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Abstract: Objective and objectives: Patients with cognitive disorders such as Alzheimer’s disease (AD)
and mild cognitive impairment (MCI) frequently exhibit depressive symptoms. Depressive symptoms
can be evaluated with various measures and questionnaires. The geriatric depression scale (GDS) is a
scale that can be used to measure symptoms in geriatric age. Many questionnaires sum up symptom
scales. However, core symptoms of depression in these patients and connections between these
symptoms have not been fully explored yet. Thus, the objectives of this study were (1) to determine
core symptoms of two cognitive disorders, Alzheimer’s disease and mild cognitive impairment, and
(2) to investigate the network structure of depressive symptomatology in individuals with cognitive
impairment in comparison with those with Alzheimer’s disease. Materials and Methods: This study
encompassed 5354 patients with cognitive impairments such as Alzheimer’s disease (1 1889) and mild
cognitive impairment (1 = 3464). The geriatric depression scale, a self-administered questionnaire,
was employed to assess depressive symptomatology. Using exploratory graph analysis (EGA), a
network analysis was conducted, and the network structure was evaluated through regularized
partial correlation models. To determine the centrality of depressive symptoms within each cohort,
network parameters such as strength, betweenness, and closeness were examined. Additionally,
to explore differences in the network structure between Alzheimer’s disease and mild cognitive
impairment groups, a network comparison test was performed. Results: In the analysis of centrality
indices, “worthlessness” was identified as the most central symptom in the geriatric depression scale
among patients with Alzheimer’s disease, whereas “emptiness” was found to be the most central
symptom in patients with mild cognitive impairment. Despite these differences in central symptoms,
the comparative analysis showed no statistical difference in the overall network structure between
Alzheimer’s disease and mild cognitive impairment groups. Conclusions: Findings of this study
could contribute to a better understanding of the manifestation of depressive symptoms in patients
with cognitive impairment. These results are expected to aid in identifying and prioritizing core
symptoms in these patients. Further research should be conducted to explore potential interventions
tailored to these core symptoms in patients with Alzheimer’s disease and mild cognitive impairment.
Establishing core symptoms in those groups might have clinical importance in that appropriate
treatment for neuropsychiatric symptoms in patients with cognitive impairment could help preclude

progression to further impairment.
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1. Introduction

Patients with cognitive impairment experience depression in all stages of dementia. It
is known that depressive symptoms could be a prognostic feature of dementia develop-
ment [1,2]. However, patients who are diagnosed with cognitive dysfunction often present
similar symptoms to depression, such as loss of concentration, which might delay the
diagnosis of depression [3,4]. For patients with cognitive impairment, their depressive
symptoms are often misunderstood since symptoms of depression and cognitive impair-
ment can overlap. Depressive symptoms and cognitive symptoms can be underdiagnosed.
In addition, patients with dementia often have comorbidity of depression, different from
patients who have no cognitive dysfunction [5]. One study has reported that 18% of in-
dividuals with cognitive dysfunction receive treatment for depression [6]. This presents
the importance of early detection of depression and managing depressive symptoms in
patients who have cognitive dysfunction.

Previous studies conducted on patients with cognitive impairment have found that
neuropsychiatric symptoms such as depressive symptoms are related to progression to
more severe types of cognitive impairment. Patients with cognitive impairment are accom-
panied by more neuropsychiatric symptoms than those without cognitive impairment. They
are likely to progress to severe dementia. A previous study has also shown that patients
with more neuropsychiatric symptoms are likely to have lower functional status than those
with fewer neuropsychiatric symptoms [7]. This might have clinical importance in that ap-
propriate treatment for neuropsychiatric symptoms in patients with cognitive impairment
could help preclude progression to further cognitive and neuropsychiatric impairment.

Depressive mood is characterized by symptoms such as loss of interest, feeling of
boredom, insomnia, change in appetite, worthlessness, and decreased energy. Many
questionnaires measure depressive symptoms by adding up scales of depressive symptoms
even if depressive symptoms are present in varying degrees [8]. Since psychiatric symptoms
often coincide with many psychiatric disorders rather than specific symptoms of a specific
disorder, it is useful to see symptoms as a network rather than a separate entity. For example,
depressed mood often coincides with insomnia and loss of concentration. Those symptoms
are not only commonly found in depressive disorder but also frequently found in anxiety
disorders. Conventionally, depressive symptoms are scaled by summing up presence of
each symptom, which is an easy method of estimating depressive symptoms. However,
it is difficult to measure the dynamics between symptoms and variability. Symptom-
symptom interaction can be explained by a network, which is useful for finding central
symptoms with strong connections to other symptoms and finding bridging symptoms
that connect one psychiatric disorder to other psychiatric disorders [9,10]. For example,
a previous study on the network structure of anxious and depressive Chinese nursing
students has found that irritability, depressed mood, worry, and trouble relaxing are
central symptoms in the network, while depressed mood, nervousness, and anhedonia are
bridge symptoms in the network. Central symptoms and bridge symptoms are useful for
applying appropriate treatment and alleviating overall levels of anxiousness and depressed
mood [11]. Therefore, network analysis of psychiatric symptoms such as many components
of depressed mood can find dynamic relationships between interwoven symptoms of
depression. Each symptom is noted as a node. Symptoms that are activated together
are connected by edges. However, symptoms that are not activated together are not
connected. If a patient shows a certain symptom, connected symptoms are likely to be
more active than other symptoms. Insomnia is more connected to fatigue than other
symptoms such as guilty feeling in the network analysis. Network analysis is also useful
for identifying central symptoms of depression. Since a person having central symptoms
is highly likely to have other linked symptoms in the network analysis, finding central
symptoms of depression is essential for identifying the core depressive symptoms to target
for possible effective intervention [12]. Additionally, the accuracy of network estimation
and stability of the network structure should be determined to validate the structure. A
bootstrap method could be applied to assess the accuracy and the stability of the network
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structure. A correlation stability coefficient could be used to assess the stability, and a
bootstrapped difference test for edge weights could be used to determine differences in
network connections and centrality estimates by different variables [9]. Analyzing symptom
dynamics of depressive symptoms by network structure, assuming early diagnosis of
depression, could make it easier to manage both depression and cognitive impairment
and treat them with appropriate interventions. Thus, the objectives of the present study
were (1) to determine core symptoms of two cognitive disorders, Alzheimer’s disease
and mild cognitive impairment, and (2) to investigate the network structure of depressive
symptomatology in individuals with cognitive impairment in comparison with those with
Alzheimer’s disease.

2. Methods and Materials
2.1. Study Sample

From 2005 to 2013, a total of 5354 participants were recruited and included in this
research. Participants were outpatients in the clinical Research of Dementia of South Korea
(CREDOS) who visited geriatric psychiatric clinics of university-affiliated hospitals to find
associations between diagnosis of cognitive dysfunction and its risk factors. Clinicians se-
lected patients who were diagnosed with either mild cognitive impairment or Alzheimer’s
disease [8]. The diagnosis Alzheimer’s disease was established according to the National
Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s
disease and Related Disorders Association criteria. The severity of the AD or disease stages
were measured with the Clinical Dementia Rating as 1, 2, 3, meaning mild, moderate,
or severe dementia, respectively. Examination was performed by a board-certified neu-
ropsychologist. Patients were diagnosed as having mild cognitive impairment if they had
subjective memory or other cognitive impairment reported by patients or informants or
evident on neuropsychological tests or decreased function of instrumental activity of daily
living (IADL). Their main caregivers had interviews with neuropsychologist and clinicians.
Exclusion criteria were unstable psychiatric features (e.g., suicide attempts or psychiatric
disorders such as schizophrenia or bipolar disorder), those who were unable to initiate
an interview, and those who had severe illness such as diagnosis with severe medical
conditions including malignancy and neurologic illnesses (e.g., epilepsy, encephalopa-
thy, or encephalitis), and those with substance use disorders. All participants provided
informed consent.

2.2. Depression Measurement

Depression was measured by the geriatric depression scale (GDS). The GDS is self-
administered questionnaire. It has a score of 0 for no depression to 15 for severe depression.
It uses a short form, different from its original 30-item questionnaire. GDS-15 is considered
as effective as GDS-30 in measuring depression in elderly with high sensitivity and speci-
ficity [13,14]. This scale measures affective and cognitive function with responses being
either 0 or 1. For five items (items 1, 5, 7, 11, and 13), a response of “no” indicates the
presence of the depressive symptoms. However, for the other ten items, a response of “yes”
indicates the presence of depressive symptoms. A score of greater than 5 indicates probable
depression, while a score of greater than 10 implies that depression is highly likely [15].

2.3. Statistical Analysis
2.3.1. Network Estimation

A network analysis was conducted using R4.3.2. The network analysis was performed
with the Gaussian Graphical Model (GGM), an undirected network model which shows
highly correlated variables using nodes and edges. Edges connect two nodes, showing their
correlation. Thick edges represent higher correlations. Each node is a variable. Variables
are connected by edges. Networks for each 15 GDS symptoms consisted of edges and
nodes and were constructed using the R-package qgraph [16].
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To prevent any noise and to show only strong relationships, the Graphical Least
Absolute Shrinkage and Selection Operator (glasso) was implemented to shrink small
edges to zero [17]. Strongly connected items of the GDS were identified as coherent
subcommunities within the overall network through exploratory graph analysis (EGA) [18].
The Louvain algorithm is one of the most popular algorithms in determining modularity,
the detection of communities. It applies an algorithm which finds a hierarchically structured
modularity measure. The Louvain algorithm was applied to find optimal communities of
the 15 items of the GDS [19]. The dimensional structure of the network and item stability
within each community were calculated with an additional bootstrapping procedure using
2000 bootstrapped samples [9,20]. The bootstrapping method was applied to assess the
accuracy of the network and assess centrality indices. It also determines whether there is
any network centrality difference between variables.

2.3.2. Network Centrality

Centrality measures the importance of nodes in a network [9]. Centrality of all vari-
ables is presented as strength, closeness, and betweenness centrality. Strength is measured
by adding up all edge weights. Closeness was measured by adding up the shortest path
lengths between nodes. Betweenness was measured by frequency of shortest path connect-
ing nodes [11].

2.3.3. Network Stability

Robustness of centrality was assessed with R-package bootnet. Edge-weight accuracy
was measured by 95% confidence intervals (Cls) from 2000 bootstrapped samples. The
edge weight difference was analyzed to assess difference between the edge weight and
strength. When the network has a stability measurement, it assesses whether the order of
centrality indices is the same after repeating the estimation with fewer nodes [9].

Further analysis was conducted to determine whether there were differences be-
tween central symptoms between patients with mild cognitive impairment and those
with Alzheimer’s disease. Group analysis was conducted by performing a bootstrapped
difference test. Bootstrapping applies a repetition of network estimation [9].

2.3.4. Network Comparison between Groups

A network comparison test was used for comparing the network between mild cogni-
tive impairment and Alzheimer’s disease groups. The Network Comparison Test package
was used to evaluate the network connectivity repeatedly. Differences in connectivity
between the network, structure of the network, and all accumulated edges of the network
were evaluated [21]. The network structure test used resampling permutation to compare
data sets in terms of network structure, edge strength, and global strength [22].

3. Results
3.1. Participant Characteristics

Table 1 shows demographic characteristics of participants. Participants were
72.76 + 8.47 years old in the group of patients diagnosed with Alzheimer’s disease. In the
group of patients with Alzheimer’s disease, 31.29% of participants were male, and 68.71%
were female. Participants were 69.73 + 8.14 years old in the group of patients diagnosed
with mild cognitive impairment. In the group of patients with mild cognitive impairment,
32.04% of participants were male, and 67.96% were female. In the Alzheimer’s disease
group, 11.19% had higher than high school education. In the mild cognitive impairment
group, 12.87% had higher than high school education. It was found that 87.82% in the
Alzheimer’s disease group were employed, while 75.61% in the mild cognitive impair-
ment group were employed. Regarding family history of Alzheimer’s disease, 80.31% had
no family history in the Alzheimer’s disease group, and 81.60% had no family history of
Alzheimer’s disease in the mild cognitive impairment group. Regarding alcohol use, 79.89%
reported no alcohol use in the Alzheimer’s disease group while 76.53% reported no alcohol



Medicina 2024, 60, 687

50f13

use in the mild cognitive impairment group. The numbers of depressive symptoms and
GDS items for Alzheimer’s disease and mild cognitive impairment groups are presented
in Table 2. Numbers of depressive symptoms present in mild cognitive impairment and
Alzheimer’s disease groups were compared by the chi-square test, and the p-value was

corrected by the Bonferroni method.

Table 1. Clinical and demographic characteristics of participants (n = 5353).

Characteristics Mean (SD), n or %
AD (n =1889) MCI (n = 3464)

Age (years) 72.76 (8.47) 69.73 (8.14)
Gender (%)

Male 31.29 32.04

Female 68.71 67.96
Education (%)

High school or below 88.81 87.13

Others 11.19 12.87
Employment status (%)

Unemployed 12.18 24.39

Employed 87.82 75.61
Family history of AD (%)

Yes 19.69 18.40

No 80.31 81.60
Alcohol use status (%)

Former or current 20.11 23.47

Never 79.89 76.53
Severity of AD, N

Mild 1329

Moderate 399

Severe 43

Not defined 118

Abbreviations: SD, standard deviation; MCI, mild cognitive impairment; AD, Alzheimer’s disease.

Table 2. Analysis of item scores of geriatric depression scale (GDS) between MCI and AD groups.

Items

Presence of Depressive Symptoms in GDS N (%)

Bonferroni Corrected

MCI AD p-Value
(n = 3464) (n =1889)
1 Are you bas1callli}jl? es?a’ilsﬁed with your 2329 (67.2) 1234 (65.3) 2 624
2 Have you dropped many of your 2318 (66.9) 1356 (71.8) <0.001
activities and interests?
3 Do you feel that your life is empty? 1505 (43.4) 821 (43.5) 16.000
4 Do you often get bored? 1646 (47.5) 964 (51.0) 0.224
5 Are you in good spirits most of the 1823 (52.6) 1104 (58.4) <0.001
6 Are you jdfra1d that something bad is 1529 (44.1) 702 (37.2) <0.001
going to happen to you?
7 Do you feel happy most of the time? * 2308 (66.6) 1249 (66.1) 11.472
8 Do you often feel helpless? 1047 (30.2) 619 (32.8) 0.896
Do you prefer to stay at home, rather
? than going out and doing things? 1079 31.1) 661 (350) 0.080
Do you feel that you have more
10 problems with memory than most? 2255 (65.1) 1195 (63.3) 3024
1 Do you think it is wonderful to be alive 2451 (70.8) 1239 (65.6) <0.001

now? *
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Table 2. Cont.

Items

Presence of Depressive Symptoms in GDS N (%)

Bonferroni Corrected

MCI AD p-Value
(n = 3464) (n =1889)
1o Doyoufeel Wortr}l‘éis; the way you are 1258 (36.3) 792 (41.9) <0.001
13 Do you feel full of energy? * 1049 (30.3) 717 (38.0) <0.001
14 Do you feel }’Ehat your situation is 1129 (32.6) 775 (41.0) <0.001
opeless?
15 Do you think that most people are better 1014 (29.3) 611 (32.3) 0.320
off than you are?
Total score, average + SD 713 +2.32 7.42 +2.49 <0.001

* Reversed items; Abbreviations: SD, standard deviation; MCI, mild cognitive impairment; AD, Alzheimer’s disease.

3.2. Network Construction for Mild Cognitive Impairment and Alzheimer’s Disease Groups

The intercorrelation or network of geriatric depression symptoms in patients with
mild cognitive impairment was estimated. Results are shown in Figure 1. Geriatric depres-
sion symptoms in patients with Alzheimer’s disease were estimated. Results are shown
in Figure 2. Item communities in mild cognitive impairment and Alzheimer’s disease
groups were detected using the EGA algorithm. They were categorized into four groups.
Group 1 included item 1 “unsatisfied (reversed)”, item 5 “bad spirits(reversed)”, item 7
“unhappy (reversed)”, and item 11 “awful to be alive”. Group 2 included item 2 “dropped
interest”, item 3 “empty”, item 4 “bored”, and item 9 “staying home”. Group 3 included
item 6 “afraid”, item 8 “helpless”, item 12 “worthless”, item 14 “hopeless”, and item 15
“others better off”. Group 4 included items 13 “lack of energy (reversed)” and item 10
“memory problems”.

GROUP 1

1: GDS 1: Statisfied*(Unstatisfied)

5: GDS 5: Good spirits*(Bad spirits)

7: GDS 7: Happy*(Unhappy)

11: GDS 11: Wonderful*(Awful being alive)

GROUP 2

2: GDS 2: Dropped interest
3: GDS 3: Empty

4: GDS 4: Bored

9: GDS 9: Stay home

GROUP 3

6: GDS 6: Afraid

8: GDS 8: Helpless

12: GDS 12: Worthless

14: GDS 14: Hopeless

15: GDS 15: Others better off

GROUP 4
10: GDS 10: Memory problems
© 13: GDS 13: Energy*(Lack of energy)

o

Figure 1. Network of GDS-15 items in patients with mild cognitive impairment (1 = 3464). Each node
is linked with edges, which represent the strength between nodes. * For five items (items 1, 5, 7, 11,
and 13), a response of “no” indicates the presence of the depressive symptoms.
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GROUP 1

1: GDS 1: Statisfied*(Unstatisfied)

5: GDS 5: Good spirits*(Bad spirits)

7- GDS 7: Happy*(Unhappy)

11: GDS 11: Wonderful*(Awful being alive)

GROUP 2

2: GDS 2: Dropped interest
3: GDS 3: Empty

4: GDS 4: Bored

9: GDS 9: Stay home

GROUP 3

6: GDS 6: Afraid

8: GDS 8: Helpless

12: GDS 12: Worthless

14: GDS 14: Hopeless

15: GDS 15: Others better off

GROUP 4
10: GDS 10: Memory problems
13: GDS 13: Energy*(Lack of energy)

o o

Figure 2. Network of GDS-15 items in patients with Alzheimer’s disease (1 = 1889). Each node is
linked with edges, which represent the strength between nodes. * For five items (items 1, 5, 7, 11, and
13), a response of “no” indicates the presence of the depressive symptoms.

3.3. Centrality Indices and Edge Weights of Groups

Centrality indices in mild cognitive impairment and Alzheimer’s disease are displayed
in Figure 3a,b. The most central symptom in mild cognitive impairment was item 3
“empty”, with a strength of 1.024, a betweenness of 26, and a closeness of 0.005. Item 12
“worthless” was the most central symptom in Alzheimer’s disease, with a strength of
1.054, a betweenness of 22, and a closeness of 0.005. Bootstrapping results also showed
corresponding centrality in mild cognitive impairment and Alzheimer’s disease groups
(Figures S1 and S2). Bootstrapped edge-weight difference showed that item 5 “bad spirits”
(reversed) and item 7 “unhappy” (reversed) had the strongest edges in mild cognitive
impairment and Alzheimer’s disease groups (Figures S3 and 54).

The Highest Centrality Item in Mild Cognitive Impairment and Alzheimer’s
Disease Groups

Centrality was analyzed in order to determine whether the centrality was consistent
in both Alzheimer’s disease and mild cognitive impairment groups. Item 3 “empty” and
item 8 “helpless” were the most central items in the group of mild cognitive impairment,
while item 12 “worthless” and item 8 “helpless” were the most central items in the group
of Alzheimer’s disease (Figures S1 and S2).
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Figure 3. (a) Centrality indices of GDS-15 symptom items in patients with mild cognitive impairment.

The x-axis represents standardized z-scores, and the y-axis represents symptom items. (b) Centrality

indices of GDS-15 symptom items in patients with Alzheimer’s disease. The x-axis represents

standardized z-scores, and the y-axis represents symptom items.

3.4. Network Stability in the Group of Mild Cognitive Impairment and Alzheimer’s Disease

We assessed the network stability indices of strength, betweenness, and closeness. For
mild cognitive impairment, we found an excellent level of strength stability, indicating that
95% of the sample could be dropped while retaining a correlation of 0.7 along with the
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network structure invariant compared to the original structure. On the contrary, results
of betweenness and closeness centrality showed an acceptable CS coefficient until 12.8%
and 59.5% of samples were eliminated, respectively, suggesting that the betweenness and
closeness might be less reliable indicators when the sample size is small.

For Alzheimer’s disease, we found excellent levels of strength and closeness stability.
It was found that 95% of the sample could be dropped while retaining a correlation of
0.7 along with the network structure invariant compared to the original structure. On the
contrary, results of betweenness centrality showed an acceptable CS coefficient until 28.3%
of sample was eliminated, suggesting that betweenness might be a less reliable indicator
when the sample size is small. Overlapping 95% Cls of edge weights are described in
Figures S5 and S6. Results showed robustness of the network for mild cognitive impairment
and Alzheimer’s disease groups.

However, the edge between item 5 “bad spirits (reversed)” and item 7 “unhappy
(reversed)” was the strongest edge. The edge between item 3 “empty” and item 4 “bored”
was the second-strongest edge. The third-strongest edge was the edge between item 12
“worthless” and item 14 “hopeless”. The fourth-strongest edge was the edge between item 7
“unhappy (reversed)” and item 11 “awful to be alive” (reversed). The fifth-strongest edge
was the edge between item 1 “unsatisfied (reversed)” and item 7 “unhappy (reversed)”.
This was supported by the edge weight bootstrapped difference (Figures S3 and S4). For
the mild cognitive impairment group, these five edges were significantly stronger than any
other edges. However, these five edges were not statistically different from each other.

3.5. Network Comparison Test between Groups

The network comparison test was used to determine network structures and edge
weights in mild cognitive impairment and Alzheimer’s disease groups. There was no
statistically significant difference in network structure between the two groups (mild
cognitive impairment vs. Alzheimer’s disease: M = 0.067, p = 0.811). Global strength
was also compared between subgroups. There was no statistically significant difference
between mild cognitive impairment and Alzheimer’s disease groups (S = 0.002, p = 0.993).

4. Discussion

In this analysis, the main purpose was to find central symptoms in patients with
cognitive decline, specifically in Alzheimer’s disease and mild cognitive impairment groups
of patients. These two groups were compared to determine their differences. Item 12
“worthless” was the most central depressive symptom of the GDS. It measures depressive
symptoms in old ages for patients with Alzheimer’s disease. For patients with mild
cognitive impairment, item 3 “empty” was the most central symptom. The robustness
of the result was validated through a bootstrapped difference test, which tested edge
weights and centrality indices. The significance of results was determined based on the
confidence interval.

In accordance with a previous longitudinal research study, our study sheds light on
the relationship between depression dimensions and cognitive decline. In the previous
research, these depression dimensions were categorized as dysphoric mood, withdrawal-
apathy—vigor (WAV), anxiety, hopelessness, and subjective memory complaint based on
the GDS, revealing significant insights. Specifically, dimensions like helplessness, worth-
lessness, and hopelessness were core elements of hopelessness. Interestingly, within the
dysphoric mood category, the item “empty” was identified. However, patients with mild
cognitive impairment experiencing “emptiness” did not exhibit significant long-term cog-
nitive decline, in contrast to the “worthlessness” dimension, which showed a faster rate of
cognitive decline [23]. Furthermore, another study involving 2000 individuals found a 37%
increase in the risk of developing Alzheimer’s disease in the elderly who have the dimen-
sion of worthlessness of depressive symptoms [24]. Notably, item 12 “worthless” is not
typically considered a primary symptom in the diagnosis of major depressive disorder. It is
often presented as one of the depressive symptoms. However, our findings emphasize that
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patients with cognitive impairment who also experience feelings of worthlessness are of
clinical significance and should be treated on par with other primary depressive symptoms
within the geriatric depression network. The centrality of “worthlessness” in depressive
symptom scales has been highlighted, surpassing decreased positive effect symptoms like
insomnia, loss of energy, or loss of appetite. Bootstrap estimations demonstrated a strong
correlation between “worthlessness” and self-blame components such as self-blame and
hopelessness [25]. Moreover, previous research has categorized depressive symptoms
in patients with cognitive impairment into two components: cognitive and vegetative
symptoms [26]. Our study aligned with this categorization, as depressive symptoms such
as “worthless” and “empty”, which fell within the cognitive depressive symptom category,
exhibited high centrality within the network.

In this analysis, we grouped item 1 “unsatisfied (reversed)”, item 5 “bad spirits
(reversed)”, item 7 “unhappy (reversed)”, and item 11 “awful being alive (reversed)”
together in the community identification analysis. A previous research study has also
combined these items and found that they share a common component known as “positive
mental status” [8]. Additionally, the Beck Depression Inventory categorizes depression
into two factors: cognitive/affective items (self-dislike, pessimism, worthlessness) and
somatic/vegetative symptoms (decreased energy, appetite, and sleep changes) [27]. These
two-factor systems have been validated in self-reported mood assessments within the
cognitively impaired adult group [26]. In our analysis, item communities were detected by
the EGA algorithm and categorized into four groups. Group 1 included items 1, 5, 7, and 11.
Group 2 included items 2, 3, 4, and 9. Group 3 included items 6, 8, 12, 14, and 15. Group 4
included items 13 and 10. We similarly grouped items 1, 5, 7, and 11 together as a “positive
mental status” group. Additionally, we identified three other distinct groups based on
highly correlated components: items 2, 3, 4, and 9 as a “lower energy level” group; items 6,
8,12,14, and 15 as a “cognitive/non-vegetative components” group; and items 10 and 13 as
a “decreased concentration” group. This categorization by highly correlated components
enhanced the reliability and applicability of investigating depressive symptoms in patients
with cognitive impairment.

In our analysis, items 7 “unhappy (reversed), 12 “worthless”, 8 “helpless”, 4 “bored”,
3 “empty”, and 5 “bad spirit (reversed)” showed centrality with statistically significant
strength compared with the degree of other symptoms in our entire sample, with item
7 showing the strongest centrality (Figures S1 and S2). In other studies of GDS network
analysis to determine central symptoms in depressive older adults, similar results were
obtained, with items “hopeless” “unhappy (reversed)”, “worthless”, “emptiness”, “bad
spirits (reversed)”, “bored”, and “helpless” identified to have higher strength, which
represented central symptoms in geriatric depression [14], while item “helpless” was the
only item that did not match with results of our study. “Helpless” was not identified to
have a higher strength in our research. Since most symptoms were identified in a similar
manner, this might imply the universality of centrality of depressive symptoms.

In mild cognitive impairment and Alzheimer’s disease groups of patients, item 5 “bad
spirits (reversed)” and item 7 “unhappy (reversed)” were connected the most strongly.
These closely linked symptoms suggest a potential interplay in the manifestation of depres-
sive symptoms in individuals with cognitive impairment. Furthermore, results from NCT
revealed no significant difference in network structure or global strength between mild
cognitive impairment and Alzheimer’s disease groups. This notable finding suggests that
depressive symptoms in individuals experiencing cognitive impairment exhibit similar
network patterns and connectivity regardless of whether the patients have mild cognitive
impairment or Alzheimer’s disease.

This study has several limitations. First, since it was a cross-sectional study, it was
hard to detect the causal relationship between depressive symptoms and cognitive dys-
function. Also, the GDS had a relatively low sensitivity, which indicated a high rate of
false negatives. GDS-30 is known to have higher sensitivity. However, the variability of
depressive symptoms in the geriatric population is not well indicated in the GDS form in
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part because it is a self-reporting survey [28,29]. Despite these limitations, our study had a
large number of samples with great generalizability.

5. Conclusions

Our study enhanced our comprehension of how depressive symptoms could manifest
in individuals with cognitive impairment. Since core symptoms of depression in these
patients and the connections between these symptoms have not been fully explored yet,
findings of this study are anticipated to assist in the identification and prioritization of
core depressive symptoms for patients with cognitive disorders. Cognitive disorders were
divided into mild cognitive impairment and Alzheimer’s disease groups in the present
study with core symptoms of “empty” and “worthlessness”, respectively. The network
structure was evaluated through regularized partial correlation models. To determine the
centrality of depressive symptoms within each cohort, network parameters such as strength,
betweenness, and closeness were examined. The network comparison test revealed that
the network was presented in a similar structure regardless of whether a patient had
mild cognitive impairment or Alzheimer’s disease. Finding and treating core symptoms
could alleviate overall symptoms of depression in patients with cognitive impairment.
To build upon this knowledge, future research should be conducted to develop targeted
interventions tailored to addressing these core symptoms in patients with Alzheimer’s
disease and mild cognitive impairment.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390 /medicina60050687 /s1, Figure S1. Bootstrapped difference tests
between nodes in the network of GDS-15 symptom items among patients with mild cognitive
impairment. Figure S2. Bootstrapped difference tests between nodes in the network of GDS-15
symptom items among patients with Alzheimer’s dementia. Figure S3. Bootstrapped difference
tests between edge-weights in the network of GDS-15 symptom items among patients with mild
cognitive impairment. Figure S4. Bootstrapped difference tests between edge-weights in the network
of GDS-15 symptom items among patients with Alzheimer’s dementia. Figure S5. Bootstrapped
confidence intervals of all edge-weights in the network of GDS-15 symptom items among patients
with mild cognitive impairment. Figure S6. Bootstrapped confidence intervals of all edge-weights in
the network of GDS-15 symptom items among patients with Alzheimer’s dementia.
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