels to be higher with lower CCr, and a significant
difference was seen between groups with CCr of less than
30 and 45 mL/min or greater (P < .05, general linear
model Bonferroni test). To improve understanding of how
participants were distributed according to 25(OH)Dj3 con-
centration and CCr value, they were divided into four
groups with 25(0OH)D3 concentrations of less than 16 and
16 ng/mL and greater and CCr of less than 30 and 30 mL/
min and greater. Concentrations of 1,25(OH),D3, intact
PTH, and serum NTx of the groups were then compared
(Table 3). Of 198 participants with 25(OH)D3 concentra-
tions of less than 16 ng/mL, 36 (18.4%) had poor renal
function (CCr < 30 mL/min), and of 205 participants with
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Table 1. Comparison of Mean Data Values According to Age

Characteristic

Normal Range

Mean + Standard Deviation

<85 (n = 139) >85 (n = 264) P-Value

Alanine

0.66 = 0.3 0.72 £ 0.4

11560

Table 2. Comparison of 1,25-Dihydroxy-Vitamin D3
(1,25(OH),D3), Imtact Parathyroid Hormone (PTH),
and 25 Hydroxy-Vitamin D; (25(OH)D;) Concentra-
tions According to Creatinine Clearance (CCr)

Mean (Standard Error)

Table 3. Comparison of 1,25-Dihydroxy-Vitamin D3
(1,25(0OH),D3), Intact Parathyroid Hormone (PTH),
and Cross-Linked N-Telopeptide of Type 1 Collagen
(NTx) Concentrations According to Creatinine Clear-
ance (CCr) and 25 Hydroxy-Vitamin D; (25(OH)Dj)
Concentration

1 ,25(0H)2D35
pg/mL

Intact PTH,
pg/mL

25 Hydroxy-Vitamin

CCr, mL/min D3, ng/mL

* P <.05, general linear model Bonferroni test.

25(OH)D; concentrations of 16 ng/ml. and higher, 45
{22.0%) had poor renal function. These percentages were
approximately the same, but concentrations of intact PTH
and NTx were significantly higher in the group with 25
(OH)D3 of less than 16 ng/mL and CCr of less than
30 mL/min. In addition, in the group with CCr of less
than 30 mL/min, 1,25(OH),D3 concentration was signifi-
cantly lower than in the group with CCr of 30 mL/min
and higher, regardless of 25(OH)D; concentration.

DISCUSSION

Table 4 summarizes the reports on 25(0OH)D; concentra-
tion in elderly cohorts.'*° A comparison of reports in
which participants were living in institutions and reports
in which participants were living independently revealed
lower levels of 25(OH)Dj in residents of institutions, who
are thought to have greater difficulty with activities of
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Mean (Standard Error)

25(0OH)D3, ng/mL

CCr, mL/min <16 >16

153 (07)

pg
NTx, nmolBCE/L 17.1(0.7)

1,25(0OH),D; levels were significantly lower in participants with CCr
lower than 30 mL/min than those with CCr of 30 mL/min and higher.
Mean intact PTH and NTx concentrations in participants with CCr lower
than 30 mL/min and 25(OH)D; of less than 16 ng/mL were significantly
higher than in the other participants.

* P < .05, general linear Bonferroni test.

daily living. Experts have proposed that 25(HO)D; con-
centrations of 20 to 32 ng/mL, or roughly 30 ng/mL, are
the minimum necessary concentration to prevent frac-
tures.”! A recent meta-analysis also reported that concen-
trations of 75 to 100 nmol/L. balanced the benefits and
risks of the health of elderly people.”* Many studies take
PTH to be an indicator of the cutoff value for 25(0H)D;
concentration.®® When PTH is taken as an indicator, a 25
(OH)D3 concentration of 20 ng/mL is taken as the cutoff
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Table 4. Past Reports of 25 Hydroxy-Vitamin D3 (25
(OH)D3) Levels in Elderly Cohorts

25(0H)D;,
Age, ng/mL,
Study Participants n Mean Mean References
Nursing home or ®

housebound

Independent women
(France)

ndependent women
(United States)

in many reports.°® In the participants in this study,
78.1% had 25(OH)D; levels less than 20 ng/mL. Another
study reported that 25(OH)D; of 20 ng/mL and greater is
needed when intact PTH is taken as the indicator and that
28 ng/mlL and greater is needed when bone density in the
femoral neck is taken as the indicator.® From the present
results, the cutoff value for 25(0OH)D; as an indicator of
intact PTH was thought to be 16 ng/mL; 49.1% of partici-
pants had 25(OH)Dj; of less than 16 ng/mL (Figure 1). In
general, people with poor renal function have lower levels
of 1,25(0H);D3, an activated form of vitamin D, as a
result of poor vitamin D activating capacity. Moreover,
secondary hyperparathyroidism from poor renal function
is not unusual in elderly people.® In the present results as
well, there was a strong negative correlation between 1,25
(OH),D3 and CCr (r = —0.323, P < .001), which suggests
that renal function strongly affects 1,25(0OH),Dj3. As
shown in Table 2, intact PTH levels were significantly
higher and 1,25(OH),Dj significantly lower with a CCr of
less than 30 mL/min. From this it can be conjectured that
vitamin D activation in the kidneys may decrease in cases
of secondary hyperparathyroidism from poor renal func-
tion. In addition, as shown in Table 3, the percentage of
people with poor renal function (CCr < 30 mL/min) was
nearly the same in participants with 25(OH)D; levels
greater and less than 16 ng/mL. Women with such vitamin
D activating capacity made up 20.1% of all participants,
although according to guidelines published in the United
States in 2003* for bone metabolism disorders in individ-
uals with chronic kidney disease, if PTH is measured and
found to be high in people undergoing dialysis and those
with chronic renal failure with less than 60% renal
function, it is recommended that serum 25(OH)D; be
measured and vitamin D, be administered if it is less than
30 ng/mL. Considering these guidelines, a greater number
of people would probably be judged to have poor renal
function, although there are limitations to this investiga-
tion. All CCr values were derived through calculation, not
from actual measurements of CCr or glomerular filtration
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rate (GFR). Cystatin C was not measured either. The
Cockeroft-Gault formula was first used to calculate CCr,
but the Modification of Diet in Renal Disease (MDRD)
formula®* was also used to investigate CCr. The correla-
tion between CCr calculated using the Cockeroft-Gault
formula and GFR calculated using the MDRD formula
was high (» = 0.769, P <.001). Moreover, in the group
with GFR of less than 50 mL/min (n = 84, 20.8%), a sig-
nificant difference, similar to that in the results obtained
with the Cockcroft-Gaults formula, was seen. Thus,
although CCr obtained from calculations is not ideal, it
seems to be reliable. In addition, intact PTH level may be
a useful indicator in establishing a cutoff value for 25(OH)
D3 in frail elderly adults such as the present participants.
Moreover, because plainly higher intact PTH levels were
shown in participants with poor vitamin D activation in
the kidneys, intact PTH may have an important role in
considering vitamin D supplementation in frail elderly
adults. Many experts recommend vitamin D supplementa-
tion with cholecalciferol when 25(OH)D3 level drops
below 30 to 32 ng/mL. A recent Institute of Medicine
report® recommends supplementation when 25(OH)Dj; is
less than 20 ng/mL, but it does not specifically address
frail elderly adults. Vitamin D is not activated efficiently
even with cholecalciferol supplementation in frail elderly
adults, such as the present participants, who seem to have
poor activation of vitamin D. Theoretically, therefore, it
would seem that supplementation with a form of activated
vitamin D such as paricalcitol or alfacalcidol may be bene-
ficial in the case of frail elderly adults with poor renal
function.

CONCLUSION

In this study, 25(OH)D3 levels were found to be low in
women living in nursing homes who were at least able to
move about in a wheelchair with assistance. Approxi-
mately 50% to 80% of participants were thought to be
vitamin D deficient, although this depends somewhat on
the cutoff value used for 25(OH)Dj3. In addition, approxi-
mately 20% of all participants were thought to have
decreased vitamin D activating capacity in the kidneys.
Such poor vitamin D activation capacity in the kidneys
was present in a similar 20% of people whose 25(OH)D;
level was above the cutoff level (16 ng/mL). An unexpect-
edly large number of women in nursing homes thus had
poor vitamin D activation secondary to poor renal func-
tion. For vitamin D supplementation, therefore, it may be
necessary to make a comprehensive judgment with mea-
surements of intact PTH and CCr or GFR and 1,25
(OH),D; rather than cholecalciferol supplementation
based simply on 25(OH); level.
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