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Depression is a common comorbidity in dementia, with prevalence ranging from 20 to 60% across
different countries. This study examined whether depressive symptom severity levels differ by
dementia characteristics and country of residence in people living with dementia. This cross-sectional
analysis used baseline data from 376 participants in the HOMESIDE trial. Linear regression models
examined differences in depressive symptom severity levels by dementia stage, type, severity, and
country. In this sample (57% male, mean age 76.6 years), depressive symptom scores were higher
for people with severe cognitive impairment than those with mild dementia (MMSE 24-30) (adjusted
mean difference: 3.78, 95% Cl 1.60-5.96). Mean depressive symptom severity was lower in Norway,
Germany, and United Kingdom compared to Australia, with no significant difference for Poland. No
apparent differences by dementia type or stage were found. Depressive symptom severity levels
differed by cognitive impairment severity and country. Cross-national differences likely reflect a
complex interplay of healthcare systems, cultural factors, family support structures, and societal
approaches to dementia care. Regular depressive symptom screening is recommended, particularly for
severe dementia.

Trial registration: ACTRN12618001799246 (Australian New Zealand Clinical Trials Registry) and
NCT03907748 (ClinicalTrials.gov).
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Dementia is characterized by marked impairment in two or more cognitive domains relative to that expected given
the individual’s age and general premorbid level of cognitive functioning, which represents a decline from the
individual’s previous level of functioning'. The common types of dementia include Alzheimer’s disease, vascular
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dementia, dementia with Lewy bodies, Parkinson’s dementia, frontotemporal dementia, and mixed dementia.
Memory impairment is present in most forms of dementia, along with impairments in executive functions,
attention, language, social cognition and judgment, psychomotor speed, and visuoperceptual or visuospatial
abilities. The current clinical picture of dementia includes clinically significant behavioral, psychological, and
mood disturbances, such as depressed, elevated, or irritable mood!.

Depressive symptoms are a common comorbidity in adults with dementia, with 30-50% of dementia cases
accompanied by depressive symptoms®. Clinically, depressive symptoms and dementia are distinct but share
some symptoms, such as mood symptoms, decreased social and occupational functioning, attention deficit,
and impaired working memory. According to available research, late-life depressive symptoms are consistently
associated with a two-fold increased risk of dementia® and have been associated with an increased risk for
dementia and Alzheimer’s disease’. Dementia and depressive symptoms also share biological mechanisms,
including vascular disease, atrophy of the hippocampus, larger deposits of p-amyloid plaques, and inflammatory
alterations®. Cross-national comparisons have found marked differences in depression prevalence across
countries, with rates varying between 20 and 60%°. This variation can be attributed to differences in healthcare
systems, diagnostic methods, and cultural factors influencing symptom recognition. Countries with better
healthcare funding and more developed early detection and treatment systems show better outcomes in
managing both dementia and associated depressive symptoms’.

The Scandinavian model of care demonstrates particularly good outcomes through comprehensive support
systems. Early recognition and treatment of depressive symptoms in dementia patients can delay cognitive
decline, reduce symptom severity, and improve quality of life®. These outcomes are more commonly achieved
in countries with better access to early diagnostics, therapeutic options, and social support systems. Individual
socioeconomic status significantly influences depressive symptom outcomes across European countries, with
socioeconomic factors at the personal level playing important roles in mental health outcomes’.

Our aim was to examine whether the average level of depressive symptom severity in people living with
dementia differs by dementia stage, type, severity, and country of residence. We report the findings from a cross-
sectional analysis of baseline data from the HOMESIDE study; an international, pragmatic, three-arm, parallel-
group, randomized controlled trial.

Methods

Study design and setting

The HOMESIDE (HOME-based caregiver-delivered music intervention for people living with dementia) trial
was conducted as an international randomized controlled trial, registered at the Australian New Zealand Clinical
Trials Registry (ACTRN12618001799246-05/11/2018) and ClinicalTrials.gov (NCT03907748-09/04/2019). In
brief, community-dwelling people with dementia and their cohabitating caregiver (dyads) in Australia, United
Kingdom, Norway, Poland and Germany were randomised to one of the three arms: music, reading or usual
care alone and assessed at baseline, 90-days and 180-days post-randomisation. Between 27th November 2019
and 7th July 2022, 805 dyads were screened for eligibility, with 432 randomised into the study’. Participants
with complete data on the key analysis variables (n=376) were analysed in the current study. For the present
study, baseline data from this trial were leveraged to conduct a cross-sectional secondary analysis examining
differences in depressive symptom severity by type, stage and severity of dementia, as well as country.

The original HOMESIDE trial was designed to examine the effects of caregiver-delivered music and reading
interventions on behavioral and psychological symptoms of dementia (BPSD), with primary outcomes being
caregiver quality of life and wellbeing, and secondary outcomes including healthcare cost reduction. The trial
was powered to detect differences in caregiver outcomes rather than the depressive symptom patterns examined
in this secondary analysis.

Recruitment procedures were standardized across all participating countries using identical inclusion and
exclusion criteria, assessment protocols, and data collection procedures. All sites recruited community-dwelling
dyads through similar channels including memory clinics, general practitioners, community organizations,
and social media groups for family caregivers. While recruitment protocols were standardized, the actual
recruitment strategies varied by country based on local healthcare systems and available resources'!. The study
was conducted in urban and suburban settings across all countries, with no specific rural recruitment sites'®!!.

Study aims

The aims of this study were to examine whether average depressive symptom severity level of people living with
dementia differs by stage of dementia (early or late onset), type of dementia (Alzheimer’s disease and related
dementias, vascular and mixed dementias, or other types of dementia), severity of dementia (mild dementia
[MMSE 24-30], mild-moderate dementia [MMSE 19-23], moderate dementia [MMSE 10-18], or severe
dementia [MMSE < 10]), and country of residence.

Data collection
Study data were collected and managed using REDCap—Research Electronic Data Capture tools hosted at The
University of Melbourne. Baseline HOMESIDE data were used in this analysis.

Outcome variable

The level of depressive symptom severity of people living with dementia was captured by asking the caregiver
to rate the person with dementia’s severity of depressive symptoms using the Montgomery— Asberg Depression
Rating Scale (MADRS). The MADRS is a 10-item measure, with each item’s score ranging from 0 (no symptoms)
to 6 (severe symptoms). Total scores range from 0 to 60, with higher scores indicating more severe depressive
symptoms. If two or fewer items had missing responses in the MADRS questionnaire, each missing response was
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replaced by the mean of the participant’s responses. If more than two items had missing responses, a score was
not calculated and was treated as missing data!?. The MADRS is a screening tool for depressive symptoms rather
than a diagnostic instrument for clinical depression. Elevated MADRS scores indicate the presence and severity
of depressive symptoms but do not constitute clinical depression diagnoses.

Exposure variables

Four key exposure variables were examined in this study. Information about all exposure variables was collected
through structured interviews with caregivers and verified with available medical records where possible. Stage
of dementia was defined as ‘early onset’ if symptoms appeared before age 65 years or ‘late onset’ if symptoms
appeared at age 65 years or later, based on caregiver reports of symptom onset. Type of dementia was categorized
into three groups: Alzheimer’s disease and related dementias (including Alzheimer’s disease, frontotemporal
dementia, and Lewy body disease), vascular and mixed dementias (including vascular dementia and mixed
dementia), and other dementia types (including other or unknown types), as reported in participants’ medical
diagnoses and confirmed by caregivers.

Severity of dementia was assessed by trained research staff using the Mini-Mental State Examination
(MMSE), a 30-point questionnaire administered directly to participants with dementia. Based on MMSE scores,
participants were categorized into four groups: mild dementia (scores 24-30], mild-moderate dementia (scores
19-23), moderate dementia (scores 10-18) and severe dementia (scores<10). Some participants lacked an
MMSE score at baseline due to inability to complete the assessment. In these cases, participants were either
clinically categorized as having severe impairment based on assessments by the participant’s treating clinician
(as documented in medical records) or classified as not assessable when no clinical judgment was available. This
classification approach was determined a priori by the research team and allowed a substantial proportion of
those with missing MMSE scores to be included in the analysis'®.

Country of residence included the five countries from which HOMESIDE participating dyads were recruited:
Australia, United Kingdom, Norway, Poland, and Germany.

Other covariates

Baseline data on age (years; continuous), sex (male/female), marital status (married/de facto, single, divorced,
separated or widowed), highest level of education (low [up to high school]/medium [trade, community or
TAFE (Technical and Further Education)]/high [university degree]), last occupation (management positions/
professionals/working class), main source of income (own income or savings/pension/government benefits/
family help/other) and length of time having dementia (years) were all collected for the participants with
dementia.

Sample size

The HOMESIDE trial was powered to demonstrate a superior effect of music intervention compared to usual
care!?. The sample size for this secondary exploratory analysis was determined by the number of participants
with dementia who had complete data on the key analysis variables (stage of dementia, type of dementia, severity
of dementia, country of residence, MADRS score and potential confounders) at baseline.

Statistical analysis

Data were summarized using descriptive statistics (e.g., mean and standard deviation [SD] or median and
25th-75th percentile for continuous variables, number and percentage for categorical variables). Baseline
characteristics were compared between those included in the analysis (i.e., the complete case sample) and those
omitted due to missing data for one or more analysis variables. Separate linear regression models were fitted
to examine differences in average level of depressive symptom severity of the person with dementia (outcome)
by each of four exposure groups: (i) stage of dementia, (ii) type of dementia, (iii) severity of dementia, and (iv)
country of residence. Models were fitted with and without adjustment for confounders and prognostic variables.
To select the confounders for inclusion in the adjusted models from the list of other covariates, we developed
directed acyclic graphs (DAGs) informed by expert knowledge (AAB, EJ and FB) and existing literature in the
field (see Appendix A). In addition, the adjusted model included prognostic variables of the outcome (caregiver’s
depression, marital status of the person with dementia, length of time with dementia). As this is an exploratory
analysis, no multiplicity adjustment was undertaken. Results are presented as estimates and 95% confidence
intervals to enable assessment of the strength of relationships, rather than with a focus on statistical significance.

All statistical analysis was undertaken using Stata version 16.1.

Results
Among 432 randomized participants in the HOMESIDE study, 376 (87%) had complete data on the key analytical
variables and were considered in the analysis presented.

Comparisons between the omitted participant sample and complete case sample showed that in general,
characteristics of the two samples were roughly comparable. However, in the omitted sample a higher percentage
were female (61% vs. 43%) and mean depressive symptom severity of the person with dementia was higher (19.7
[SD=8.6] vs. 16.1 [SD=7.6]) (see Appendix C for detailed comparison).

Descriptive characteristics for the 376 participants used in the analysis are provided in Table 1. Participants
were recruited from the United Kingdom (103/376, 27%), Australia (90/376, 24%), Germany (90/376, 24%),
Norway (53/376, 14%) and Poland (40/376, 11%). A majority had late onset dementia (309/376, 82%), Alzheimer’s
disease and related dementia diagnosis (229/376, 61%) and moderate or severe dementia (216/376, 57%). The
mean depressive symptom score of the participant with dementia was 16.1 (SD =7.6), ranging from 2 to 41.
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Total
N=376
Age? (years), mean (SD), range 76.6 (8.4), 52-94
Sex, n (%)
Male 215 (57%)
Female 161 (43%)
Country of residence, n (%)
Australia 90 (24%)
United Kingdom 103 (27%)
Germany 90 (24%)
Norway 53 (14%)
Poland 40 (11%)
Marital status, n (%)
Married or De Facto 285 (76%)
Single, Divorced, Separated or Widowed 91 (24%)
Dementia diagnosisb, n (%)
Alzheimer’s disease and related dementias 229 (61%)
Vascular and mixed dementias 76 (20%)
Other dementia types 71 (19%)
Severity of dementia®, n (%)
Mild dementia 73 (19%)
Mild-moderate dementia 87 (23%)
Moderate dementia 103 (27%)
Severe dementia 113 (30%)
Time of onset dementia, n (%)
Early (<65 years old) 67 (18%)
Late (=65 years old) 309 (82%)
Highest level of education?, n (%)
Low 131 (35%)
Medium 93 (25%)
High 152 (40%)
Last job occupation®, n (%)
Management positions 47 (12%)
Professionals 183 (49%)
Working class 146 (39%)
Length of time having dementia (years), median (25-75 percentile) | 3.0 (2.0-5.0)
Depression of caregiver (PHQ-9), median (25-75 percentile) 4.0 (2.0-7.0)
MADRS score, mean (SD) 16.1 (7.6)

Table 1. Baseline characteristics of people living with dementia in the HOMESIDE study with complete data
on key analytical characteristics. SD, Standard deviation; PHQ-9, Patient Health Questionnaire; MADRS,
Montgomery-Asberg Depression Rating Scale. Baseline characteristics obtained at the enrolment visit between
32 days before to just prior to allocation are considered as baseline values. 2Age range represents estimated
minimum and maximum values based on statistical distribution (mean +2SD adjusted for clinical plausibility).
bAlzheimer’s disease and related dementias includes Alzheimer’s disease, Frontotemporal dementia, Lewy
body disease; Vascular and mixed dementias includes Vascular dementia, Mixed dementia; Other dementia
types includes other or unknown. “Mild dementia is Mini Mental State Examination (MMSE): 24-30; Mild-
moderate dementia is MMSE: 19-23; Moderate dementia is MMSE: 10-18; Severe dementia is MMSE: < 10 or
able to be clinically categorized as severe when MMSE missing. “Low includes no formal, primary, secondary
or high school; Medium includes trade, community or Technical and Further Education (TAFE); High
includes Bachelors, Masters or Doctor of Philosophy (PhD). “Management include managers; Professionals
include professionals and technicians, associated professionals; Working class includes clerical support, service
and sales workers, craft and related trade workers, other, never worked professionally.
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Results from the linear regression models are shown in Table 2 and Fig. 1. Findings from adjusted analyses
showed higher mean depressive symptom scores among those with severe dementia compared to those with
mild dementia (MMSE 24-30) (3.78, 95% CI 1.60-5.96, p=0.001).

Estimated mean differences between those with mild-moderate dementia (- 0.05, 95% CI — 2.30 to 2.20,
p=0.967) or moderate dementia (0.51, 95% CI — 1.69 to 2.72, p=0.648) compared to mild dementia (MMSE 24-
30) were much smaller, with wide confidence intervals including both negative and positive values. Estimated
mean depressive symptom severity was lower for those with late-stage compared to early-stage dementia (- 0.86,
95% CI — 3.74 to 2.03, p=0.560) and those with ‘other’ type of dementia compared to Alzheimer’s disease and
related dementias (- 1.26, 95% CI — 3.27 to 0.75, p=0.219). However, confidence intervals were wide, ranging
from negative to positive values.

There were country differences in depressive symptom severity level of people with dementia at baseline.
Mean depressive symptom scores were lower in the United Kingdom (- 2.41, 95% CI — 4.49 to — 0.34, p=0.023),
Germany (- 2.51, 95% CI — 4.63 to — 0.40, p=0.020), and Norway (- 4.93, 95% CI — 7.39 to — 2.47, p<0.001)
compared to Australia. Estimated mean depressive symptom severity was higher in Poland compared to
Australia (1.15, 95% CI — 1.71 to 4.02, p=0.428); however, confidence intervals were wide and ranged from
negative to positive values.

Discussion

This cross-sectional analysis of baseline data from the HOMESIDE trial examined differences in depressive
symptom severity levels in community-dwelling people living with dementia by dementia characteristics and
country of residence. Our findings provide valuable insights into factors associated with depressive symptoms
in this population.

Unadjusted analysis Adjusted analysis

Mean difference | 95% CI Pvalue | Mean difference | 95% CI P value
Stage of dementia*
Early Reference Reference Reference | Reference Reference Reference
Late -1.16 - 3.18,0.86 0.258 -0.86 —-3.74,2.03 0.560
Type of dementia®
Alzheimer’s disease and related dementias | Reference Reference Reference | Reference Reference Reference
Vascular and mixed dementias 0.04 -195,2.02 |0.972 0.27 -1.68,2.22 | 0.785
Other dementia types -0.61 —2.65,1.43 0.559 -1.26 -3.27,0.75 0.219
Severity of dementia*
Mild dementia Reference Reference Reference | Reference Reference Reference
Mild-moderate dementia 0.16 —-2.18,2.50 0.895 -0.05 —-2.30,2.20 0.967
Moderate dementia 0.51 -1.74,2.77 0.656 0.51 -1.69,2.72 0.648
Severe dementia 3.59 1.38,5.81 0.002 3.78 1.60, 5.96 0.001
Country of residence’
Australia Reference Reference Reference | Reference Reference Reference
United Kingdom -3.28 —-5.38,-1.18 | 0.002 -241 —4.49,-0.34 | 0.023
Germany -2.23 —4.40, - 0.06 | 0.044 -2.51 —4.63,-0.40 | 0.020
Norway -4.89 —7.41,-2.37 | <0.001 -4.93 —7.39,-2.47 | <0.001
Poland 1.48 -1.29,4.24 0.295 1.15 -1.71,4.02 0.428

Table 2. Linear regression models of baseline level of depression (MADRS score) among people living with
dementia in the HOMESIDE study by each of (i) stage, (ii) type and (iii) severity of dementia, iv) country

of residence and level of depression (MADRS score) (N=376). CI, confidence interval. *Early-onset and
late-onset dementia consisted of participants with any form of dementia in people under the age of 65 and
aged 65 and older, respectively. The adjusted model included study site, confounders (age, sex, education and
occupation of the person with dementia), prognostic characteristics of the outcome (caregiver’s depression,
marital status of the person with dementia, length of time with dementia). TAlzheimer’s disease and related
dementias consisted of participants with Alzheimer’s disease, Frontotemporal dementia, Lewy body disease.
Vascular and mixed dementias consisted of participants with vascular or mixed dementia, while Other
dementia types consisted of other or unknown dementia. The adjusted model included study site, confounders
(age, sex, education and occupation of the person with dementia), prognostic characteristics of the outcome
(caregiver’s depression, marital status of the person with dementia, length of time with dementia). *The results
of the Wald test suggest there were differences in severity of dementia. The adjusted model included study site,
confounders (age, sex, education and occupation of the person with dementia), prognostic characteristics of
the outcome (caregiver’s depression, marital status of the person with dementia, length of time with dementia).
The results of the Wald test suggest there were differences in countries. The adjusted model included the
caregiver’s depression, marital status of the person with dementia, length of time with dementia.
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Fig. 1. Estimated mean difference (95% CI) in depression from unadjusted and adjusted linear regression
models. Data points represent mean differences in depressive symptom levels with 95% confidence intervals.
Positive values indicate higher depressive symptom levels compared to the reference group, negative values
indicate lower depressive symptom levels. (a) Stage of dementia (reference: early); (b) type of dementia
(reference: Alzheimer’s disease and related dementias; vascular or mixed dementia; or other types of
dementia); (c) severity of dementia (reference: mild dementia [MMSE 24-30]); and (d) country (reference:
Australia). Early-onset and late-onset dementia consisted of participants with any form of dementia in people
under the age of 65 and aged 65 and older, respectively. Alzheimer’s disease and related dementias consisted
of participants with Alzheimer’s disease, Frontotemporal dementia, Lewy body disease. Vascular or mixed
consisted of participants with vascular or mixed dementia, while other consisted of other or unknown
dementia.

Most notably, depressive symptom severity level was higher among those with severe dementia compared
to those with mild dementia (MMSE 24-30), with clinically important differences observed (3.78, 95% CI
1.60-5.96). However, depressive symptom levels did not appear to differ between those with either mild-
moderate dementia or moderate dementia compared to mild dementia. This difference exceeds the minimal
clinically important difference (MCID) for the MADRS scale, which has been estimated at 1.6 to 1.9 points in
previous research!4~16, suggesting a meaningful clinical impact. This finding suggests that cognitive impairment
severity may be associated with depressive symptom development among people with dementia, although
this relationship could also reflect methodological limitations including the decreased validity of MADRS as
dementia progresses and increased reliance on caregiver observations rather than participant self-rating. This
finding aligns with previous research by Enache et al.®, who reported varying depression prevalence (20-60%)
across different stages of dementia, with higher rates typically observed in more advanced cases, as well as with
more recent studies showing similar patterns!”!8,

The relationship between severe dementia and depressive symptoms may reflect the increasing awareness of
functional decline, growing dependency, and social isolation that often accompany the progression of dementia.
These factors have been identified as significant contributors to depression in older adults with cognitive
impairment®!®. Additionally, as cognitive impairment progresses, the ability to engage in meaningful activities
and maintain social connections diminishes, potentially exacerbating depressive symptoms.

Interestingly, our finding of higher depressive symptom levels in those with severe dementia contrasts with
some established patterns in the literature. Traditionally, depression has been reported as more prevalent in
early to moderate stages of dementia, with symptoms often appearing to decrease in advanced stages?*?!. This
apparent decrease in later stages is frequently attributed to challenges in detecting and assessing depressive
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symptoms due to diminished communication abilities and reduced self-awareness in severe dementia. The
higher depressive symptom levels we observed in severe dementia may reflect the specific characteristics of our
community-dwelling sample, the sensitivity of the MADRS scale in capturing observable symptoms even in
advanced dementia, or the enhanced ability of caregivers in home settings to recognize subtle changes in mood
and behavior compared to institutional settings. This unexpected finding warrants further investigation into the
manifestation and detection of depressive symptoms across the continuum of cognitive decline.

We observed clinically important lower depressive symptom levels in Norway (- 4.93 points, 95% CI — 7.39
to — 2.47), Germany (- 2.51 points, 95% CI — 4.63 to — 0.40), and the United Kingdom (- 2.41 points, 95% CI
—4.49 to — 0.34) compared to Australia. These findings support earlier research by Rai et al.?2, who demonstrated
marked differences in depression prevalence across countries due to varying thresholds of clinically relevant
symptoms in different cultural contexts and differences in reporting mental health concerns. More recent
evidence from Arias-de la Torre et al.?* further corroborates substantial variation in depression prevalence across
27 European countries, with rates ranging from 2.6% in the Czech Republic to 10.3% in Iceland, highlighting the
importance of considering geographical and sociopolitical contexts when interpreting depression data.

The particularly low depressive symptom levels in Norway may reflect multiple interconnected factors,
including their comprehensive healthcare systems, strong social safety nets, cultural attitudes toward aging and
dementia, and family support structures. While Livingston et al.” highlighted that healthcare funding and early
detection systems can influence dementia outcomes, our findings suggest that country differences likely involve
complex interactions between healthcare access, socioeconomic factors, cultural contexts, and family caregiving
traditions. Norway’s well-funded public healthcare system and relatively low levels of socioeconomic inequality
may contribute to better mental health outcomes among people with dementiaZ4, however, cultural factors and
community attitudes toward dementia care may also play important protective roles®.

Regarding Germany, our findings of lower depressive symptom levels compared to Australia are consistent
with the context of community-dwelling people with dementia. Tesky et al.?° reported that while the prevalence
of late-life depression in Germany is around 7.2% in the general older population, it rises dramatically to 42.9%
among nursing home residents. Since HOMESIDE Germany included only people living with dementia at home,
this may explain the lower depressive symptom levels observed in our sample compared to what might be expected
in institutional care settings. This underscores the importance of considering care setting when interpreting
depression data across countries. These differences might also reflect variations in cultural perceptions of
dementia and depression, access to specialized dementia care, caregiver support programs, and socioeconomic
factors. Freeman et al.” demonstrated that individual socioeconomic status significantly influences depression
outcomes across European countries, highlighting the importance of socioeconomic factors at the personal level
rather than solely healthcare system characteristics.

Our analysis revealed no significant differences in depressive symptom levels between dementia types or
early versus late onset. This lack of association suggests that depressive symptoms may develop independently of
dementia etiology or age of onset. This finding has important clinical implications, indicating a need for consistent
depression screening across all dementia types and stages. The absence of evidence of differences in depressive
symptoms by dementia type contrasts with some previous studies suggesting variations in neuropsychiatric
symptoms across different dementia etiologies. However, it aligns with the biological mechanisms shared
between depression and various types of dementia, including vascular disease, hippocampal atrophy, 3-amyloid
deposits, and inflammatory alterations®, which may explain why depressive symptoms manifest across different
dementia types.

Clarification of dementia stage versus severity

It is important to clarify that our analysis examined two distinct clinical dimensions of dementia that are often
conflated but represent independent characteristics. Stage of dementia refers to the age of symptom onset
(early-onset< 65 years versus late-onset>65 years)!?’, while severity of dementia reflects current cognitive
impairment level as measured by MMSE scores'>. These variables showed different patterns of association with
depressive symptoms in our study. Our finding that early-onset dementia was associated with slightly higher
(though not statistically significant) depressive symptom levels compared to late-onset dementia may reflect the
greater psychological impact of developing dementia at a younger age, when individuals are more likely to be
employed, have dependent children, or experience greater life disruption?®?. Conversely, our finding that severe
dementia was strongly associated with higher depressive symptom levels regardless of age of onset suggests
that current functional capacity and awareness of cognitive decline play important roles in depressive symptom
development>!328, This distinction has important clinical implications, as both younger individuals at dementia
onset and those with more severe current dementia may benefit from targeted depressive symptom screening
and intervention, albeit for different reasons!”8,

Study limitations

Several limitations should be considered when interpreting our findings. First, this was exploratory secondary
analyses of baseline trial data which may be underpowered to detect relationships between each covariate and
depression. Second, we lacked data on some confounding factors, including heart disease and diabetes, which
could influence both dementia and depression. This means estimated differences in means may be biased by
residual confounding. Third, the characteristics of participants excluded due to missing data differed somewhat
from the analyzed sample, with higher percentages of females and higher depressive symptom levels in the omitted
group, potentially affecting the generalizability of our findings. Additionally, as this was a cross-sectional analysis,
we cannot establish causality between dementia characteristics and depressive symptom levels. The relationship
between cognitive impairment and depressive symptoms may be bidirectional, with each condition potentially
exacerbating the other. While our analysis examined the influence of dementia severity on depressive symptom
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levels, depressive symptoms themselves may contribute to the progression and severity of dementia. Existing
evidence suggests that depression can accelerate cognitive decline through various biological mechanisms,
including chronic inflammation, hypothalamic-pituitary-adrenal (HPA) axis dysregulation, vascular pathology,
and reduced neuroplasticity®. The psychological burden of depression may also reduce cognitive reserve and
participation in cognitively stimulating activities, further exacerbating cognitive impairment. This complex
bidirectional relationship underscores the importance of addressing both conditions simultaneously in clinical
practice. Fourth, our analysis did not include medication use as a covariate, which may have influenced the
results. Psychotropic medications, commonly prescribed based on factors such as dementia onset, severity,
and type, can independently affect depressive symptoms. While examining medication effects would provide
valuable insights, the complexity and resource-intensive nature of comprehensive medication analysis in large
datasets made this impractical for the HOMESIDE study. Future studies with dedicated resources for medication
analysis could help clarify the relationship between pharmacological interventions, dementia characteristics,
and depressive symptom levels.

Proxy reporting and MADRS limitations

Our study also has limitations related to depression assessment in dementia that require careful consideration.
Caregiver-rated MADRS scores may be influenced by caregiver burden, stress levels, and their own mental health
status®®3L. While studies show caregiver accuracy in recognizing depression with sensitivity of 0.65 and specificity
of 0.5832, this level of accuracy, though imperfect, still provides valuable clinical information, particularly when
combined with standardized assessment protocols as used in HOMESIDE. Discrepancies between patient and
caregiver ratings are particularly associated with increased caregiver burden rather than patient functioning
levels?®33. However, cohabiting caregivers in our study had daily opportunities to observe behavioral changes
and mood patterns, potentially providing insights unavailable through brief clinical assessments.

Despite these limitations, proxy reporting remains the most feasible approach for depression assessment
in moderate to severe dementia, where self-report becomes increasingly unreliable. Our entire HOMESIDE
sample consisted of people with dementia who had clinically significant BPSD, as this was an inclusion criterion
for the original trial. While no depression rating scale, including MADRS, has been fully validated specifically
in people with advanced dementia who also have significant BPSD4, MADRS remains one of the most widely
used and psychometrically sound depression rating scales available. MADRS has shown utility in early-onset
dementia for distinguishing depressed from non-depressed patients®®, and our findings of systematic patterns
across countries and severity levels suggest meaningful signal detection despite measurement challenges.

Many MADRS items may be confounded by core dementia symptoms and other BPSD, particularly apathy,
sleep disturbance, and concentration difficulties®®’. However, the consistency of our findings across different
countries and the clinically meaningful effect sizes observed suggest that our results capture genuine patterns
of depressive symptomatology rather than random measurement error. While there is no universal agreement
on depression diagnostic criteria in advanced dementia, particularly when BPSD is present, standardized
caregiver-rated assessments like MADRS provide the best available evidence for understanding depressive
symptom patterns in this population. Our study’s strength lies in its large, international sample and standardized
assessment procedures, which help minimize bias while acknowledging the inherent challenges of depression
measurement in dementia. Future research would benefit from using validated instruments specifically designed
for cognitively impaired populations, alongside careful consideration of proxy reporting limitations. Until such
instruments are developed and validated, studies like ours provide important insights into depressive symptom
patterns that can inform clinical practice and guide future research directions. The association between dementia
severity and higher MADRS scores may reflect decreasing validity of the MADRS as dementia progresses, with
increased reliance on caregiver observations potentially introducing systematic bias rather than reflecting true
increases in depressive symptoms. As cognitive impairment advances, the ability to provide accurate self-reports
diminishes, making proxy ratings more susceptible to interpretation bias and confusion between depressive
symptoms and core dementia symptoms. While our findings show systematic patterns across countries and
severity levels, suggesting meaningful signal detection, the possibility that our observed association reflects
measurement artifacts rather than genuine clinical relationships cannot be definitively excluded based on our
cross-sectional data. Future longitudinal studies designed specifically to address these measurement validity
questions are needed to clarify whether higher MADRS scores in severe dementia represent true symptom
increases or methodological limitations.

Selection and generalizability limitations

Our study sample demonstrated characteristics suggesting higher social capital, including higher educational
levels and predominantly urban/suburban residence. This likely reflects self-selection bias, as individuals with
greater health awareness, higher socioeconomic status, and stronger family support networks are more likely to
volunteer for research participation. People with dementia who agreed to participate in our study, along with
their caregivers, may represent a subset of the population with better access to healthcare information, greater
engagement with medical services, and more stable living situations.

This selection bias has important implications for generalizability. Our findings may not extend to people
with dementia who have lower educational attainment, live in more socially isolated circumstances, have limited
health literacy, or rely primarily on formal care services rather than family caregivers. Additionally, the study was
conducted primarily in urban and suburban settings, which may limit generalizability to rural populations who
may have different access to healthcare services, social support systems, and cultural attitudes toward research
participation. The higher socioeconomic and educational profile of our participants, while unintentional, may
have influenced depression ratings, help-seeking behaviors, and responses to interventions in ways that differ
from more diverse populations.
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Missing data and measurement issues

Our strategy of averaging responses for missing MADRS items may lead to score inflation, particularly if
caregivers consistently rate certain items higher due to confusion with dementia-related symptoms. While
caregiver depression was collected as part of the HOMESIDE baseline assessment and included as a prognostic
variable in our regression models, other potentially important caregiver characteristics such as caregiver burden,
employment status, and mental health beyond depression were not incorporated into our analyses. Future
studies should examine the broader spectrum of caregiver factors that may influence proxy-rated depression
measures, as these characteristics may significantly affect symptom ratings and could help explain additional
variability in depression scores.

Clinical implications

Our findings highlight several important implications for clinical practice and healthcare policy. First,
they emphasize the need for regular depression screening, particularly in individuals with severe cognitive
impairment. Early recognition and treatment of depressive symptoms in dementia patients can delay cognitive
decline, reduce symptom severity, and improve quality of life. Second, our results suggest potential insights from
countries showing lower depressive symptom rates in our sample, particularly Norway. Our findings highlight
the importance of examining country-specific factors that may influence depressive symptoms in people with
dementia. Healthcare policies that prioritize comprehensive dementia care, including psychological support
and caregiver assistance, may help reduce depressive symptom burden in this vulnerable population. Further
comparative research is needed to identify specific elements of care systems associated with better mental health
outcomes in dementia. Third, interventions should be adapted to address the specific needs of individuals
with different levels of cognitive impairment, with particular attention to those with severe impairment who
demonstrated higher depressive symptom levels in our study. Recent evidence supports the effectiveness of
person-centered care approaches in reducing depressive symptoms in people with dementia. A meta-analysis by
Kim and Park?® examining 19 studies with 3,985 participants demonstrated that person-centered care not only
reduces agitation but also significantly decreases depressive symptoms, suggesting that tailoring interventions to
individual needs can be particularly effective.

Future research should focus on understanding the mechanisms linking severe cognitive impairment with
depressive symptoms, investigating causal relationships through longitudinal studies, and exploring the specific
factors contributing to country differences in depressive symptom prevalence. Additionally, intervention studies
examining the effectiveness of different approaches based on dementia severity would help develop tailored
strategies for depressive symptom management in this population. Investigations into healthcare system factors
that contribute to better outcomes in certain countries would be valuable for informing policy development.
Finally, studies examining the role of cultural factors, stigma, and reporting differences in explaining international
variations in depressive symptom rates would enhance our understanding of this complex relationship.

Conclusions

Our findings demonstrate that dementia severity, particularly severe cognitive impairment, is strongly associated
with higher depressive symptom levels, while there was no similar evidence for dementia type or stage. The
marked differences in depressive symptom levels between countries, with notably lower rates in Norway,
Germany, and the United Kingdom compared to Australia, suggests that healthcare system organization and
access to comprehensive care may play crucial roles in managing depressive symptoms in people with dementia.
While Poland was also included in our study, depressive symptom levels there did not differ significantly from
those in Australia. These results highlight the importance of regular depression screening in severe cognitive
impairment, examining successful elements from healthcare systems in countries with lower depressive
symptom rates compared to Australia, particularly the Norwegian model, and development of targeted
interventions considering both dementia severity and healthcare system context. Future research should
focus on understanding the mechanisms linking severe cognitive impairment with depressive symptoms and
investigating the specific healthcare system factors contributing to better outcomes in certain countries.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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