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Abstract

Background. Depression is a risk factor for dementia and weight change can appear as a
symptom of depression. However, the association between weight change after the diagnosis
of depression and the risk of dementia is poorly established. This study aimed to investigate
the association between weight change before and after a diagnosis of depression with the sub-
sequent risk of dementia.
Methods. The National Health Insurance Sharing Service database was used. 1 308 730
patients aged ⩾40 years diagnosed with depression were identified to be eligible. Weight
changes after their depression diagnosis were categorized and subsequent incidence of demen-
tia was followed up.
Results. During an average follow-up period of 5.2 years (S.D., 2.0 years), 69 373 subjects were
newly diagnosed with all-cause dementia (56 351 were Alzheimer’s disease and 6877 were vas-
cular dementia). Regarding all outcomes, compared to those with a minimal weight change
(−5 to 5%), all groups with weight gain or loss showed increased risks of dementia after
adjusting potential risk factors for dementia, in all analysis models with a dose–response rela-
tionship, showing a U-shaped association.
Conclusions. Weight change as a symptom of depression could be a predictor for the future
development of dementia.

Introduction

Depression is associated with about a 2-fold increased risk of Alzheimer’s disease (AD), the
most common form of dementia (Ownby, Crocco, Acevedo, John, & Loewenstein, 2006).
Although depression often precedes dementia, there have been debates on whether depression
is a modifiable risk factor for dementia or a preclinical/prodromal disease for it. Studies have
shown that amyloid β (Aβ) deposition, the initial hallmark pathology of AD, begins decades
before the symptom onset of AD (Jack et al., 2013; Villemagne et al., 2013). A large longitu-
dinal cohort study followed the trajectory of depression before dementia over 28 years and
revealed that the difference in depressive symptoms between those with and without dementia
became apparent 11 years before the diagnosis of dementia, while depressive symptoms in the
early phase of the study did not increase the risk of dementia, suggesting depression as a pro-
dromal/preclinical feature of dementia rather than a modifiable risk factor for it
(Singh-Manoux et al., 2017). Another longitudinal study showed that even depression was
associated with an increased risk of dementia, this was accounted for by people developing
dementia within 5 years of depression, and the use of antidepressants did not decrease the
risk of dementia (Almeida, Hankey, Yeap, Golledge, & Flicker, 2017). Whereas, a study of peo-
ple with mild cognitive impairment (MCI) and a history of depression showed that the use of
antidepressants was associated with a delayed progression to AD (Bartels, Wagner,
Wolfsgruber, Ehrenreich, & Schneider, 2018).

Although the causal relationship between depression and dementia remains questionable,
considering that at least 20% of people with dementia experience depression, clinicians should
be concerned about the development of subsequent dementia, particularly in people with
late-onset depression (Rubin, 2018). The manifestations of symptoms in people with depres-
sion are highly heterogeneous. Notably, previous studies have reported that among the depres-
sive symptoms, appetite/weight loss was uniquely associated with an increased risk of
neurocognitive deficit and dementia (Potter, McQuoid, & Steffens, 2015; Saha, Hatch,
Hayden, Steffens, & Potter, 2016). However, among the general population, obesity is one
of the risk factors for dementia; a meta-analysis study reported obesity, which is defined as
a body mass index (BMI) ⩾30 kg/m2, to be associated with late-life dementia (Albanese
et al., 2017). Moreover, weight loss of ⩾2 kg in people with BMI ⩾25 was associated with
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improvement in attention and memory (Veronese et al., 2017).
This suggests that weight changes in patients with depression
may have a different effect on the development of dementia com-
pared to the general population.

Meanwhile, the results of previous studies have suggested that
the relationship between weight and dementia could be more
complex. While obesity in middle age increases the risk of demen-
tia in older age (Gustafson, Rothenberg, Blennow, Steen, & Skoog,
2003; Whitmer, Gunderson, Barrett-Connor, Quesenberry, &
Yaffe, 2005), obesity or overweight in late-life showed a protective
effect for dementia (Atti et al., 2008; Natale, Zhang, Hanes, &
Clouston, 2023). In addition, there seems a sex difference in the
effects of weight on the risk of dementia; the effect of obesity in
middle age was more apparent in women (Goble, 2005).

While multiple interaction effects are suggested and the under-
lying mechanisms are far from being understood, weight change,
particularly in middle and old age, seems to be a predictor for
future dementia. In addition, considering the increased risk of
dementia in patients with depression and the characteristics of
depression in that clinical types are distinguishable according to
age at onset or cluster of symptoms, the weight change in them
could give important information in predicting future dementia.
However, data that analyzed the association between weight
changes in people with depression and the subsequent develop-
ment of dementia with consideration of other risk factors for
dementia is still lacking. This study aimed to investigate the asso-
ciation between weight change before and after a diagnosis of
depression with the subsequent risk of dementia using South
Korean national cohort data.

Methods

Data source

We used the National Health Insurance Sharing Service (NHISS)
database provided by the National Health Insurance Service
(NHIS) of South Korea (Lee, Lee, Park, Shin, & Kim, 2017).
NHIS is a government organization in charge of operating a man-
datory universal health insurance service covering the South
Korean population of over 50 million. The NHISS database
involves medical service claims data including admissions, out-
patient clinic visits, emergency room visits, pharmaceutical ser-
vice uses, and health screening programs. The general health
screening program of South Korea is one of the world’s largest
health screening programs and aims at the prevention and early
intervention of common chronic diseases (Shin, Cho, Park, &
Cho, 2022).

The data of NHISS are anonymized and the Institutional
Review Board of Samsung Medical Center exempted this study
from review because this study involved retrospective analyses
of de-identified data (No. SMC 2022-05-118).

Identification of eligible subjects

Between 2010 and 2016, 4 805 617 were newly diagnosed with
depression. The diagnosis of depression was defined as the F32
or F33 code of the International Statistical Classification of
Disease and Related Health problems 10th revision (ICD-10).
We extracted 1 308 730 eligible subjects ⩾40 years of age who
received health screening programs within 2 years before the diag-
nosis of depression (first health screening) and within 2 years
after diagnosis (second health screening), respectively, excluding

those who had a previous diagnostic history of dementia between
2002 and the day of second health screening. We followed up on
the incidence of dementia from the day of the second health
screening program until December 2019 (Fig. 1).

Weight changes

Through the data from two health screening programs, we iden-
tified the subjects’ weight changes from the first health screening
(conducted within 2 years before the diagnosis of depression) to
the second health screening (conducted within 2 years after the
diagnosis of depression). And, depending on the proportion of
weight change, we classified subjects into five groups: <-10%,
−10 to −5%, −5 to 5%, 5 to 10%, and ⩾10%.

Outcomes

The main outcome was a new diagnosis of dementia based on the
ICD-10 diagnostic code including AD (F00 or G30), VD (F01),
and other dementia (F02, F03, or G31) and prescription of one
or more dementia medications such as donepezil, galantamine,
rivastigmine, and memantine. In South Korea, to file expense
claims for the prescription of these medications, physicians
need to document evidence of cognitive dysfunction according
to National Health Insurance Reimbursement criteria: a Mini
Mental State Examination (MMSE) (Baek, Kim, Park, & Kim,
2016) ⩽26 and either a Clinical Dementia Rating (CDR) (Berg,
1984) ⩾1 or a Global Deterioration Scale (GDS) (Reisberg,
Ferris, de Leon, & Crook, 1982) ⩾3 (Yoo et al., 2020). When a
subject had more than one code of dementia, the primary diag-
nostic code was used. If both AD and VD codes were present
in the secondary diagnostic codes, the subject was classified
based on the primary diagnostic code at the subsequent hospital
visit, and if both codes remained as secondary diagnostic codes at
that time, the subject was classified as the other dementias group.

Covariates

We identified subjects’ baseline characteristics through the data
obtained on the second health screening day. Low income was
defined as less than the bottom 20% of the total premium of
insurance payment, which is determined by income level.
Subjects’ body mass index (BMI), waist circumference, smoking
status, alcohol drinking, and physical activity were also identified.
Those who performed vigorous-intensity physical activity ⩾3 days
or moderate-intensity physical activity ⩾5 days per week were
considered to engage in regular physical activity (Pescatello,
Riebe, & Thompson, 2014). In addition, age, sex, previous med-
ical history of diabetes (ICD-10 code of E11, E12, E13, or E14
and one or more prescriptions of antidiabetic medication or fast-
ing glucose level ⩾126 mg/dl), hypertension (one or more pre-
scriptions of antihypertensive agents under ICD-10 code of
I10–13 or I15 or a systolic/diastolic blood pressure ⩾140/90
mmHg), dyslipidemia (one or more prescriptions of anti-
hyperlipidemic agents under ICD-10 code of E78 or total choles-
terol ⩾240 mg/dl), hearing loss (a history of disability determin-
ation) and traumatic brain injury (ICD-10 code of S06) were
identified through medical records.

Statistical analysis

Baseline demographic and clinical characteristics were presented
as mean ± standard deviation (S.D.) for continuous variables and
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numbers with percentages for categorical variables. An analysis of
variance and a χ2 test was used to compare the variables accord-
ing to the weight change group. The incidence rates of all-cause
dementia, AD, and VD were calculated and presented per 1000
person-years.

Cox proportional hazard regression analyses were conducted
to investigate the association between weight change before and
after the diagnosis of depression with the occurrence of outcomes.
Hazard ratios and corresponding 95% confidence intervals were
presented. Model 1 was non-adjusted, Model 2 was adjusted for
age and sex, Model 3 was adjusted for low income, hearing loss,
traumatic brain injury, hypertension, diabetes mellitus, dyslipide-
mia, current alcohol drinking, current smoking, and regular phys-
ical activity in addition to Model 2, and Model 4 was adjusted for
baseline BMI in addition to Model 3. In addition, subgroup ana-
lyses were conducted according to sex and age group, and the
interaction effects were examined.

Results

Baseline characteristics

Table 1 shows the baseline characteristics of subjects by weight
change group. The mean age of those with weight change of
<-10%, −10 to −5%, −5 to 5%, 5 to 10%, and ⩾10% were 62.6
years (S.D., 12.2 years), 61.1 years (S.D., 11.2 years), 59.2 years
(S.D., 10.6 years), 58.4 years (S.D., 10.9 years), and 58.8 years
(S.D., 11.7 years). The proportion of females was highest in
those with a weight change of <-10% (65.6%) and lowest in
those with a weight change of −5 to 5% (58.8%). The BMI was
lowest in those with a weight change of <-10% and increased as
the weight change increased.

Incidence of dementia

The average follow-up period was 5.2 years (S.D., 2.0 years) (online
Supplementary Table S1). 69 373 subjects were newly diagnosed
with dementia with an incidence rate of 10.2 per 1000 person-
years. Among them, 56 351 were diagnosed with AD with an inci-
dence rate of 8.3 per 1000 person-years, and 6877 were diagnosed

with VD with an incidence rate of 1.0 per 1000 person-years
(online Supplementary Fig. S1).

Risks of dementia according to weight changes

Table 2 shows the HRs and corresponding 95% CIs of weight
change groups on the risk of newly diagnosed dementia.
Regarding all outcomes, compared to those with a minimal weight
change (−5 to 5%), all groups with weight gain or loss showed
increased risks of dementia, in all analysis models with a dose–
response relationship, showing a U-shaped association.

In the fully adjusted model, compared to those with weight
change of −5 to 5%, those with weight loss (adjusted hazard
ratio [aHR], 1.49 [95% CI 1.45–1.54] for <−10%; aHR, 1.22
[95% CI 1.20–1.25] for −10 to −5%) and those with weight
gain (aHR, 1.17 [95% CI 1.14–1.20] for 5 to 10%; aHR, 1.47
[95% CI 1.42–1.53] for ⩾10%) showed increased risks of all
dementia. Likewise, in terms of AD, compared to those with
weight change of −5 to 5%, those with weight loss (aHR, 1.47
[95% CI 1.42–1.52] for <−10%; aHR, 1.21 [95% CI 1.18–1.24]
for −10 to −5%) and those with weight gain (aHR, 1.15 [95%
CI 1.11–1.18] for 5 to 10%; aHR, 1.44 [95% CI 1.39–1.51] for
⩾10%) showed increased risks of AD. And in terms of VD, com-
pared to those with weight change of −5 to 5%, those with weight
loss (aHR, 1.66 [95% CI 1.50–1.83] for <−10%; aHR, 1.32 [95%
CI 1.24–1.42] for −10 to −5%) and those with weight gain
(aHR, 1.24 [95% CI 1.14–1.34] for 5 to 10%; aHR, 1.77 [95%
CI 1.58–1.98] for ⩾10%) showed increased risks of VD (Fig. 2
and online Supplementary Fig. S2).

Subgroup analyses

Table 3 shows the subgroup analyses according to sex and age
groups. There were significant interaction effects between sex
and weight change on the occurrence of all dementias ( p-value
for interaction = 0.013) and AD ( p-value for interaction =
0.017). The increased risks of all dementia and AD by weight
loss or gain were prominent in male subjects. There also were sig-
nificant interaction effects between age groups and weight change
on all dementias ( p-value for interaction <0.001), AD ( p-value

Figure 1. Flow chart showing the identification of
subjects.
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for interaction <0.001), and VD ( p-value for interaction = 0.003).
The increased risks of all dementias, AD, and VD by weight loss
or gain were greater when subjects were younger.

Online Supplementary Tables S2–S4 show the results accord-
ing to age at onset of depression and the presence of recurrent
depression. Overall, the pattern of outcome in each subgroup
was similar to the main outcome. However, the risk of dementia
according to weight change was more prominent in those who
developed depression before the age of 60 compared to those
with late onset (⩾60 years) ( p-value for interaction <0.001).

Sensitivity analyses

Online Supplementary Tables S5 and S6 show the results among
those with ages <55 years and ⩾55 years based on the index date,
respectively. The occurrence of dementia was lower in those with
age <55 years (4%) compared to those over 55 years old (26.6%).
However, the pattern of dementia risks according to weight
change was similar to the main outcome.

Discussion

In this population-based cohort study, we found a U-shaped asso-
ciation between weight change before and after the diagnosis of

depression and the subsequent occurrence of dementia.
Compared to those whose weight change was within 5%, those
who gained or lost more than 5% had increased risks of all-cause
dementia, AD, and VD, with a dose-response relationship. In
addition, the lower the age at the onset of depression, the stronger
the association between weight change and the risk of dementia.

To our knowledge, this study is the first to examine the asso-
ciation between weight changes after the diagnosis of depression
and the risk of dementia, and it is difficult to directly compare
the results with those of previous studies using the same method-
ology. However, a study that looked at the risk of dementia
according to weight change in type 2 diabetes patients from the
same data source showed that weight loss or weight gain of
more than 10% increased the risk of dementia (34–38%), while
the weight changes within 5–10% did not increase the risk of
dementia (Nam et al., 2019). In comparison, in our study, the
risk of dementia increased even with a smaller weight change,
and the range of increases in risks was also larger.

While the underlying explanations for the association between
weight change and the increased risk of dementia in patients with
depression remain poorly understood, the severity of depression
might affect the results. The severity of depression is known to
be related to the subsequent risk of dementia (Chen et al.,

Table 1. Baseline characteristics of subjects by weight change

Weight change (%)

p value
<−10

(n = 39 635)
−10 to −5
(n = 141 303)

−5 to 5
(n = 947 567)

5 to 10
(n = 140 289)

⩾10 (n = 39
936)

Sex <0.001

Male 13 649 (34.4) 52 454 (37.1) 390 052 (41.2) 52 477 (37.4) 15 083 (37.8)

Female 25 986 (65.6) 88 849 (62.9) 557 515 (58.8) 87 812 (62.6) 24 853 (62.2)

Age group <0.001

40–49 years 6592 (16.6) 23 572 (16.7) 188, 686 (19.9) 32 889 (23.4) 9990 (25.0)

50–59 years 9737 (24.6) 40 360 (28.6) 307 883 (32.5) 45 050 (32.1) 11 756 (29.4)

60–69 years 9600 (24.2) 38 560 (27.3) 260 457 (27.5) 35 599 (25.4) 9285 (23.3)

70–79 years 10 208 (25.8) 31 459 (22.3) 162 729 (17.2) 22 566 (16.1) 7062 (17.7)

⩾80 years 3498 (8.8) 7352 (5.2) 27 812 (2.9) 4185 (3.0) 1843 (4.6)

Age (years) 62.6 ± 12.2 61.1 ± 11.2 59.2 ± 10.6 58.4 ± 10.9 58.8 ± 11.7 <0.001

Low income 8434 (21.3) 28 799 (20.4) 183 716 (19.4) 28 929 (20.6) 9117 (22.8) <0.001

BMI (kg/m2) 21.8 ± 3.1 22.9 ± 3.0 24.1 ± 3.1 24.8 ± 3.2 25.3 ± 3.6 <0.001

Waist circumference 77.5 ± 9.1 79.0 ± 8.7 81.5 ± 8.8 82.7 ± 8.9 83.8 ± 9.3 <0.001

Current smoking 4841 (12.2) 19 034 (13.5) 124 843 (13.2) 17 608 (12.6) 5345 (13.4) <0.001

Current alcohol
drinking

8260 (20.8) 37 467 (26.5) 308 208 (32.5) 43 743 (31.2) 11 011 (27.6) <0.001

Regular physical
activity

7454 (18.8) 29 802 (21.1) 206 655 (21.8) 27 411 (19.5) 6914 (17.3) <0.001

Diabetes mellitus 9296 (23.5) 28 058 (19.9) 142 323 (15.0) 19 678 (14.0) 6874 (17.2) <0.001

Hypertension 20 200 (51.0) 65 874 (46.6) 406 739 (42.9) 59 598 (42.5) 18 134 (45.4) <0.001

Dyslipidemia 14 498 (36.6) 51 704 (36.6) 341 399 (36.0) 52 270 (37.3) 15 418 (38.6) <0.001

Hearing loss 620 (1.6) 1883 (1.3) 10 301(1.1) 1593 (1.1) 497 (1.2) <0.001

Traumatic brain injury 2557 (6.5) 8071 (5.7) 48 241 (5.1) 7965 (5.7) 2686 (6.7) <0.001

BMI, body mass index.
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Table 2. Hazard ratios and 95% confidence intervals of weight change on the occurrence of dementia

Weight change (%) N Events Duration (person-year) Incidence rate (per 1000 person-years)

Hazard ratio (95% confidence intervals)

Model 1 Model 2 Model 3 Model 4

All dementias

<−10 39 635 4790 195 920 24.5 2.79 (2.71– 2.88) 1.65 (1.60–1.70) 1.58 (1.54–1.63) 1.49 (1.45–1.54)

−10 to −5 141 303 11 157 742 723 15.0 1.71 (1.67–1.74) 1.29 (1.26–1.31) 1.26 (1.23–1.28) 1.22 (1.20–1.25)

−5 to 5 947 567 43 658 4 972 495 8.8 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

5 to 10 140 289 6855 705 690 9.7 1.12 (1.09–1.14) 1.16 (1.14–1.19) 1.15 (1.12–1.18) 1.17 (1.14–1.20)

⩾10 39 936 2913 193 901 15.0 1.74 (1.67–1.80) 1.49 (1.43–1.54) 1.45 (1.40–1.51) 1.47 (1.42–1.53)

Alzheimer’s disease

<−10 39 635 3918 195 920 20.0 2.81 (2.72–2.90) 1.62 (1.57–1.68) 1.56 (1.51–1.61) 1.47 (1.42–1.52)

−10 to −5 141 303 9078 742 723 12.2 1.70 (1.67–1.74) 1.27 (1.24–1.30) 1.24 (1.21–1.27) 1.21 (1.18–1.24)

−5 to 5 947 567 35 547 4 972 495 7.2 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

5 to 10 140 289 5478 705 690 7.8 1.10 (1.07–1.13) 1.14 (1.11–1.18) 1.13 (1.10–1.17) 1.15 (1.11–1.18)

⩾10 39 936 2340 193 901 12.1 1.72 (1.65–1.79) 1.45 (1.39–1.52) 1.42 (1.36–1.48) 1.44 (1.39–1.51)

Vascular dementia

<−10 39 635 462 195 920 2.4 2.75 (2.50–3.03) 1.82 (1.65–2.00) 1.72 (1.56–1.89) 1.66 (1.50–1.83)

−10 to −5 141 303 1107 742 723 1.5 1.74 (1.63–1.86) 1.39 (1.30–1.48) 1.35 (1.26–1.44) 1.32 (1.24–1.42)

−5 to 5 947 567 4260 4 972 495 0.9 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

5 to 10 140 289 717 705 690 1.0 1.19 (1.10–1.28) 1.24 (1.15–1.35) 1.23 (1.13–1.33) 1.24 (1.14–1.34)

⩾10 39 936 331 193 901 1.7 1.99 (1.78–2.23) 1.81 (1.62–2.03) 1.75 (1.56–1.96) 1.77 (1.58–1.98)

Model 1, non-adjusted; Model 2, adjusted for age and sex; Model 3, adjusted for age, sex, low income, hearing loss, traumatic brain injury, hypertension, diabetes mellitus, dyslipidemia, current alcohol drinking, current smoking, and regular physical
activity; Model 4, adjusted for age, sex, low income, hearing loss, traumatic brain injury, hypertension, diabetes mellitus, dyslipidemia, current alcohol drinking, current smoking, regular physical activity, and baseline body mass index.
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2008), and since a change in appetite or weight is a symptom of
depression, more severe depression could cause larger changes in
weight. Often, many patients experience decreased appetite and
weight loss, but some patients, especially those with atypical fea-
tures, experience weight/appetite gain as a reversed neurovegeta-
tive symptom (American Psychiatric Association, 2013). In the
present study, both weight loss and gain were in a dose–response
relationship with dementia, which may be mediated by the sever-
ity of depression. In addition, factors that can be induced by
symptoms of depression and are risk factors for dementia, such
as alcohol consumption, smoking, social isolation, and physical
inactivity (Livingston et al., 2020), might affect the results.

Regarding weight gain, obesity due to weight gain might
increase the risk of dementia. Previous studies have consistently
shown the result that obesity increases the risk of dementia
(Albanese et al., 2017; Kivimäki et al., 2018). Obesity contri-
butes to incident cardiovascular risk factors (Powell-Wiley
et al., 2021), which can be a possible mechanism that increases
the risk of VD. However, in the present study, the risk of
dementia in Model 3 (in which baseline BMI was not adjusted)
was similar to that in Model 4 (in which baseline BMI was
adjusted), bolstering evidence that the weight change per se
could be a risk factor for dementia independent of BMI.
Regarding weight loss, our results are consistent with the results
of a study conducted among elderly patients with depression,
where the appetite and weight loss symptoms were associated
with an increased risk of AD (HR of 1.69) and non-AD (HR
of 2.10) (Saha et al., 2016). Dementia has been known as an
important cause of weight loss (Shatenstein, Kergoat, &
Nadon, 2001), and previous studies suggest that weight loss may
have appeared as a preclinical symptom of dementia through ana-
lysis of trajectory before the diagnosis of MCI or dementia (Guo
et al., 2022; Stewart et al., 2005). The volume changes in the mesial
temporal cortex (Grundman, Corey-Bloom, Jernigan, Archibald, &
Thal, 1996) and Apolipoprotein E (APOE) ϵ4 allele (Jefferson et al.,
2001; Vanhanen et al., 2001) have been suggested as possible
mechanisms of the weight loss in dementia. Considering the
maximum duration of the follow-up period of dementia
from the index date in our study was less than 10 years, weight
loss could be a preclinical symptom of dementia since the
initial pathologic change of AD, the accumulation of Aβ is
generally known to precede symptoms by 10–15 years (Drew,
2018).

Several methodological issues limit interpretations of our find-
ings. First, the diagnosis of depression was based only on diagnos-
tic codes but not structured evaluation. Second, only those who
had participated in consecutive health screening programs before
and after the initial diagnosis of depression were included.
Therefore, those included in the analyses were more likely to
engage in health-promoting behavior or might have already
experienced some physical or mental discomfort or symptoms
than those excluded from the analyses due to a lack of health
screening data. Third, the temporal relationship between the diag-
nosis of depression and weight change is not determined.
Previous studies have suggested the bidirectional relationships
between weight and depression (Emery, Finkel, Gatz, & Dahl
Aslan, 2020) and between weight and cognitive change
(Karlsson, Zhan, Gatz, Reynolds, & Dahl Aslan, 2021).
Therefore, weight could have changed first, leading to subsequent
depression, and then to increased risk of dementia, or depression
could have occurred first, leading to subsequent weight change.
Also, the results of our study do not provide information about
weight changes over a longer period after diagnosis of depression.
Fourth, although we excluded those who developed dementia
before the diagnosis of depression, the pathology of dementia
might have started earlier, which could have resulted in a reversed
causal inference. Fifth, the treatment factors for depression were
not included in the analysis. In particular, it is known that anti-
depressants have different profiles for weight gain depending on
the drug (M et al., 2011), but an analysis considering these char-
acteristics has not been performed. Sixth, the analyses did not
include the severity of depression, which, as mentioned above,
is likely to mediate the association between weight change and
dementia. Finally, the follow-up time was relatively short, which
might be insufficient to observe the occurrence of dementia, espe-
cially at younger ages.

Despite these limitations, our study has strengths in that
dementia was followed longitudinally in a large sample with
depression, and its relevance was analyzed by comprehensively
correcting for potential risk factors for dementia. In addition,
we defined the occurrence of dementia through both the diagnos-
tic codes and the prescription of dementia drugs. For the prescrip-
tion of these drugs, evaluation through MMSE and CDR (or
GDS) must be performed and the criteria must be met.
Therefore, this definition could have reduced the overdiagnosis
or misdiagnosis of dementia and reflected the occurrence of the

Figure 2. Forest plots showing the hazard ratios and corresponding 95% confidence intervals of weight changes on the risk of the occurrence of dementia.
Adjusted for age, sex, low income, hearing loss, traumatic brain injury, hypertension, diabetes mellitus, dyslipidemia, current alcohol drinking, current smoking,
regular physical activity, and baseline body mass index.
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Table 3. Adjusted hazard ratios and 95% confidence intervals by weight change in subgroups according to sex and age group

All-cause dementia Alzheimer’s disease Vascular dementia

Weight change (%) Events IR* aHR (95% CIs)b Events IRa aHR (95% CIs)† Events IRa aHR (95% CIs)b

Sex

Males

<−10 1522 24.0 1.50 (1.42–1.58) 1201 18.9 1.48 (1.40–1.57) 180 2.8 1.73 (1.48–2.02)

−10 to −5 3979 15.0 1.24 (1.19–1.28) 3140 11.8 1.24 (1.18–1.27) 459 1.7 1.34 (1.21–1.49)

−5 to 5 17 098 8.5 1 (Ref.) 13 471 6.7 1 (Ref.) 1911 1.0 1 (Ref.)

5 to 10 2761 10.7 1.22 (1.18–1.27) 2145 8.3 1.22 (1.15–1.26) 320 1.2 1.26 (1.12–1.42)

⩾10 1124 15.7 1.55 (1.46–1.65) 881 12.3 1.54 (1.44–1.65) 149 2.1 1.87 (1.58–2.21)

Females

<−10 3268 24.7 1.49 (1.43–1.54) 2717 20.5 1.46 (1.40–1.52) 282 2.1 1.61 (1.42–1.83)

−10 to −5 7178 15.1 1.22 (1.18–1.25) 5938 12.5 1.20 (1.16–1.23) 648 1.4 1.31 (1.20–1.43)

−5 to 5 26 560 9.0 1 (Ref.) 22 076 7.5 1 (Ref.) 2349 0.8 1 (Ref.)

5 to 10 4094 9.1 1.13 (1.09–1.17) 3333 7.4 1.11 (1.07–1.15) 397 0.9 1.22 (1.09–1.35)

⩾10 1789 14.6 1.43 (1.36–1.50) 1459 11.9 1.39 (1.32–1.47) 182 1.5 1.69(1.45–1.96)

p for interaction 0.013 0.017 0.854

Age group

40–49

<−10 23 0.7 2.47 (1.61–3.78) 12 0.3 2.22 (1.23–4.00) 6 0.2 2.21 (0.96–5.07)

−10 to −5 41 0.3 1.19 (0.85–1.65) 25 0.2 1.25 (0.82–1.90) 14 0.1 1.39 (0.79–2.45)

−5 to 5 263 0.3 1 (Ref.) 152 0.2 1 (Ref.) 78 0.1 1 (Ref.)

5 to 10 55 0.3 1.30 (0.97–1.74) 34 0.2 1.39 (0.96–2.02) 13 0.1 1.03 (0.57–1.86)

⩾10 43 0.9 3.62 (2.62–5.00) 25 0.5 3.67 (2.40–5.60) 13 0.3 3.54 (1.97–6.37)

50–59

<−10 174 3.3 2.37 (2.03–2.77) 123 2.3 2.33 (1.94–2.80) 26 0.5 2.29 (1.54–3.42)

−10 to −5 421 1.9 1.39 (1.25–1.54) 303 1.4 1.39(1.23–1.58) 75 0.3 1.60 (1.25–2.06)

−5 to 5 2130 1.3 1 (Ref.) 1526 0.9 1 (Ref.) 335 0.2 1 (Ref.)

5 to 10 391 1.7 1.35 (1.21–1.51) 266 1.1 1.29 (1.13–1.47) 67 0.3 1.46 (1.12–1.89)

⩾10 156 2.6 2.11 (1.80–2.49) 99 1.7 1.89 (1.54–2.31) 33 0.6 2.71 (1.89–3.87)

60–69

<−10 777 15.7 1.83 (1.70–1.97) 601 12.2 1.79 (1.64–1.94) 102 2.1 2.18 (1.78–2.70)

−10 to −5 2202 10.7 1.34 (1.28–1.40) 1741 8.4 1.34 (1.27–1.41) 247 1.2 1.35 (1.18–1.55)

−5 to 5 9965 7.3 1 (Ref.) 7834 5.8 1 (Ref.) 1126 0.8 1 (Ref.)
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5 to 10 1600 9.0 1.26 (1.19–1.33) 1210 6.8 1.21 (1.14–1.29) 188 1.1 1.28 (1.10–1.50)

⩾10 614 13.6 1.86 (1.72–2.02) 477 10.6 1.85 (1.69–2.03) 89 2.0 2.29 (1.85–2.84)

70–79

<−10 2513 53.8 1.52 (1.46–1.58) 2083 44.6 1.51 (1.45–1.59) 225 4.8 1.56 (1.35–1.79)

−10 to −5 6111 39.8 1.22 (1.19–1.25) 5020 32.7 1.21 (1.17–1.25) 585 3.8 1.32 (1.20–1.45)

−5 to 5 23 462 29.6 1 (Ref.) 19 366 24.4 1 (Ref.) 2132 2.7 1 (Ref.)

5 to 10 3566 33.9 1.15 (1.11–1.19) 2909 27.6 1.14 (1.10–1.18) 352 3.3 1.23 (1.10–1.38)

⩾10 1450 44.9 1.46 (1.38–1.53) 1182 36.6 1.44 (1.36–1.53) 148 4.6 1.62 (1.37–1.92)

⩾80

<−10 1303 106.4 1.27 (1.20–1.35) 1099 89.7 1.25 (1.17–1.33) 103 8.4 1.41 (1.14–1.74)

−10 to −5 2382 83.3 1.10 (1.05–1.15) 1989 69.5 1.07 (1.02–1.13) 186 6.5 1.17 (1.00–1.39)

−5 to 5 7838 70.3 1 (Ref.) 6669 59.8 1 (Ref.) 589 5.3 1 (Ref.)

5 to 10 1243 77.0 1.10 (1.03–1.17) 1059 65.6 1.10 (1.03–1.18) 97 6.0 1.13 (0.91–1.40)

⩾10 650 94.2 1.25 (1.15–1.35) 557 80.7 1.25 (1.15–1.37) 48 7.0 1.24 (0.92–1.66)

p for interaction <0.001 <0.001 0.003

IR, incidence rate; aHR, adjusted hazard ratio; CI, confidence interval.
*Per 1000 person-years.
†Adjusted for age, sex, low income, hearing loss, traumatic brain injury, hypertension, diabetes mellitus, dyslipidemia, current alcohol drinking, current smoking, regular physical activity, and baseline body mass index.
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outcome more accurately. Moreover, the association was consist-
ent across all age groups. In particular, the risk of dementia
according to weight change increased prominently at the young
age group. While previous studies have focused on the association
between late-onset depression and dementia (Almeida et al., 2017;
Vilalta-Franch et al., 2013), our study showed that weight change
increased the risk of dementia in all age groups ⩾40 years. These
suggest that weight change, which appears as a symptom of
depression, can be a strong predictor of dementia.

In conclusion, both weight loss and gain after the diagnosis of
depression were associated with an increased risk of all-cause
dementia, AD, and VD with a dose-response relationship. Our
findings suggest that weight change as a symptom of depression
could be a predictor for the future development of dementia.
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