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Well-established changes to depressive symptoms occur 
over the life course, with decreases in mean depressive 
symptoms occurring from middle age into older adult-
hood and an uptick in symptoms beginning after the 
age of 70 (Best et al., 2021; Sinkewicz et al., 2022; Sutin 
et  al., 2013). Explanations for the rise in depressive 
symptoms after age 70 have included normative age-
related social processes (e.g., shifting social roles) and 
disease-related processes (e.g., functional impairments, 
cerebrovascular disease; Fiske et al., 2009). The ques-
tion we pose is whether the rise in depressive symp-
toms reflects a phenomenon called “terminal decline” 
(Gerstorf & Ram, 2013) in which accelerated worsening 

occurs in proximity to death. Terminal decline has been 
observed in many domains, including cognitive ability 
(Karr et al., 2018), positive and negative affect (Vogel 
et  al., 2013), and well-being (Gerstorf et  al., 2010). 
Although depression has been studied less compared 
with these other health domains, there is also evidence 
pointing to modest increases in depressive symptoms 
in the years preceding death (Sutin et  al., 2013).  
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Abstract
In later older adulthood, individuals report increased depressive symptoms, whereas gender differences in depressive 
symptoms narrow. We evaluated whether terminal decline (i.e., accelerated worsening in proximity to death) explained 
these patterns. We examined the longitudinal trajectories of depressive symptoms in 2,411 participants (baseline age: 
29–95 years) from the Interplay of Genes and Environments Across Multiple Studies consortium representing three 
countries (Sweden, Denmark, and Australia). Joint modeling revealed that individuals reporting larger annual increases 
in depressive symptoms after age 70 were at increased risk of death. Piecewise linear multilevel models with random 
changepoints revealed accelerated increases in depressive symptoms approximately 4 years before death. Co-twin 
control analyses with 98 twin pairs found that the deceased twin had significantly larger accelerations in depressive 
symptoms compared with the surviving twin. Men experienced more severe mortality-related increases compared with 
women. Terminal decline partially explains the increase in depressive symptoms in later older adulthood.
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Understanding whether increases in depressive symp-
toms are related to future mortality and when the puta-
tive acceleration of change occurs can be useful to 
clinicians treating depression.

Differences in depressive symptoms are characteristi-
cally found between genders. At most ages, women tend 
to report more depressive symptoms than men (Salk 
et  al., 2017). However, there is some evidence that 
increases in depressive symptoms after age 70 are 
greater in men compared with in women, resulting in a 
narrowing of gender differences in the oldest old 
(Forlani et al., 2014). Previous work has also suggested 
that the environmental contributions to depressive 
symptoms at later ages may be greater in men compared 
with in women, suggesting that men may be more vul-
nerable to mortality-related increases in depressive 
symptoms (Petkus et al., 2017). It is unknown whether 
there are differences between women and men in ter-
minal increases in depressive symptoms and whether 
such increases explain the narrowing of gender differ-
ences in depressive symptoms in older adulthood.

Here, we conducted a longitudinal study with exist-
ing data from the Interplay of Genes and Environments 
Across Multiple Studies (IGEMS; N. L. Pedersen et al., 
2013, 2019) consortium in which we utilized different 
variations of longitudinal models to examine our pri-
mary research question of whether increases in depres-
sive symptoms in mid-to-late older adulthood represent 
a terminal drop in mood. We first utilized joint model-
ing of longitudinal depressive-symptom data across 
chronological age and time-to-event mortality data to 
test whether trajectories of depressive symptoms across 
later life were predictive of mortality. We then utilized 
a novel random changepoint model to examine when 
mortality-related increases in depressive symptoms 
might occur relative to death. Our primary hypothesis 
was that we would observe increases in depressive 
symptoms beginning in middle older age and that indi-
viduals experiencing larger increases in depressive 
symptoms would be at higher risk of death, indicating 
terminal increases in depressive symptoms. We also 
leveraged the genetically informed design of our sam-
ple to examine whether terminal increases in depres-
sive symptoms are confounded by genetic or familial 
environmental factors by comparing trajectories of 
depressive symptoms in the years preceding the death 
of one twin compared with their co-twin who died later. 
This co-twin control design strengthens causal infer-
ences by adjusting for unmeasured familial and additive 
genetic influences on depressive symptoms (McGue 
et  al., 2010). We hypothesized that the magnitude  
of increases in depressive symptoms in the years lead-
ing up to death would be larger for the deceased  
twins compared with the co-twins who died later. Our 

secondary hypothesis was that the magnitude of termi-
nal increases in depressive symptoms would be greater 
in men compared with in women and thus result in the 
narrowing of gender differences in depressive symp-
toms that occur in the oldest old.
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analyses, participants needed at least three longitudinal 
assessments of depressive symptoms. Furthermore, for 
those participants who were deceased, there needed 
to be at least one observation within 3 years of death. 
The sample was comprised of 1,491 deceased partici-
pants and 920 who were alive at the end of the study 
participation. For the co-twin control analyses, we iden-
tified 98 complete twin pairs (N = 196 individuals) who 
were discordant on mortality status and in which one 
twin survived at least 4 years longer than their co-twin. 
We chose the 4-year limit on the basis of previous 
research suggesting a terminal decline in happiness that 
occurs approximately 4 years before death (Gerstorf 
et  al., 2010). For a flowchart of study participation, see 
Figure 1. A brief description of each IGEMS consortium 
study is provided below, and comparisons of participant 
descriptive statistics by study are presented in Table S1 

in the Supplemental Material available online. All pro-
cedures were reviewed and approved by the institu-
tional review board at each respective institution.

The three Swedish studies were drawn from the 
Swedish Twin Register (STR; Lichtenstein et al., 2006), 
a population-based register of twins born in Sweden 
since 1886. The Swedish Adoption/Twin Study of Aging 
(SATSA; N. L. Pedersen et al., 1991) is a longitudinal 
study that began in 1984. Participants in the SATSA 
completed as many as 17 follow-up assessments in 
approximately 3-year intervals. The Origins of Variance 
in the Oldest-Old: Octogenarian Twins (OCTO-Twin; 
McClearn et al., 1997) study began in 1991 and included 
same-sex twin pairs from the STR over the age of 80 at 
the study baseline. Participants completed as many as 
five assessments in 3-year intervals. The Longitudinal 
Study of Gender Differences in Health Behavior and 

IGEMS Participants With at
Least Three Longitudinal

Assessments of
Depressive Symptoms

N = 4,694

Deceased
N = 3,774

At Least One
Observation

Within 3-years of
Death

N = 1,491

Deceased Before
Co-twin
N = 98

Survived at Least
4 Years Longer
Than Their Twin

N = 98

Non-deceased
N = 920

Analytic
Sample

Analytic
Sample
Co-twin
Control

Fig. 1.  Flowchart of study participation. IGEMS = Interplay of Genes and Environments 
Across Multiple Studies.
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Health Among Elderly (Gold et al., 2002) is a longitu-
dinal study of opposite-sex twin pairs born between 
1916 and 1925. Participants completed a baseline 
assessment in 1995 and as many as five additional 
assessments until 2005. The Danish participants were 
from the Longitudinal Study of Aging Danish Twins 
(LSADT; Christensen et  al., 1999). Twins from the 
LSADT were ascertained from the Danish Twin Registry 
(D. A. Pedersen et  al., 2019) and included same-sex 
twin pairs aged 70 years or older. The LSADT was initi-
ated in 1995 with the enrollment of additional twins in 
1997, 1999, and 2001 and follow-ups every 3 years with 
as many as six assessments in total. Australian partici-
pants were from the Older Australian Twins Study 
(OATS; Sachdev et al., 2009). The OATS began in 2006 
and included twins aged 65 and older from the Austra-
lian Twin Registry who were newly recruited for the 
OATS. Participants in the OATS completed three assess-
ments of depressive symptoms.

Measures

Depressive symptoms.  Three measures of depressive 
symptoms were used in these studies. Twins in the Swed-
ish studies were administered the Center for Epidemio-
logic Studies–Depression (CES-D) scale (Radloff, 1977). 
The CES-D score is a sum of 20 items, each answered 
from 0 to 3 to indicate the frequency of experiencing a 
symptom during the past week. Twins in the Danish 
studies were administered a modified version of the 
Cambridge Mental Disorders of the Elderly Examination 
(CAMDEX; Roth et al., 1986). The CAMDEX consists of 16 
items assessing the frequency of depressive symptoms 
and has acceptable reliability and validity. Australian 
twins were administered the 15-item Geriatric Depres-
sion Scale (GDS-15; Yesavage et al., 1982).

Depressive-symptom harmonization.  To create a 
common depressive-symptom metric, the CESD, CAM-
DEX, and GDS-15 were administered with a separate 
data-harmonization sample. Item response theory meth-
ods, described by Gatz et  al. (2015), were applied to 
compare items from the scales and create a conversion 
table between the scales. The co-calibrated score was 
expressed in CAMDEX units (range = 16–46). For these 
analyses, the harmonized depressive-symptom scores 
were standardized on a T-score metric based on the 
entire data in the IGEMS longitudinal sample as reference 
(M = 22.4, SD = 4.84).

All-cause mortality.  All-cause death was used as an 
outcome. For the Swedish studies, death and date of death 
were determined by record linkage to the National Popu-
lation Register through 2017. For the LSADT, all-cause 

death was determined by linkage to the Danish Civil 
Registration System (C. B. Pedersen et  al., 2006), which 
registers the date of death or emigration of all Danish per-
sons with linkage through January 1, 2023. For the OATS, 
all-cause death was ascertained by linkage to the Centre 
for Health Record Linkage through 2015.

Age and gender.  Information on birth year and gender 
for twins from the LSADT were originally retrieved from 
church records and later verified in the Danish Civil  
Registration System (C. B. Pedersen et  al., 2006; D. A. 
Pedersen et al., 2019). For the SATSA and OCTO-Twin, 
birth year and gender were obtained from parish birth 
records (for twins born before 1925) and birth records at 
Statistics Sweden (for twins born after 1926). These data 
were requested and are maintained by the Swedish Twin 
Registry database (Lichtenstein et al., 2002). Birthday and 
gender were ascertained in the OATS via self-report.

Statistical analysis

A detailed examination of the distribution of data and 
the correlation structure of all variables was completed. 
We jointly modeled the longitudinal depressive data 
and time-to-event mortality data following the steps 
described in published tutorials (Cekic et  al., 2021). 
Here we provide a basic overview of the approach we 
utilized (for a more detailed description of the analyses, 
see the Methods section in the Supplemental Material). 
The joint model addresses the first research question 
by estimating the association between each study par-
ticipant’s trajectory of depressive symptoms and the 
risk of dying. The joint model consists of two submod-
els: a longitudinal multilevel regression estimating the 
average population trajectories of depressive symptoms 
over chronological age (fixed effects) and individual-
specific deviations from the population average trajec-
tory (random effects), and a Cox-proportional hazard 
regression with time to death (or right censoring) as an 
outcome. We first sought to identify the functional form 
of depressive symptoms that best fit the longitudinal 
data across chronological age by comparing the model 
fit of nine multilevel regression models. These multi-
level models included progressively more complex 
specifications of the fixed effect (for the specifications 
of the nine models that were constructed, see Table 
S2). All multilevel models were adjusted for the level 
of depressive symptoms (0 = no, 1 = yes) by the par-
ticipant’s country of origin (Denmark or Australia), with 
Sweden as the reference country. After identifying the 
best fitting functional form of the fixed effects, we 
specified another model that aligned the fixed and ran-
dom effects. The aligned model estimates an analogous 
random effect for every fixed age effect.
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The second submodel in the joint model was a non-
parametric baseline Cox-proportional hazard regres-
sion. The event in this model was whether the individual 
was deceased (0 = nondeceased, 1 = deceased), and 
time was the age of death (for deceased) or last assess-
ment (for nondeceased). The age at first assessment 
was included in the model as the starting age because 
participants were enrolled in each study at different 
ages. The country of origin was also included in each 
model as a covariate.

The joint model was constructed after identifying the 
optimal growth parameters in the longitudinal multilevel 
regression and fitting the time-to-event Cox-proportional 
hazard regression. The joint model utilizes parameters 
that are shared between the longitudinal and time- 
to-event models. These shared parameters quantify  
the associations between the estimated longitudinal 
depressive-symptom trajectories and the risk of death. 
We first ran a “current value” joint model. This model 
estimates the association between the level of depres-
sive symptoms at a specific time point and subsequent 
mortality risk. The second joint model we constructed 
was the “current value plus slope” model. The final joint 
model we estimated included the “shared random 
effects” model. In this model, the random-effect esti-
mates from the longitudinal multilevel model are utilized 
as linear predictors of the risk of death in the Cox-
proportional hazard regression time-to-event submodel. 
The deviance information criterion was used to compare 
the overall fit of each joint model. All joint models were 
run with the R package JMbayes (Rizopoulos, 2016).

After determining the joint model’s best fitting asso-
ciation structure, we examined whether mortality-
related factors drove the putative observed associations. 
To test this, we excluded observations occurring within 
3 years of death and reconstructed the best fitting lon-
gitudinal mixed-effects model of depressive symptoms 
and the joint model.

Next, to examine the trajectories of depressive symp-
toms in the years leading up to death and identify when 
mortality-related increases in symptoms might occur 
relative to the time of death, we constructed a piecewise 
linear multilevel model with a random changepoint 
(Capuano & Wagner, 2023). In this model, we utilized 
a backward time scale with time representing the num-
ber of years until death (range = −30.2 to < 0) or the 
last assessment at each depressive-symptom measure-
ment (range = −27.63 to 0). We centered the backward 
time scale on 1 year before death (for deceased par-
ticipants) or the last depressive-symptom assessment 
(for nondeceased participants). This multilevel model 
included the following fixed and random effects of the 
four growth parameters: the final level of depressive 
symptoms at death or last assessment, linear change in 

depressive symptoms leading up to the time of death/
last assessment, a changepoint that signifies the time-
point at which the significant change in the slope occurs, 
and the linear change before this changepoint. The fixed 
effects in the model represent the average of each 
growth parameter, whereas random effects capture 
interindividual variability and interindividual deviations 
from the average. All four growth parameters were 
regressed on mortality status (0 = nondeceased, 1 = 
deceased) and gender (0 = male, 1 = female) to estimate 
the effect of mortality status and gender on the pre-
changepoint slope, post-changepoint slope, the location 
of the changepoint, and level of depressive symptoms 
at time zero. All models included country of origin as a 
covariate to adjust for country-level confounders.

Co-twin control methods were undertaken to exam-
ine whether genetic and shared familial factors con-
founded these associations. Discordant twin pairs are 
matched by design for age, the additive effects of geno-
type, and shared early life and environmental influences. 
Monozygotic (MZ) twin pairs are fully controlled for 
genotype because MZ twins are genetically identical. 
Dizygotic (DZ) twins share, on average, half of their 
genomes. Thus, additive genetic effects are only partially 
matched in DZ twins. Furthermore, same-sex twin pairs 
are also matched by gender. Therefore, the co-twin con-
trol method allows inferences about whether depressive 
symptoms increase in advance of death, regardless of 
these familial influences. In the co-twin control analyses, 
we constructed another piecewise linear multilevel 
model with a random changepoint. This model esti-
mated the four growth parameters within the sample of 
98 complete twin pairs discordant for death in which 
the co-twin survived at least 4 years longer than the 
deceased twin. In this model, we utilized a backward 
time scale, where time represents the number of years 
until the death of the deceased twin. Any assessments 
completed by the nondeceased twin that occurred after 
the death of the deceased twin were excluded from 
these analyses. We regressed each of the growth param-
eters on mortality status to compare trajectories of 
depressive symptoms in these discordant twin pairs.

To test the secondary hypothesis, we examined 
whether the magnitude of mortality-related changes in 
depressive symptoms and the location of the change-
point were different for men and women. We con-
structed another piecewise linear multilevel model with 
a random changepoint with the same growth parame-
ters and covariates as described in the previous model. 
In this model, we included a gender-by-mortality inter-
action term to examine differences between men and 
women in mortality-related increases in depressive 
symptoms. We followed this up by constructing a piece-
wise linear multilevel model with random changepoints 
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stratified by mortality status to examine this interaction 
further. In this stratified model, we compared the effect 
of gender on the four growth parameters to assess 
whether the magnitude of mortality-related increases 
in depressive symptoms differed for men and women. 
All linear multilevel models with random changepoints 
were run with the nlive package (Capuano & Wagner, 
2023) in R.

Several sensitivity analyses were conducted to test 
the robustness of our findings. First, there were signifi-
cant age differences between deceased participants and 
those who were alive at the end of the study period. 
To test whether these age and gender differences were 
driving our results we ran a series of sensitivity analyses 
excluding any participant who was younger than age 
65 at the initial depressive-symptom assessment and 
excluding participants who died after the age of 85. We 
then repeated the piecewise linear multilevel models 
with random changepoints with this subsample to 
examine the robustness of our findings. Next, it was 
impossible to account for the nonindependence of the 
data by nesting individuals within twin pairs in the joint 
models and in the piecewise linear multilevel models 
with random changepoints. Failing to account for the 
violation of this assumption would likely result in 
biased standard error estimates. To test the potential 
impact of violating this assumption, we ran a sensitivity 
analysis in which the piecewise linear multilevel models 
with random changepoints were run with a randomly 
selected individual within each twin pair. Third, 
although we included country of origin as a covariate 
in all models, there may be further study-level con-
founding factors that were unaccounted for. Therefore, 
we ran a set of sensitivity analyses in which we adjusted 
for the study of origin instead of the country of origin 
by including the study as a covariate in all models. Last, 
we ran a supplemental analysis within the co-twin con-
trol analyses to examine the impact of omitting obser-
vations with the nondeceased co-twin that took place 
after the death of their twin. The purpose of this sen-
sitivity analysis was to see whether there was an uptick 
in symptoms in the nondeceased co-twin immediately 
after the death of their twin.

Results

Participant characteristics

Participants were on average just under 70 years old at 
the initial assessment of depressive symptoms (M = 68.98 
years, SD = 13.51, range = 29.10–95.00) and completed 
approximately five assessments (M = 5.22, SD = 3.27) 
over approximately 11 years of follow-up (M = 10.90 
years, SD = 8.22). Table 1 provides sample descriptive 
statistics and comparisons between participants based 

on mortality status. Compared with participants who 
were alive at the end of the study period, deceased 
participants were older at both the initial and last assess-
ment of depressive symptoms, were more likely to be 
male, had approximately 6 years shorter follow-up, and 
completed approximately one less assessment of depres-
sive symptoms.

Joint modeling of depressive-symptom 
trajectories and risk of death

The best fitting multilevel regression submodel (for 
model comparisons, see Table S3) was a piecewise lin-
ear spline model centered at age 70. This model esti-
mated linear changes occurring before age 70 (pre-age-70 
slope), and a second slope parameter estimated linear 
changes occurring after age 70 (post-age-70 slope). The 
best fitting model included aligned fixed and random 
effects. The best fitting joint model was the shared  
random-effects model (see Supplemental Table S4). 
Parameter estimates from the shared random-effects 
joint model are provided in Table 2. As expected, on 
average, individuals exhibited significantly larger annual 
increases in depressive symptoms after the age of 70 
compared with before the age of 70. The mean trajec-
tory of depressive symptoms (with 99% confidence 
intervals, or CIs) is presented in Figure 2a. Figure 2b 
illustrates the significant interindividual variability in the 
level of depressive symptoms and annual change before 
and after age 70. The gray lines depict every individual’s 
estimated trajectory of depressive symptoms, whereas 
the black lines illustrate the trajectories of 75 randomly 
selected deceased and nondeceased individuals.

The shared random-effect parameter estimates link 
the longitudinal and time-to-event models. Individuals 
with higher depressive symptoms (per 1 T-score-unit 
increase) at age 70 had a 1.02 times increased risk of 
dying, 95% confidence interval (CI) = [1.01, 1.03]. Indi-
viduals with larger annual increases in depressive 
symptoms after age 70 were also at a significantly 
increased risk of dying. A 1-SD increase in the post-age- 
70 slope was associated with a 1.09 times increased risk 
of dying, 95% CI = [1.01, 1.17]. The Kaplan-Meier curve 
presented in Figure 3 shows the probability of survival 
from ages 70 to 90 for individuals above and below the 
median of the post-age-70 depressive-symptom slope. 
Individuals below the median post-age-70 depressive-
symptom slope had a median survival time of 86.0 
years, 95% CI = [85.0, 86.5]. Individuals with larger 
increases in depressive symptoms after age 70 had a 
median survival time of about 1.6 fewer years, Mdn = 
87.6 years, 95% CI = [87.0, 88.0], relative to individuals 
below the median post-age-70 depressive-symptom 
slope. The linear slope before age 70 was not signifi-
cantly associated with the risk of death—hazard ratio 
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Table 2.  Estimates of the Shared Random-Effects Joint Model to Examine Trajectories of Depressive 
Symptoms (T-Score Standardized) Over Age for All Observations and Excluding the 1,651 Observations 
That Occurred Within 3 Years of Death (N = 2,411)

Parameter

All assessmentsa
Excluding assessments 
within 3 years of deathb

Estimate 95% CI Estimate 95% CI

Multilevel regression estimating depressive-symptom trajectoriesc

  Fixed effects
    Age 70 depressive symptomsd 50.40 [49.91, 50.90] 50.58 [50.10, 51.05]
    Linear slope before age 70e 0.03 [0.01, 0.06] 0.04 [0.01, 0.07]
    Linear slope after age 70f 0.28 [0.25, 0.32] 0.20 [0.17, 0.23]
  Variance of random effects  
    Age 70 depressive symptomsd 59.89 55.51  
    Linear slope before age 70e 0.25 0.25  
    Linear slope after age 70f 0.39 0.33  

  HR 95% CI HR 95% CI

Cox proportional hazard model examining  
  risk of death

 

  Depressive symptoms at age 70  
      (per 1 T-score unit) on risk of deathg

1.02 [1.01, 1.03] 1.01 [1.00, 1.02]

  Linear slope before age 70 (per 1 SD) on  
    risk of deathh

1.04 [0.94, 1.14] 1.01 [0.92, 1.11]

  Linear slope after age 70 (per 1 SD) on  
      risk of deathi

1.09 [1.01, 1.17] 1.01 [0.94, 1.10]

Note: Estimates in bold indicate significance at p < .05. CI = confidence interval; HR = hazard ratio. aAnalyses included 
2,411 participants with 12,574 observations. bAnalyses included 2,411 participants with 10,923 observations. cEstimates 
are from the multilevel-regression submodel from the shared random-effects joint longitudinal and time-to-event model. 
dDepressive symptoms at age 70 is the intercept of the model and represents the estimated depressive symptoms at age 
70 while adjusting for the main effect of country. eLinear slope before age 70 represents the average annual change 
in depressive symptoms before age 70. fLinear slope after age 70 represents the average annual change in depressive 
symptoms after age 70. gThe association parameter from the joint model quantified the effect of a T-score-unit increase of 
1 in individual-specific deviations of depressive symptoms at age 70 on mortality risk while adjusting for the main effect 
of country. hThe association parameter from the joint model quantified the effect of a 1-SD increase in deviations of the 
linear slope of depressive symptoms before age 70 on risk of death while adjusting for the main effect of country. iThe 
association parameter from the joint model quantified the effect of a 1-SD increase in the deviations of the linear slope of 
depressive symptoms after age 70 on risk of death while adjusting for the main effect of country.

(HR) per 1-SD increase in pre-age-70 slope = 1.04, 95% 
CI = [0.94, 1.14].

After excluding assessments that occurred within 3 
years of death, the average linear change after age 70 
was attenuated by nearly 30% (see Table 2). This attenu-
ation is illustrated in Figure 2a. Furthermore, after 
excluding the assessments that took place within 3 
years of death, the adverse association between more 
substantial annual increases in depressive symptoms 
after age 70 on death was attenuated and no longer 
statistically significant—HR per 1-SD increase in post-
age-70 slope = 1.01, 95% CI = [0.94, 1.10]. The attenu-
ation of these associations after excluding observations 
within 3 years of death suggests a role of mortality-
related factors largely driving the increases in depres-
sive symptoms observed in later older adulthood.

Piecewise linear multilevel model with 
random changepoints

The piecewise linear multilevel model with random 
changepoints was fit next to quantify the magnitude and 
onset of the mortality-related increases in depressive 
symptoms (see Table 3). Figure S1 in the Supplemental 
Material presents the distribution of depressive-symptom 
assessments by integer years preceding death (for 
deceased participants) or last assessment (for nonde-
ceased participants). Deceased participants had signifi-
cantly higher estimated depressive symptoms by just 
under 4 T-score units, β = 3.68, 95% CI = [2.74, 4.62], 
p < .001, at 1 year before death compared with the level 
of depressive symptoms at 1 year before the final 
assessment of nondeceased participants. On average, 
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Plot of the Population Average Trajectoies of Depressive Symptoms (with 99% confidence interval) Across
Age With All Observations and When Excluding Assessments Within Three Years of Death

Individual-Specific Trajectories of Depressive Symptoms by Chronological Age
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Fig. 2.  Estimated trajectories of depressive symptoms over age. Plots show (a) the average estimated trajectory of depressive symptoms 
(with a 99% confidence interval) over age when including all assessments (12,574 assessments) and after excluding the 1,651 assessments 
that occurred within 4 years of death (N = 2,411), as estimated by the multilevel model examining trajectories of depressive symptoms; 
and (b) the average estimated trajectory of depressive symptoms by mortality status with each individual’s estimated trajectory (gray lines) 
and 75 randomly selected individuals (black lines and points), highlighting the significant variability in the trajectories of depressive 
symptoms across age.
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the changepoint occurred approximately 7.42 years, β = 
−7.42, 95% CI = [−8.49, −6.36], p < .001, before the last 
assessment for nondeceased participants and 4.3 years for 
deceased participants. There was significant interindividual 
variability in the timing of the changepoint, as indicated 
by the significant variance of the random-effect estimates—
changepoint variance = 11.58, 95% CI = [8.62, 14.54]. For 
nondeceased participants, the slope before the change-
point, β = 0.129, 95% CI = [0.06, 0.20], p < .001, was of 
similar magnitude as the slope after the changepoint, β = 
0.08, 95% CI = [−0.05, 0.20], p = .118. Deceased participants 
compared with nondeceased participants experienced sig-
nificantly larger annual increases in depressive symptoms 
after the changepoint, β = 1.11, 95% CI = [0.90, 1.32], p < 
.001, in the years leading up to death (deceased) and the 
final assessment (nondeceased), respectively, consistent 
with the first hypothesis. Figure 4a depicts the average 
estimated trajectory of depressive symptoms (with 99% 
CIs) leading up to death for deceased participants and the 
final assessment for nondeceased participants. Figure 4b 
illustrates the significant interindividual variability in the 
location of the changepoint and magnitude of the pre- and 
post-changepoint slopes. The gray lines in Figure 4b depict 
all participants’ estimated trajectories of depressive symp-
toms, whereas the black lines and data points highlight 75 
randomly selected deceased and nondeceased individuals. 
Last, the distributions of the individual-specific estimates 
of depressive symptoms 1 year before death or the last 

symptom assessment, the pre-changepoint slope, the post-
changepoint slope, and the location of the changepoint 
are presented in Figure S2.

Co-twin control analysis

Of the 98 discordant twin pairs included in these analy-
ses, 32 were monozygotic, 60 were same-sex dizygotic, 
and six were opposite-sex dizygotic twins. The results 
of the piecewise linear multilevel model with random 
changepoints, comparing twins discordant for mortality 
on the onset of and mortality-related increases in 
depressive symptoms, are presented in Table 4. The 
deceased twin had just over 5 T-score units greater 
estimated depressive symptoms at the time of their 
death compared with their co-twin, who survived at 
least 4 years longer, β = 5.46, 95% CI = [2.80, 8.12], p < 
.001. The deceased twin also had significantly greater 
annual increases in depressive symptoms after the esti-
mated changepoint compared with the twin who sur-
vived, β = 0.84, 95% CI = [0.43, 1.26], p < .001. Figure 5a 
depicts the average estimated depressive symptoms for 
both deceased and nondeceased twins up until the 
deceased twin’s death, whereas Figure 5b presents a 
graph of all individual trajectories to highlight the inter-
individual variability in trajectories. Last, Figure S3 pres-
ents a graph of all discordant twin pairs comparing the 
trajectories of deceased and nondeceased twins.
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Fig. 3.  Probability of survival (with a 95% confidence interval) across ages 70 to 90 by the 
magnitude of annual increases in depressive symptoms after age 70 (based on a median 
split). Dashed lines denote the median survival age for both groups.
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Gender differences in terminal 
increases in depressive symptoms

We next examined whether there were significant gen-
der differences in the magnitude of mortality-related 
increases in depressive symptoms (see Table 5). The 
effect of gender on each growth parameter stratified by 
mortality status is presented in Table 5. The analyses 
were stratified by mortality status to compare the mag-
nitude of the post-changepoint slope for deceased and 
nondeceased participants. The logic of these stratified 
analyses is that if the post-changepoint slope reflects 
terminal-related increases in depressive symptoms, 
deceased individuals should have a higher post- 
changepoint slope, whereas the post-changepoint slope 
of nondeceased individuals should be of relatively 
smaller and of similar magnitude to their pre-change-
point slope. Deceased males had significantly larger 
annual increases in depressive symptoms after the 
changepoint compared with deceased females, β = 0.54, 
95% CI = [1.10, .02], p = .029, in support of the second 
hypothesis. The gender-by-mortality interaction on the 
post-changepoint slope was not statistically significant 
(p = .061). Deceased men were not different from 
deceased women in the estimated level of depressive 

symptoms 1 year prior to death, β = 0.69, 95% CI = 
[−0.76, 2.14], p = .175. For nondeceased participants, 
the only significant gender difference was in the mag-
nitude of symptoms at the last assessment, β = 1.21, 
95% CI = [0.23, 2.19], p = .008. Nondeceased women 
had just more than a 1-T-score-unit greater level of 
depressive symptoms than nondeceased men at the 
final assessment. For nondeceased participants, the 
location of the changepoint or magnitude of change 
before and after the changepoint did not significantly 
differ by gender.

Sensitivity analysis

Because of the significant differences in age and gender 
for the deceased compared with nondeceased partici-
pants, we ran a sensitivity analysis using a subsample 
of participants with deceased and nondeceased better 
matched for age. We selected only participants older 
than 65 and only deceased participants whose age at 
death was less than 85. This approach included a sub-
sample of 1,043 in which the deceased participants (n = 
564) were 2.96 years older than the nondeceased par-
ticipants (n = 479) at their last assessment (for sample 
descriptive statistics of this restricted subsample, see 

Table 3.  Results of the Piecewise Linear Multilevel Model With Random Changepoints Examining 
Trajectories of Depressive Symptoms in the Years Before Death or Last Assessment (N = 2,411)

Parameter Estimate 95% CI p

Fixed effects
  Level of depressive symptoms 1 year before last observation  
    or time of death

 

    Depressive symptoms at 1 year before last assessment for  
      nondeceased

51.43 [50.54, 52.33] < .001

    Effect of deceased on depressive symptoms at 1 year before  
        death

4.82 [3.80, 5.85] < .001

Pre-changepoint slope
  Pre-changepoint slope for nondeceased 0.13 [0.06, 0.20] < .001
  Effect of deceased on pre-changepoint slope 0.05 [−0.02, 0.13] .075
Post-changepoint slope
  Post-changepoint slope for nondeceased 0.08 [−0.05, 0.20] .118
  Effect of deceased on post-changepoint slope 1.11 [0.90, 1.32] < .001
Changepoint location
  Changepoint location for nondeceased −7.42 [−8.49, −6.36] < .001
  Effect of deceased on changepoint location 3.16 [2.12, 4.21] < .001
Variance of the random effects
  Depressive symptoms 1 year before last observation or time of  
    death

48.04 [44.27, 51.80]  

  Pre-changepoint slope 0.15 [0.12, 0.18]  
  Post-changepoint slope 0.25 [0.14, 0.36]  
  Changepoint location 11.58 [8.62, 14.54]  

Note: All models were adjusted for the main effect of country. Estimates in bold indicate significance at p < .05. CI = 
confidence interval.
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 Estimated Population Estimate of Depressive Symptoms (99% confidence interval) Until Death (deceased)
or Last Assessment (nondeceased)

Individual-Specific Trajectories of Depressive Symptoms by Years to Death (deceased) or Last Assessment
(nondeceased)
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Fig. 4.  Estimated trajectories of depressive symptoms leading up to death or last assessment. The plots show (a) the average estimated 
trajectories of depressive symptoms leading up to death or final assessment derived from the piecewise linear multilevel model with 
random changepoints (N = 2,411) and (b) the average estimated trajectory of depressive symptoms by mortality status. All individuals’ 
estimated trajectories (gray lines) and the estimated trajectories of 75 randomly selected individuals (black lines and points) are presented 
to highlight the interindividual variability in depressive symptoms across age.

Table S5). Results from the shared random-effects joint 
model were consistent with the main analyses because 
we found that individuals with larger annual increases 
in depressive symptoms were at increased risk of dying, 

HR = 1.14, 95% CI = [0.99, 1.32], with similar magnitude 
as the main analyses (for parameter estimates from the 
joint model, see Table S6). The results of the piecewise 
multilevel model with random changepoints with this 



Psychological Science XX(X)	 13

subsample were also mostly consistent with the main 
analyses (see Table S7). Although the Gender × Deceased 
interaction term on the post-changepoint slope was sig-
nificant, suggesting gender differences in the magnitude 
of post-changepoint slope of deceased participants, the 
effect of gender on the magnitude of the post-change-
point slope was not statistically significant in deceased 
or nondeceased participants (see Table S8).

Next, the sensitivity analyses in which the piecewise 
linear multilevel models with random changepoints 
restricting the sample to one randomly selected twin 
within each pair were constructed to rule out bias in the 
standard error estimation driving the significant findings. 
These sensitivity analyses are presented in Tables S9 
through S11 and suggest that, with the exception of the 
analyses examining gender differences in the magnitude 
of terminal increases in depressive symptoms, the bias 
in the standard errors did not drive the main results 
because the parameter estimates and p values were 
largely consistent when examining these associations 
within randomly selected individuals within each twin 
pair. The analyses examining gender differences in the 
mortality-related increases in depressive symptoms were 
not fully robust to these sensitivity analyses.

Although all our main analyses included country as 
a covariate in the models to adjust for country-level 
confounders, we ran a sensitivity analysis with the study 

of origin included as a covariate instead of country to 
adjust for possible study differences. The main results 
were mostly consistent when we adjusted for the study 
of origin rather than the country of origin (see Tables 
S12–S14). Some analyses examining gender differences 
were not robust when adjusting for study rather than 
country. Mainly, deceased females were estimated to have 
significantly more depressive symptoms 1 year before 
death compared with deceased males, and the post-
changepoint slope for deceased females was not different 
from the slope for deceased males. The location of the 
changepoint was not significantly different for deceased 
males and females in these sensitivity analyses.

Last, within the co-twin control analyses, when we 
did not omit the observations from the nondeceased 
co-twins that occurred after the death of their twin there 
was no significant uptick in symptoms after the death 
of their twin (see Table S15). A negative changepoint 
estimate demonstrates this for the nondeceased twin, 
which is not suggestive of a significant uptick in symp-
toms after the death of their co-twin.

Discussion

Results from a multinational consortium, in which par-
ticipants completed as many as 17 assessments of 
depressive symptoms, support the hypothesis that 

Table 4.  Results of the Co-Twin Control Piecewise Linear Multilevel Model With Random Changepoints 
Comparing the Trajectories of Twin Pairs Discordant on Survival Time (N = 196)

Parameter Estimate 95% CI p

Fixed effects
  Level of depressive symptoms at last observation/time of death
    Depressive symptoms at the time of the last assessment of  
      the nondeceased twin

49.52 [47.65, 51.39] < .001

    Effect of deceased on depressive symptoms at time of death 5.46 [2.80, 8.12] < .001
Pre-changepoint slope
  Pre-changepoint slope for nondeceased twin 0.24 [0.05, 0.42] .006
  Effect of deceased on pre-changepoint slope −0.30 [−0.60, −0.01] .023
Post-changepoint slope
  Post-changepoint slope for nondeceased twin 0.01 [−0.28, 0.30] .483
  Effect of deceased on post-changepoint slope 0.84 [0.43, 1.26] < .001
Changepoint location
  Changepoint location for nondeceased twin −6.26 [−10.63, −1.90] < .001
  Effect of deceased on changepoint location −0.63 [−5.95, 4.68] .408
Variance of the random effects
  Depressive symptoms at time of death or last assessment 51.12 [38.04, 64.20]  
  Pre-changepoint slope 0.14 [0.02, 0.27]  
  Post-changepoint slope 0.24 [−0.04, 0.52]  
  Changepoint location 39.02 [12.49, 65.55]  

Note: An equal number of deceased (n = 98) and nondeceased (n = 98) twins were included in the model (1,077 total 
assessments). Estimates in bold indicate significance at p < .05. CI = confidence interval.
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Population Estimate of Depressive Symptoms (99% confidence interval) Until Death of the Deceased Twin

Estimated Individual-Specific Trajectories of Depressive Symptoms Until Death of the Deceased Twin
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Fig. 5.  Estimated depressive symptom trajectories from the co-twin control analyses. The plots show (a) the average estimated trajectories 
of depressive symptoms (with 99% confidence intervals) from the co-twin control piecewise linear multilevel model with random change-
points comparing depressive symptom trajectories of twin pairs discordant on survival time and (b) the individual-specific trajectories 
derived from this model (gray lines) with 20 randomly selected pairs highlighted to illustrate the significant interindividual differences 
in trajectories.

increases in depressive symptoms occurring in mid-to-
later older adulthood partially reflect mortality-related 
factors. The best fitting longitudinal functional form  
of depressive symptoms across chronological age 

consisted of decreases in mean-level symptoms from 
midlife to early older adulthood until age 70, followed 
by accelerated increases in symptoms after age 70. This 
pattern has been well established cross-sectionally 
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(Best et al., 2021; Newmann, 1989), and we add support 
to this pattern longitudinally (Sinkewicz et  al., 2022; 
Sutin et al., 2013).

Our main conclusion is that the increase in depres-
sive symptoms observed after age 70 is a partial mani-
festation of terminal drop (Gerstorf et al., 2010). The 
concept of terminal drop, when applied to depressive 
symptoms, posits that mortality-related factors are a key 
driver of the increases in symptoms in later life. In the 
joint model, individuals with larger annual increases in 
depressive symptoms after age 70 were at a significantly 
higher risk of dying, consistent with this hypothesis. 
The median survival age of individuals with larger 
increases in depressive symptoms after age 70 was 
approximately 1.6 years less compared with individuals 
reporting less pronounced increases in depressive 
symptoms after age 70. After excluding those observa-
tions that occurred within 3 years of death, the results 
were changed in two ways that support the terminal-
drop hypothesis. First, the magnitude of the annual rate 
of change after age 70 was attenuated by nearly 30% 
after excluding assessments occurring within 3 years of 
death. This attenuation suggests that mortality-related 
factors were partially driving increases in depressive 
symptoms after age 70. Second, after excluding obser-
vations that occurred within 3 years of death, the effect 
of linear changes after age 70 was attenuated by nearly 
15% and was no longer significantly associated with  
an increased risk of death. This attenuation suggests 
that the association between the greater magnitude  
of change after age 70 and risk of death was primarily 
driven by those observations occurring in the years 

immediately preceding death. Likewise, Sutin et  al. 
(2013) reported a significant increase in depressive 
symptoms approaching death; however, impending 
death did not fully explain these increases in depressive 
symptoms.

The current study goes further in making a novel 
application of a multilevel random changepoint model 
to estimate the timing of terminal increases in depres-
sive symptoms while quantifying rates of change before 
and after the changepoint. Using this data-driven 
approach, we found an acceleration in the increases of 
depressive symptoms beginning approximately 5 years 
before death. The analyses with the twin pairs discor-
dant for mortality provide further support for terminal 
increases in depressive symptoms in the years preced-
ing death. These co-twin control analyses rigorously 
adjusted for unmeasured shared familial influences and 
additive genetic influences on depressive symptoms. 
The current study is the first, to our knowledge, to 
utilize twin methodologies to test for mortality-related 
increases in depressive symptoms. Our findings on 
depressive symptoms are consistent with those of other 
longitudinal studies examining mortality-related 
decreases in happiness and personality traits (Gerstorf 
et al., 2016; Vogel et al., 2013). Gerstorf and Ram (2013), 
in particular, used a similar random changepoint model-
ing approach to longitudinal happiness data, reporting 
significant mortality-related declines in happiness 
beginning approximately 4 years before death.

Regarding our second research question, we found 
that men and women differed in terms of the magnitude 
and onset of mortality-related increases in depressive 

Table 5.  Results of the Piecewise Linear Multilevel Model With Random Changepoints Stratified by Mortality Status 
Examining Trajectories of Depressive Symptoms in the Years Before Death or Final Assessment

Parameter

Deceaseda Nondeceasedb

Gender × 
Mortality pcEstimate 95% CI p Estimate 95% CI p

Effect of female on depressive 
symptoms at death 
(deceased) or final assessment 
(nondeceased)

0.69 [−0.76, 2.14] .175 1.21 [0.23, 2.19] .008 .243

Effect of female on pre-
changepoint slope

0.05 [−0.06, 0.16] .199 −0.08 [−0.22, 0.06] .129 .067

Effect of female on post-
changepoint slope

−0.54 [−1.10, 0.02] .029 0.04 [−0.08, 0.17] .245 .061

Effect of female on changepoint 
location

−0.29 [−1.07, 0.49] .232 −0.11 [−2.67, 2.46] .468 .260

Note: All models were adjusted for the main effect of country of origin on depressive symptoms. Estimates in bold indicate significance at p < 
.05. CI = confidence interval. aResults are from the multilevel model with random changepoints examining the effect of gender on trajectories of 
depressive symptoms in the years leading up to death including only deceased participants (n = 1,491). bResults are from the multilevel model 
with random changepoints examining the effect of gender on trajectories of depressive symptoms in the years leading up to the final assessment 
in nondeceased participants (n = 920). cThe Gender × Deceased p value is the Gender × Mortality interaction term included in the multilevel 
model with random changepoints. The full sample includes the Gender × Mortality Status interaction.
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symptoms. Men experienced more substantial increases 
in depressive symptoms in the years preceding death 
compared with women. At the same time, the onset of 
mortality-related increases was just over 1 year earlier 
for women compared with men. For deceased partici-
pants, there were no gender differences in terms of 
depressive symptoms at the time of death. These find-
ings support the interpretation that gender differences 
in the mortality-related increases in depressive symp-
toms may, at least in part, explain the narrowing of 
gender differences in depressive symptoms that are 
observed in the later portion of older adulthood.

The random changepoint modeling also revealed 
significant interindividual variability in the timing of 
the changepoint and magnitude of mortality-related 
increases in depressive symptoms. This significant vari-
ability illustrates that some individuals enter the termi-
nal phase earlier than the average 4 years before death, 
whereas some enter later. The variability has important 
clinical ramifications because it suggests that there are 
factors that could be targeted for interventions to delay 
the onset and magnitude of mortality-related increases 
in depressive symptoms. These interindividual differ-
ences were also noted by Gerstorf and Ram (2013) in 
their analyses of terminal decline and life satisfaction.

If mortality-related factors contribute to increased 
depressive symptoms, we can consider some of the 
processes that may be implicated. These include 
increased physical illness, functional impairment, sen-
sorimotor decrements, compromised cognitive abilities; 
loss of social roles and decreased social support, finan-
cial strain; resultant reduction in positively reinforcing 
activities; and assaults on an individual’s sense of con-
trol and agency. These same processes have been 
described as risk factors for depression in older adults 
(Blazer et al., 1991; Fiske et al., 2009; Mirowsky & Ross, 
1992). We note that all these decline processes also 
accelerate toward the end of life, although to different 
degrees in different persons. Gatz (1998) suggested that 
later life depression might be conceptualized as a 
depletion of “affective reserve.” In this sense, depressive 
symptoms toward the end of life may represent a sort 
of summation of the person’s affect about their life 
situation.

We also offer that the gender differences that we 
observed may suggest that men’s emotional functioning 
is more vulnerable than that of women to these  
mortality-related factors. Men also tend to experience 
more frequent, severe, and steeper declines in health 
at older ages (Zajacova et al., 2017). Furthermore, men 
in palliative care tend to report significantly higher 
psychological distress compared with women (Hayes 
et al., 2012). The increased functional impairment and 
need to be dependent on others that are common in 

the last years of life may have a stronger negative 
impact on depressive symptoms in men compared with 
women (Hayes et al., 2012). These may limit the ability 
to participate in positively reinforcing activities, with 
some work suggesting that a reduction in leisure activi-
ties may be more strongly associated with depressive 
symptoms in men compared with women (Breslin et al., 
2006). Although the effect size of the gender differences 
on the post-changepoint slope was of small magnitude, 
there are many instances in which a small effect size is 
clinically relevant. Small effect sizes may accumulate 
over time, which may meet clinical relevance with 
advancing time (Funder & Ozer, 2019). The cumulative 
effect of gender on the post-changepoint slope resulted 
in nonsignificant differences between men and women 
in depressive symptoms 1 year before death. We argue 
that this narrowing of gender differences that are 
observed over the entirety of the life span represents a 
clinically relevant effect. Lastly, previous work suggests 
that nonshared environmental factors may account for 
a larger proportion of variability in depressive symp-
toms in later life (Petkus et al., 2017), supporting the 
possibility that environmental changes associated with 
declining health and functional impairment may have 
a more negative impact on men than on women.

There are important study limitations. First, limited 
ethnic/racial diversity may limit the generalizability of 
the findings. IGEMS studies predominantly include par-
ticipants of European ethnicity, although there is con-
siderable diversity in education, occupation, and wealth, 
reflecting the situation in the respective countries when 
participants were growing up. Second, results may have 
been influenced by differences in the measurement and 
assessment schedules among the IGEMS studies. We 
addressed these challenges through the harmonization 
of measures and the use of T-scores. We also included 
country as a covariate in the models to further adjust 
for possible country-level confounders. Third, antide-
pressant use may affect the trajectories of depressive 
symptoms preceding death. Future research needs to 
examine the association between antidepressant use 
and terminal drop in depressive symptoms. Likewise, 
we did not examine whether the proposed mortality-
related factors were actually driving the observed find-
ings. Future research needs to examine the extent to 
which mortality-related factors explain our findings. 
Fourth, it was not possible to create a comparison sam-
ple of nondeceased participants that were identical to 
deceased participants in terms of age and gender 
because the deceased participants tended to be older 
and more likely to be female. Therefore, it cannot be 
ruled out that the differences in trajectories between 
deceased and nondeceased participants resulted from 
true age differences. We addressed this limitation with 
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our sensitivity analyses and co-twin control analyses that 
were largely consistent with the main findings. The sen-
sitivity analyses examining gender differences in the 
changepoint models were not fully robust and consistent 
with the main findings. Future studies need to replicate 
the gender-difference results with larger samples. Last, 
because of a limited number of discordant twin pairs with 
the requisite data, the co-twin control analyses included 
both monozygotic and dizygotic pairs and a small num-
ber of opposite-sex dizygotic pairs such that the design 
did not fully control for genotype and gender.

In conclusion, the findings presented in this study 
support the assertion that increases in depressive symp-
toms observed in later older adulthood are partially 
explained by mortality-related factors. We found that, 
on average, individuals experienced acceleration in 
depressive symptoms just over 4 years before death 
(the changepoint location for nondeceased of −7.42 
plus the effect of deceased on the changepoint location 
of 3.16 equals −4.26 years), and this acceleration was 
of larger magnitude in men than in women.
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