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1 | BACKGROUND

Alzheimer’s disease (AD) has a global prevalence of 5%-8% in adults
aged >60 years and is a leading cause of morbidity and mortality.: AD
and related dementias currently affect > 50 million people worldwide,

Weiva Sieh? |
Kristina Sundquist®

Barbara G. Vickrey® | Alexis C.Edwards* |

Abstract

INTRODUCTION: Depression is a risk factor and possible prodromal symptom of
Alzheimer’s disease (AD), but little is known about subsequent risk of developing
depression in persons with AD.

METHODS: National matched cohort study was conducted of all 129,410 persons
diagnosed with AD and 390,088 with all-cause dementia during 1998-2017 in Swe-
den, and 3,900,880 age- and sex-matched controls without dementia, who had no
prior depression. Cox regression was used to compute hazard ratios (HRs) for major
depression through 2018.

RESULTS: Cumulative incidence of major depression was 13% in persons with AD and
3% in controls. Adjusting for sociodemographic factors and comorbidities, risk of major
depression was greater than two-fold higher in women with AD (HR, 2.21; 95% con-
fidence interval [Cl], 2.11-2.32) or men with AD (2.68; 2.52-2.85), compared with
controls. Similar results were found for all-cause dementia.

DISCUSSION: Persons diagnosed with AD or related dementias need close follow-up
for timely detection and treatment of depression.
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Highlights

* In a large cohort, women and men with AD had >2-fold subsequent risk of
depression.

* Risks were highest in the first year (>3-fold) but remained elevated >3 years later.

* Risk of depression was highest in persons aged >85 years at AD diagnosis.

* Persons with AD need close follow-up for detection and treatment of depression.

and this number is expected to triple by 2050.2° The cognitive decline
that occurs in AD may be accompanied by psychological symptoms
such as depression, which may further compromise overall function-
ing, quality of life, and health outcomes.**® Depression is a reported
risk factor and possible prodromal symptom of AD,”~? but less is
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known about the subsequent risk of developing depression in per-
sons diagnosed with AD. A better understanding of the long-term risks
of depression and high-risk subgroups is needed to guide interven-
tions that may improve function, quality of life, and health outcomes
in persons with AD.

Persons with dementia have been reported to have a higher preva-
lence of clinically significant depression (20%) than other adults
without dementia (11%), based on family-reported symptoms.’° Other
studies have found that 30% to 50% of persons diagnosed with AD
experience various symptoms consistent with depression, including
mood changes, social withdrawal, apathy, or suicidal ideation.!%12 A
meta-analysis reported that the prevalence of major depression based
on diagnostic criteria is 15% in persons with AD and 16% in those
with all-cause dementia.1® However, most studies have been based on
selected clinical samples of < 1000 patients and have lacked sufficient
sample sizes or follow-up time to estimate long-term risks or delineate
the highest-risk subgroups. To our knowledge, no studies have exam-
ined the risk of major depression following AD diagnosis in a large
population-based cohort.

We sought to address these knowledge gaps using nationwide data
in Sweden. Our goals were to: (1) determine risks of major depression
following diagnosis with AD or all-cause dementia (for comparison with
AD) in alarge population-based cohort, adjusting for sociodemographic
factors and comorbidities; (2) identify periods of heightened risk; and
(3) assess for potential age- or sex-specific differences. We hypothe-
sized that women and men of any age who are diagnosed with AD have

increased subsequent risk of major depression.

2 | METHODS

2.1 | Study population and dementia ascertainment
Using the Swedish Hospital and Outpatient Registers, we identified
134,347 persons diagnosed with AD and 407,663 persons diagnosed
with all-cause dementia during 1998-2017. AD and all-cause demen-
tia were identified using International Classification of Diseases, Tenth
Revision (ICD-10) codes (AD: FOO, G30; all-cause dementia: FOO-FO3,
G30). The Hospital Register started in 1964 and contains all primary
and secondary hospital discharge diagnoses with 100% coverage of
the Swedish population since 1987.24 The Outpatient Register started
in 2001 and contains all diagnoses from specialty clinics with approx-
imately 87% nationwide coverage.!®> Dementia diagnoses in these
registers have been found to be highly reliable, with positive predictive
values near 90%.1¢

We excluded 4937 persons diagnosed with AD and 17,575 with all-
cause dementia who had a preceding diagnosis of major depression
(ICD-10 codes F32-F33) in the Hospital or Outpatient Registers or
primary care records, leaving 129,410 persons with AD and 390,088
persons with all-cause dementia available for analysis. Primary care
diagnoses previously collected by our group’” were available for 20%
of the Swedish population starting in 1998, 45% starting in 2001, and
90% starting in 2008 and onward.

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
using Pubmed. Prior studies have reported high preva-
lence of depression in persons with Alzheimer’s disease
(AD). However, most studies have been based on selected
clinical samples of < 1000 patients and lacked sufficient
sample sizes or follow-up to identify long-term risks or
highest-risk subgroups.

2. Interpretation: In a national cohort of > 4 million people,
after adjusting for sociodemographic factors and comor-
bidities, women and men diagnosed with AD had greater
than two-fold higher subsequent risk of major depression
compared with population-based controls. Risks were
highest in the first year (greater than three-fold), then
declined but remained significantly elevated (1.1- to 1.3-
fold) >3 years after AD diagnosis. Persons with AD
need close clinical follow-up for timely detection and
treatment of depression.

3. Future directions: Interventional studies are needed to
assess long-term function, quality of life, and health
outcomes associated with screening and treatment for
depression in persons with AD.

Each person with AD or all-cause dementia was matched to 10 per-
sons randomly sampled from the general population who had the same
sex, birth year and month; were living in Sweden on the date of demen-
tia diagnosis for the respective case (i.e., index date); and had no prior
diagnosis of major depression. This study was approved by the Regional
Ethical Review Board in Lund, Sweden. Participant consent was not
required because this study used only pseudonymized registry-based

secondary data.

2.2 | Outcome ascertainment

The study outcome was the earliest diagnosis of major depression
ascertained from the index date (respective case’s dementia diagno-
sis date) through December 31, 2018. Major depression was identified
using ICD-10 codes F32-F33 in the Swedish Hospital and Outpatient
Registers and primary care records (as described above). Prior studies
have suggested that major depression diagnoses in these data sources
have high validity based on their prevalence, sex ratio, and sibling and
twin correlations.”18

2.3 | Covariates

Other characteristics that may be associated with AD and depression

were identified using Swedish national census and health registry data,
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which were linked using a pseudonymous serial number. Sex and birth
date were adjusted for as matching variables. Covariates included birth
country (Sweden/other), marital status (married/not married), educa-
tion level (<9, 10-12, > 12 years), region (large cities, other/Southern,
other/Northern, unknown), and prior history of other mental dis-
orders (anxiety disorder, bipolar disorder, schizophrenia) or medical
comorbidities (hypertension, diabetes, lipid disorders, ischemic heart
disease) at the index date, each modeled as a separate covariate.
Cardiometabolic comorbidities were included because they have pre-
viously been associated with depression in persons with AD.1? All
comorbidities were ascertained from the Swedish Hospital and Out-
patient Registers and primary care records using ICD-10 codes (Table
S1 in the Supplement). All covariates were > 93% complete. Missing
data were modeled as a separate category and had little effect on risk

estimates because of their rarity.

2.4 | Statistical analysis

Cox regression was used to compute hazard ratios (HRs) and 95%
confidence intervals (Cls) for major depression associated with AD or
all-cause dementia while stratifying on matched sets. The observation
period for each study participant (dementia cases and their matched
controls) began at the index date (date of AD or all-cause dementia
diagnosis for the respective case) and ended at the date of earli-
est diagnosis of major depression or December 31, 2018, whichever
came first. Persons were censored at the date of death as identified
in the Swedish Death Register (n = 255,675) or the date of emigra-
tion as determined by absence of a Swedish residential address in
census data (n = 106,623). Analyses were adjusted first only for age
and sex (via matching variables) and then further for all covariates
(as defined above). The proportional hazards assumption was evalu-
ated by examining log-log survival plots, which showed no substantial
departures.

Sex-specific differences were assessed by stratifying on sex and for-
mally testing for additive or multiplicative interaction between AD or
all-cause dementia and sex in relation to major depression risk. To
assess periods of heightened susceptibility during the follow-up period,
HRs were estimated within narrower time intervals after dementia
diagnosis (< 1, 1 to < 2, 2 to < 3, >3 years) in separate analyses
among persons still living in Sweden without a prior diagnosis of major
depression at the beginning of the respective interval. Age-specific dif-
ferences were assessed by stratifying on age at the index date (< 65,
65-74,75-84, >85 years), while adjusting for age within each stratum.

In secondary analyses, the study outcome was expanded to include
(1) dysthymia and “other persistent mood disorders” (ICD-10 code
F34) in the Swedish Hospital and Outpatient Registers and primary
care records (as described above); or (2) prescription of any antide-
pressant medication (code NO6A) in the Swedish Pharmacy Register,
which includes all prescriptions dispensed nationwide starting on July
1,2005.

Two sensitivity analyses were also performed. Because the primary

aim of this study was to assess new-onset major depression after

Disease Monitoring

dementia diagnosis, a sensitivity analysis was performed that started
follow-up for major depression 1 year after the index date to help
exclude latent cases of depression (i.e., preceding the index date but
still undiagnosed at the time of dementia diagnosis) and the possibility
of detection bias due to increased screening in persons newly diag-
nosed with dementia. In addition, a sensitivity analysis was performed
that accounted for death as a competing event using Fine-Gray com-
peting risks models, to assess for potential bias that may result from
earlier mortality in persons with versus without dementia.2° All sta-
tistical tests were two-sided and used a significance level of 0.05. All

analyses were conducted using Stata version 16.1.

3 | RESULTS

The median age at diagnosis with AD was 80 years (interquartile range
[IQR], 75 to 85) and with all-cause dementia was 83 years (IQR, 77
to 88). The median follow-up time was 8 years (IQR, 4 to 13) for per-
sons with either AD or all-cause dementia. In 10 million person-years
of follow-up, 164,608 persons (with or without dementia) were diag-
nosed with major depression. The median ages at diagnosis of major
depression were 81 years in persons with AD, 83 years in those with
all-cause dementia, and 84 years in controls. At 10 years of follow-up,
the cumulative incidence of major depression was 13% in persons with
AD, 11% in those with all-cause dementia, and 3% in control persons
without dementia.

Table 1 shows characteristics of persons with AD or all-cause
dementia, control persons without dementia, and all persons diag-
nosed with major depression. Over 60% of all persons diagnosed with
AD or all-cause dementia and 78% of those with major depression
were women. Persons diagnosed with AD, all-cause dementia, or major
depression were more likely to have high education level, live in large
cities, or have comorbidities than all control persons without dementia.

3.1 | AD or all-cause dementia and risk of major
depression

Persons diagnosed with AD or all-cause dementia had a greater than
two-fold higher subsequent risk of major depression compared with
controls, after adjusting for sociodemographic factors and comorbidi-
ties (AD: adjusted HR, 2.38; 95% Cl, 2.29-2.47; all-cause dementia: HR,
2.30; 95% Cl, 2.25-2.35) (Table 2). These risks were elevated among
both women (HRs, 2.21 and 2.15, respectively) and men (2.68 and 2.52,
respectively).

In persons either with or without AD or all-cause dementia, the inci-
dence of major depression was higher among women than men (Tables
S2 and S3in the Supplement). Interaction tests showed a positive addi-
tive but negative multiplicative interaction between AD or all-cause
dementia and female sex (i.e., the combined effect of AD or all-cause
dementia and female sex on risk of major depression exceeded the
sum but was less than the product of their separate effects) (Tables S2

and S3 in the Supplement). The positive additive interaction indicates
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TABLE 1 Characteristics of study participants, 1998-2018, Sweden

AD All-cause dementia Controls Major depression
N=129,410 N =390,088 N = 3,900,880 N=186,117
Parameter n (%) n (%) n (%) n (%)
Age at index date (years)
<65 7234 (5.6) 19,342 (4.9) 193,420 (5.0) 19,685 (10.6)
65-74 24,671(19.1) 52,985 (13.6) 529,850(13.6) 34,927 (18.8)
75-84 63,971 (49.4) 167,354 (42.9) 1,673,540 (42.9) 85,488 (45.9)
>85 33,534 (25.9) 150,407 (38.6) 1,504,070 (38.5) 46,017 (24.7)
Sex (female) 83,310 (64.4) 245,238 (62.9) 2,452,380 (62.9) 145,193 (78.0)
Sweden-born 115,372(89.2) 350,404 (89.8) 3,504,040 (89.8) 164,272 (88.3)
Marital status
Married 78,699 (60.8) 212,043 (54.4) 1,460,594 (37.4) 107,053 (57.5)
Not married 50,702 (39.2) 178,018 (45.6) 2,172,528 (55.7) 79,062 (42.5)
Unknown 9(<0.1) 27(<0.1) 267,758 (6.9) 2(<0.1)
Education (years)
<9 66,768 (51.6) 228,449 (58.6) 2,425,382(62.2) 95,884 (51.5)
10-12 42,763 (33.0) 115,198 (29.5) 878,355(22.5) 61,429 (33.0)
>12 19,669 (15.2) 45,679 (11.7) 379,385(9.7) 28,607 (15.4)
Unknown 210(0.2) 762(0.2) 217,758 (5.6) 197(0.1)
Region
Large cities 65,503 (50.6) 188,281 (48.3) 1,646,766 (42.2) 106,642 (57.3)
Other/Southern 35,706 (27.6) 122,740 (31.5) 1,400,511 (35.9) 54,456 (29.3)
Other/Northern 28,163 (21.8) 78,929 (20.2) 661,363 (17.0) 24,973 (13.4)
Unknown 38(<0.1) 138(<0.1) 192,240 (4.9) 46(<0.1)
Prior diagnoses
Anxiety disorder 12,103 (9.4) 40,672 (10.4) 229,803 (5.9) 36,267 (19.5)
Bipolar disorder 719(0.6) 3,148 (0.8) 18,341 (0.5) 2414 (1.3)
Schizophrenia 427(0.3) 2737(0.7) 27,691(0.7) 749(0.4)
Hypertension 50,750 (39.2) 169,253 (43.4) 1,176,997 (30.2) 94,965 (51.0)
Diabetes 17,631(13.6) 65,976 (16.9) 536,283(13.8) 26,392 (14.2)
Lipid disorders 11,905(9.2) 34,534 (8.9) 233,904 (6.0) 21,561(11.6)
Myocardial infarction 17,509 (13.5) 67,102 (17.2) 628,379 (16.1) 25,772 (13.9)

that AD and all-cause dementia accounted for more diagnoses of major
depression among women than men.

Relative rates of major depression were highest (greater than three-
fold) within the first year after diagnosis with either AD or all-cause
dementia, then declined but remained significantly elevated (1.1- to
1.3-fold) even > 3 years after diagnosis (Figure 1 and Table S4 in the
Supplement). Risk of major depression was elevated regardless of age
at diagnosis with either AD or all-cause dementia but was highest
among those aged > 85 years (Figure 2 and Table S5 in the Supplement).

3.2 | Secondary analyses

Expansion of the outcome to include dysthymia and other persis-
tent mood disorders (ICD-10 code F34) yielded virtually identical risk

estimates as the main analyses (e.g., AD: adjusted HR, 2.37; 95% ClI,
2.29-2.46; all-cause dementia: HR, 2.30; 95% Cl, 2.24-2.35). Inclusion
of antidepressant prescriptions yielded somewhat higher risk esti-
mates (AD: adjusted HR, 3.00; 95% Cl, 2.94-3.07; all-cause dementia:
HR,2.87;95% Cl, 2.83-2.91).

In sensitivity analyses that started follow-up for major depression
1 year after the index date, all HRs were moderately reduced but
remained significantly elevated (P < 0.001 for each). For example,
adjusted HRs for major depression among women or men with AD
were 1.79 (95% Cl, 1.69-1.90) and 1.99 (1.85-2.14), respectively, and
the corresponding HRs associated with all-cause dementia were 1.59
(1.53-1.66) and 1.72 (1.64-1.80), respectively.

In sensitivity analyses that accounted for death as a competing
event, all results were similar to those from the main analyses. For

example, adjusted subdistribution HRs2° for major depression among



CRUMP ET AL.

Diagnosis, Assessment 50f9

Disease Monitoring

TABLE 2 Relative rates of major depression through 2018 in persons diagnosed with AD or all-cause dementia (1998-2017), compared with

population-based controls

Dementia cases Controls e A e
No. with No. with sex-adjusted model model®
Parameter depression Rate® depression Rate® HR (95% Cl) HR (95% Cl)
AD
All 9467 1573.9 15,391 650.0 2.82(2.73,2.92) 2.38(2.29,2.47)
Women 6693 1890.2 10,625 981.1 2.57(2.47,2.68) 2.21(2.11,2.32)
Men 2774 11212 4766 370.9 3.35(3.16,3.54) 2.68(2.52,2.85)
All-cause dementia
All 23,379 1209.2 38,694 478.0 2.88(2.82,2.95) 2.30(2.25,2.35)
Women 15,987 1432.8 24,997 683.5 2.64(2.57,2.72) 2.15(2.08,2.21)
Men 7392 904.0 13,697 308.6 3.30(3.19,3.41) 2.52(2.43,2.62)

Abbreviations: AD, Alzheimer’s disease; Cl, confidence interval; HR, hazard ratio.

aAdjusted for age, sex, birth country, marital status, education, region, and prior history of psychiatric disorders (bipolar disorder, schizophrenia, anxiety
disorder, major depression) or cardiometabolic disorders (hypertension, diabetes, lipid disorders, myocardial infarction) at index date.

bIncidence rate for major depression per 100,000 person-years.

women or men with AD were 2.35 (95% Cl, 2.24-2.47) and 2.87 (95%
Cl, 2.69-3.06), respectively, and the corresponding results for all-cause
dementia were 2.26 (95% Cl, 2.18-2.33) and 2.67 (95% Cl, 2.57-2.78),

respectively.

4 | DISCUSSION

In this large national cohort, women and men diagnosed with AD or
all-cause dementia had more than double the risk of major depres-
sion compared to population-based controls without dementia, after
adjusting for sociodemographic factors and comorbidities. These risks
were highest within the first year (greater than three-fold), then subse-
quently declined but remained significantly elevated (1.1- to 1.3-fold)
even > 3 years after diagnosis with dementia. Relative risks were ele-
vated regardless of age but were highest among persons aged >85
years at the time of diagnosis with dementia.

To our knowledge, this is the first study to examine risks of major
depression following AD or all-cause dementia diagnosis in a large
population-based cohort. Most prior studies of depression in AD
patients have had selected samples with < 1000 people. In a US study
of 851 adults aged > 70 years, dementia patients had a higher preva-
lence of clinically significant depression (20%) than other older adults
(11%) based on family-reported symptoms, and a three-fold odds of
depression after adjusting for sociodemographic factors and comor-
bidities (odds ratio, 3.00; 95% Cl, 1.36-6.60).1° A meta-analysis of 63
studies (mean sample size < 400 participants) found that the preva-
lence of depression was 13% using diagnostic codes (based on 25
studies with 7549 dementia patients) and 42% using more specific
criteria for depression in persons with AD (32 studies with 11,842
dementia patients).2! Another meta-analysis of 20 studies with 5897
dementia patients (mean sample size < 300) reported that the overall

pooled prevalence of depression was 39%, with a range of 10% to 78%

and no difference by dementia stage or type.22 These meta-analyses
found high heterogeneity among studies and lacked a comparison
group of persons without dementia.

The present study extends prior evidence by examining long-term
risks of major depression in a national cohort of persons with AD
or all-cause dementia compared with population-based controls, and
potential age- or sex-specific differences. We found that persons newly
diagnosed with AD or all-cause dementia had markedly higher sub-
sequent risks of major depression, especially within the first year,
which remained elevated even > 3 years later. This pattern is broadly
consistent with previous smaller studies that reported highest preva-
lence of depression within the first year after AD diagnosis, then
subsequently declining.232* In a secondary analysis, we found that
inclusion of antidepressant prescriptions resulted in even higher risk
estimates than those based on clinical diagnoses of major depression.
However, those findings should be interpreted with caution because
antidepressants are commonly prescribed for other conditions, includ-

2526 3nd thus do not necessarily represent

ing insomnia and anxiety,
depressive symptoms or clinical depression.

Some?’ but not all*?24 prior studies have reported that the preva-
lence and severity of depression are higher in women versus men with
AD, as in the general population.?® We found that both women and
men had greater than two-fold increased risks, but AD accounted
for significantly more cases of major depression among women. In
addition, we found that relative risks were highest among persons aged
>85 years at diagnosis with AD or all-cause dementia. This finding war-
rants further confirmation and differs from smaller studies suggesting

highest risk among younger adults!?-2? 2324 1

30-32

or no age differences.
contrast with prior studies, persons diagnosed with dementia
in the present cohort were also more likely to have a high education
level, possibly related to greater health care utilization among more
highly educated older adults in this population. In addition, urban

residence was more common in persons with either major depression
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FIGURE 1 Adjusted HRs for major depression through 2018
associated with AD (A) or all-cause dementia (B) in women or men
(1998-2017) by time since index date (dotted lines represent 95% ClI).
AD, Alzheimer’s disease; Cl, confidence interval; HR, hazard ratio

or dementia than in controls. Urbanicity is a reported risk factor
for depression in older adults®33* and in the general population,®?
whereas higher dementia risks have been reported in rural than in
urban areas, possibly explained by differences in education levels.3¢:37

These findings add to prior evidence that AD patients may expe-
rience psychological sequelae that could potentially worsen quality
of life and long-term outcomes. Depression is not only a psychologi-
cal burden but may have other important life consequences such as
reduced functioning and self-care ability, earlier institutionalization,
and worse quality of life for both patients and their caregivers.#-¢:38:37
The US Preventive Services Task Force has recommended routine
screening for depression in the general adult population, including

older adults (ages >70 years),*® for whom depression screening and

treatment have been shown to be effective.*? More specific crite-
ria have been proposed for diagnosis of depression in persons with
AD.*243 Qur findings underscore the importance of long-term moni-
toring for psychosocial distress and depression in persons with AD or
related dementias. Patients with positive depression screens need fur-
ther evaluation for appropriate treatment and psychosocial support.
Psychosocial interventions including cognitive-behavioral therapy and
behavioral activation have been found to be effective in reducing
depression symptoms and improving quality of life and overall function
in AD patients.*4-46

Priorities for future research include elucidation of underlying
mechanisms for the development of depression in persons with AD,
and improvement of detection, treatment, and outcomes of depres-
sion in this population. Blood biomarker profiles have recently been
identified that may reveal heterogeneity of brain phenotypes in AD.4’
Further extension of this work could potentially help identify under-
lying biologic pathways for depressive states in persons with AD and

novel therapeutic targets.

4.1 | Strengths and limitations

A key strength of the present study was its large national cohort
design, which provided high statistical power needed to examine major
depression associated with AD and all-cause dementia, periods of sus-
ceptibility, and age- and sex-specific differences, while controlling for
multiple potential confounders. Clinical diagnoses from all health care
settings, including primary care, allowed more complete ascertainment
of major depression than in most prior studies, thus enabling more valid
risk estimates based on a national cohort. Previously reported inci-
dence rates for depression are comparable between Sweden and the
United States.'”48

This study also had certain limitations. Major depression diagnoses
were identified using nationwide ICD codes, whereas more detailed
clinical data needed for validation were unavailable. However, high
validity of these diagnoses is previously supported by their prevalence,
sex ratio, sibling and twin correlations, and associations with well-
documented psychosocial risk factors.}”:18 Depression is commonly
underdiagnosed; thus, the prevalences that we observed are likely
underestimates that may reflect the most severe cases. However, the
inclusion of diagnoses from primary care settings enabled more com-
plete capture in a large cohort than has been possible in prior studies.
Depression that preceded dementia diagnosis was also likely underde-
tected; however, a sensitivity analysis that excluded diagnoses within 1
year after the index date still showed substantially elevated depression
risks in persons with AD or all-cause dementia compared with controls.

Dementia diagnoses in the Swedish registers have been reported to
have high positive predictive values but low sensitivity,'® which may
result in substantial numbers of people with dementia being misclas-
sified as controls, thus influencing results toward the null hypothesis.
Information on dementia severity was also unavailable, although prior
studies have suggested that depression has a similar prevalence across

different levels of dementia severity.224? Last, this study was limited to
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FIGURE 2 Adjusted HRs for major depression through 2018 associated with AD or all-cause dementia (1998-2017), stratified by sex and age
atindex date. AD, Alzheimer’s disease; Cl, confidence interval; HR, hazard ratios

Sweden and will need replication in other populations when feasible,

including assessment of potential racial/ethnic differences.

5 | CONCLUSIONS

In this large national cohort, women and men diagnosed with AD or
all-cause dementia had more than two-fold higher subsequent risks
of major depression compared to population-based control persons
without dementia. These risks remained elevated more than 3 years
later and were highest among persons aged > 85 years at dementia
diagnosis. Persons diagnosed with AD or related dementias need close
clinical follow-up, particularly in the first year, for timely detection and
treatment of depression.

ACKNOWLEDGMENTS

This work was supported by the National Institute on Aging [RO3
AG083596 to C.C. and K.S.] at the National Institutes of Health; the
Swedish Research Council; and ALF project grant, Region Skane/Lund
University, Sweden. The sponsors/funders had no role in the design and
conduct of the study; collection, management, analysis, and interpreta-
tion of the data; preparation, review, or approval of the manuscript; or

decision to submit the manuscript for publication.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest. Author disclosures are

available in the supporting information

CONSENT STATEMENT
Participant consent was not required because this study used only

pseudonymized registry-based secondary data.

ORCID
Casey Crump "' https://orcid.org/0000-0002-2990-1166
REFERENCES

1. World Health Organization. Dementia Fact Sheet. World Health Orga-
nization; 2021.

2. Gauthier S, Rosa-Neto P, Morais JA, Webster C. World Alzheimer
Report 2021: Journey Through the Diagnosis of Dementia.
Alzheimer’s Disease International; 2021.

3. Scheltens P, De Strooper B, Kivipelto M, et al. Alzheimer’s disease.
Lancet. 2021;397:1577-1590.

4. Karttunen K, Karppi P, Hiltunen A, et al. Neuropsychiatric symptoms
and quality of life in patients with very mild and mild Alzheimer’s
disease. Int J Geriatr Psychiatry. 2011;26:473-482.

5. Dorenlot P, Harboun M, Bige V, Henrard JC, Ankri J. Major depres-
sion as a risk factor for early institutionalization of dementia
patients living in the community. Int J Geriatr Psychiatry. 2005;20:
471-478.

6. Nelis SM, Wu YT, Matthews FE, et al. The impact of co-morbidity on
the quality of life of people with dementia: findings from the IDEAL
study. Age Ageing. 2019;48:361-367.

7. Stafford J, Chung WT, Sommerlad A, Kirkbride JB, Howard R. Psychi-
atric disorders and risk of subsequent dementia: systematic review
and meta-analysis of longitudinal studies. Int J Geriatr Psychiatry.
2022:37(5).doi:10.1002/gps.5711

8. Zhao Q, Xiang H, Cai Y, Meng SS, Zhang Y, Qiu P. Systematic eval-
uation of the associations between mental disorders and dementia:


https://orcid.org/0000-0002-2990-1166
https://orcid.org/0000-0002-2990-1166
https://doi.org/10.1002/gps.5711

80of9 Diagnosis, Assessment

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

21

22.

23.
24,
25.

26.

27.

28.

CRUMPET AL.

Disease Monitoring

an umbrella review of systematic reviews and meta-analyses. J Affect
Disord. 2022;307:301-309.

. Chan JYC, Yiu KKL, Kwok TCY, Wong SYS, Tsoi KKF. Depression and

antidepressants as potential risk factors in dementia: a systematic
review and meta-analysis of 18 longitudinal studies. J Am Med Dir
Assoc. 2019;20:279-286 el.

Steffens DC, Fisher GG, Langa KM, Potter GG, Plassman BL. Preva-
lence of depression among older Americans: the aging, demographics
and memory study. Int Psychogeriatr. 2009;21:879-888.

Zubenko GS, Zubenko WN, McPherson S, et al. A collaborative study of
the emergence and clinical features of the major depressive syndrome
of Alzheimer’s disease. Am J Psychiatry. 2003;160:857-866.

Potter GG, Steffens DC. Contribution of depression to cognitive
impairment and dementia in older adults. Neurologist. 2007;13:105-
117.

Asmer MS, Kirkham J, Newton H, et al. Meta-analysis of the prevalence
of major depressive disorder among older adults with dementia. J Clin
Psychiatry. 2018:79(5):30085437.

Ludvigsson JF, Andersson E, Ekbom A, et al. External review and val-
idation of the Swedish national inpatient register. BMC Public Health.
2011;11:450.

Swedish National Board of Health and Welfare. Kodningskvalitet i
patientregistret: Ett nytt verktyg for att mdta kvalitet. Swedish National
Board of Health and Welfare. 2013.

Rizzuto D, Feldman AL, Karlsson IK, Dahl Aslan AK, Gatz M, Pedersen
NL. Detection of dementia cases in two Swedish health registers: a
validation study. J Alzheimers Dis. 2018;61:1301-1310.

Sundquist J, Ohlsson H, Sundquist K, Kendler KS. Common adult psy-
chiatric disorders in Swedish primary care where most mental health
patients are treated. BMC Psychiatry. 2017;17:235.

Kendler KS, Ohlsson H, Lichtenstein P, Sundquist J, Sundquist K. The
genetic epidemiology of treated major depression in Sweden. Am J
Psychiatry.2018;175:1137-1144.

Steck N, Cooper C, Orgeta V. Investigation of possible risk factors for
depressionin Alzheimer’s disease: a systematic review of the evidence.
J Affect Disord. 2018;236:149-156.

Fine JP, Gray RJ. A proportional hazards model for the subdistribution
of a competing risk. JASA. 1999;94:496-509.

Chi S, Wang C, Jiang T, Zhu XC, Yu JT, Tan L. The prevalence of depres-
sion in Alzheimer’s disease: a systematic review and meta-analysis.
Curr Alzheimer Res. 2015;12:189-198.

Leung DKY, Chan WC, Spector A, Wong GHY. Prevalence of depres-
sion, anxiety, and apathy symptoms across dementia stages: a system-
atic review and meta-analysis. Int J Geriatr Psychiatry. 2021;36:1330-
1344.

Arbus C, Gardette V, Cantet CE, et al. Incidence and predictive factors
of depressive symptoms in Alzheimer’s disease: the REAL.FR study. J
Nutr Health Aging. 2011;15:609-617.

Holtzer R, Scarmeas N, Wegesin DJ, et al. Depressive symptoms in
Alzheimer’s disease: natural course and temporal relation to function
and cognitive status. J Am Geriatr Soc. 2005;53:2083-2089.
Camacho-Arteaga LF, Gardarsdottir H, Ibanez L, et al. Indications
related to antidepressant prescribing in the Nivel-PCD database and
the SIDIAP database. J Affect Disord. 2022;303:131-137.
Abbing-Karahagopian V, Huerta C, Souverein PC, et al. Antidepressant
prescribing in five European countries: application of common defini-
tions to assess the prevalence, clinical observations, and methodologi-
cal implications. Eur J Clin Pharmacol. 2014;70:849-857.

Eikelboom WS, Pan M, Ossenkoppele R, et al. Sex differences in
neuropsychiatric symptoms in Alzheimer’s disease dementia: a meta-
analysis. Alzheimers Res Ther. 2022;14:48.

Girgus JS, Yang K, Ferri CV. The gender difference in depression:
are elderly women at greater risk for depression than elderly men?
Geriatrics (Basel). 2017;2.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Gilley DW, Wilson RS, Bienias JL, Bennett DA, Evans DA. Predictors of
depressive symptoms in persons with Alzheimer’s disease. J Gerontol B
Psychol Sci Soc Sci. 2004;59:P75-83.

Prince M, Acosta D, Ferri CP, et al. Dementia incidence and mortality in
middle-income countries, and associations with indicators of cognitive
reserve: a 10/66 Dementia Research Group population-based cohort
study. Lancet. 2012;380:50-58.

Evans DA, Hebert LE, Beckett LA, et al. Education and other mea-
sures of socioeconomic status and risk of incident Alzheimer disease
in a defined population of older persons. Arch Neurol. 1997;54:1399-
1405.

Stern Y, Gurland B, Tatemichi TK, Tang MX, Wilder D, Mayeux R. Influ-
ence of education and occupation on the incidence of Alzheimer’s
disease. JAMA. 1994;271:1004-1010.

Walters K, Breeze E, Wilkinson P, Price GM, Bulpitt CJ, Fletcher
A. Local area deprivation and urban-rural differences in anxiety and
depression among people older than 75 years in Britain. Am J Public
Health. 2004;94:1768-1774.

Alcaniz M, Riera-Prunera MC. Sole-Auro A. “When | Retire, I'll Move
Out of the City”: mental well-being of the elderly in rural vs. urban
settings. Int J Environ Res Public Health. 2020:17.

Hoare E, Jacka F, Berk M. The impact of urbanization on mood disor-
ders: an update of recent evidence. Curr Opin Psychiatry. 2019;32:198-
203.

Weden MM, Shih RA, Kabeto MU, Langa KM. Secular Trends in
Dementia and Cognitive Impairment of U.S. Rural and Urban Older
Adults. Am J Prev Med. 2018;54:164-172.

Jia J, Wang F, Wei C, Zhou A, Jia X, Li F, et al. The prevalence
of dementia in urban and rural areas of China. Alzheimers Dement.
2014;10:1-9.

Alb’ool B. Abu Khait A. The presence and severity of neuropsychiatric
symptoms and their association with quality of life among patients
with dementia. Cogn Neuropsychiatry. 2023;28(4):307-325.
Mukherjee A, Biswas A, Roy A, Biswas S, Gangopadhyay G, Das
SK. Behavioural and psychological symptoms of dementia: corre-
lates and impact on caregiver distress. Dement Geriatr Cogn Dis Extra.
2017;7:354-365.

Siu AL, U. S. Preventive Services Task Force, Bibbins-Domingo K, et al.
Screening for depression in adults: US Preventive Services Task Force
recommendation statement. JAMA. 2016;315:380-387.

Pinquart M, Duberstein PR, Lyness JM. Treatments for later-life
depressive conditions: a meta-analytic comparison of pharmacother-
apy and psychotherapy. Am J Psychiatry. 2006;163:1493-1501.

Olin JT, Schneider LS, Katz IR, et al. Provisional diagnostic criteria for
depression of Alzheimer disease. Am J Geriatr Psychiatry. 2002;10:125-
128.

Teng E, Ringman JM, Ross LK, et al. Diagnosing depression in
Alzheimer disease with the national institute of mental health provi-
sional criteria. Am J Geriatr Psychiatry. 2008;16:469-477.

Orgeta V, Leung P, Del-Pino-Casado R, et al. Psychological treatments
for depression and anxiety in dementia and mild cognitive impairment.
Cochrane Database Syst Rev. 2022;4:CD009125.

Noone D, Stott J, Aguirre E, Llanfear K, Spector A. Meta-analysis of
psychosocial interventions for people with dementia and anxiety or
depression. Aging Ment Health. 2019;23:1282-1291.

Watt JA, Goodarzi Z, Veroniki AA, et al. Comparative efficacy
of interventions for reducing symptoms of depression in people
with dementia: systematic review and network meta-analysis. BMJ.
2021;372:n532.

Marti-Juan G, Sanroma G, Piella G, Alzheimer’s Disease Neuroimag-
ing |, the Alzheimer’s Disease Metabolomics Consortium. Revealing
heterogeneity of brain imaging phenotypes in Alzheimer’s disease
based on unsupervised clustering of blood marker profiles. PLoS ONE.
2019;14:e0211121.



CRUMP ET AL.

Diagnosis, Assessment 90of9

48. Kessler RC, Wang PS. The descriptive epidemiology of commonly
occurring mental disorders in the United States. Annu Rev Public
Health. 2008;29:115-129.

49. Migliorelli R, Teson A, Sabe L, Petracchi M, Leiguarda R, Starkstein SE.
Prevalence and correlates of dysthymia and major depression among
patients with Alzheimer’s disease. Am J Psychiatry. 1995;152:37-44.

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

Disease Monitoring

How to cite this article: Crump C, Sieh W, Vickrey BG,
Edwards AC, Sundquist J, Sundquist K. Risk of depression in
persons with Alzheimer’s disease: A national cohort study.
Alzheimer’s Dement. 2024;16:€12584.
https://doi.org/10.1002/dad2.12584


https://doi.org/10.1002/dad2.12584

	Risk of depression in persons with Alzheimer’s disease: A national cohort study
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study population and dementia ascertainment
	2.2 | Outcome ascertainment
	2.3 | Covariates
	2.4 | Statistical analysis

	3 | RESULTS
	3.1 | AD or all-cause dementia and risk of major depression
	3.2 | Secondary analyses

	4 | DISCUSSION
	4.1 | Strengths and limitations

	5 | CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


