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Abstract

Background: Memory complaints and depressive symptoms are frequently associated in older adults and both
serve as potential indicators of future cognitive decline. However, the temporal ordering of the development of
these two symptoms remains unclear. The goal of the current study was to examine concurrent and temporal
relationships between memory complaints and depressive symptoms in older adults.

Methods: Data were drawn from two longitudinal, nationally representative datasets and included cognitively
intact older adults aged 65 and over. The datasets in the current study were from the National Health and Aging
Trends Study (NHATS) and the Health and Retirement Study (HRS). Using an integrative analytic framework, we
tested bidirectional temporal relationships between memory complaints (memory ratings and perceived memory
decline) and depressive symptoms over 6 to 9 years of data in over 5000 older adults across these two samples.

Results: Across both datasets, perceived memory decline predicted future depressive symptoms whereas memory
ratings did not. Additionally, results showed that at times when depressive symptoms tended to be higher,
memory complaints were also higher, but depressive symptoms did not predict future memory complaints. One
finding that was inconsistent across datasets was memory ratings predicting depressive symptoms. After
accounting for covariates, this relationship was only significant in one dataset.

Conclusions: Cognitively intact older adults who report memory decline may be at risk for developing depressive
symptoms in the future. Furthermore, our findings highlight the importance of using immediate replication of
results across datasets to determine the generalizability of conclusions.
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Background
Depressive symptoms and changes in memory function-
ing frequently co-occur in late life, complicating the dis-
tinction among symptoms due to mood disorders,
preclinical or early dementia, and other geriatric syn-
dromes. This distinction is particularly important for as-
sessment of cognitive decline risk since both depressive
symptoms and memory complaints (where an individual
perceives a change in memory functioning but performs
normally on objective tests) are associated with poor
cognitive outcomes in older adults. Memory complaints

may reflect early cognitive decline or normal aging, but
they are also clustered among depressive symptoms used
for diagnosis [1]. Indeed, memory complaints frequently
have stronger associations with depressive symptoms
than with objective cognition [2–4]. However, memory
complaints uniquely predict a substantially increased risk
of cognitive decline and dementia after controlling for
depressive symptoms [5–7]. Further, in a recent study,
depression and memory complaints were independently
associated with the risk of mild cognitive impairment
and dementia [8]. This suggests memory complaints re-
flect a related but separable source of variation in the
risk for cognitive decline. Given their co-occurrence and
unique predictive utility, it is important to understand
how memory complaints and depressive symptoms
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develop over time among older adults: specifically,
whether memory complaints tend to precede depressive
symptoms, or vice versa. The current paper applies an
integrative analytic framework using two nationally rep-
resentative datasets to examine the longitudinal bidirec-
tional associations of memory complaints and depressive
symptoms to understand these temporal associations.
Previous longitudinal studies have primarily examined

temporal relationships between depressive symptoms
and memory complaints in a single direction. For ex-
ample, when examining concurrent within-person rela-
tionships, Hülür, Hertzog, Pearman, Ram, and Gerstorf
[9] focused on depressive symptoms predicting memory
complaints and found that on occasions when an indi-
vidual reported more depressive symptoms, they tended
to report more memory complaints. Testing specifically
whether memory complaints preceded depressive symp-
toms, multiple studies have identified that individuals
reporting memory problems at baseline are at risk for
developing clinical levels of depressive symptoms over
four [10] and 10 [11] years of follow up [12]. However, it
remains unclear whether the opposite relationship would
hold in these studies. That is, when an individual is ex-
periencing more depressive symptoms, are they more
likely to report memory complaints at the next assess-
ment. This is particularly important as it could identify
the temporal relationships among depressive symptoms
and memory complaints, indicating which type of symp-
tom tends to appear first.
Another limitation of current work examining the re-

lationships among memory complaints and depressive
symptoms is the wide variability in approaches to asses-
sing memory complaints [13]. Participants may be asked
to rate their current memory performance, compare
their memory performance to that of their peers, or re-
flect on whether their memory has declined over time.
Each of these questions requires older adults to con-
struct different judgements about their memory func-
tioning that seem somewhat contradictory [14]. For
example, an individual might perceive their memory as
declining (poorer than the previous year) while still be-
lieving their current memory functioning to be good in
general and better than others their age. This can be fur-
ther complicated by the time periods across which indi-
viduals are asked to judge changes in memory
performance, which can vary widely from change over
the past year to change over the past 10 years. Recent
studies examining how older adults interpret questions
about their memory performance indicate that these dif-
ferent types of questions indeed assess substantively dif-
ferent aspects of the experience of memory problems
[15, 16]. Therefore, it is important to consider how items
assessing memory complaints may be differentially re-
lated to current and future depressive symptoms.

Integrative analysis using comparable assessments of
memory complaints can deliver more reproducible con-
clusions through examination of research questions
across multiple datasets simultaneously [17]. Given the
previous lack of research examining autoregressive bidir-
ectional temporal relationships among depressive symp-
toms and memory complaints, this approach provides an
immediate replication that can aid in building scientific
evidence for these temporal relationships. Our primary
goal in the current analyses was to expand on previous
work by examining bidirectional temporal associations
among memory complaints and depressive symptoms
using equivalent modeling (e.g., similar covariates and
model specifications) across the datasets. This allowed
us to address our research question of whether higher
depressive symptoms are consistently related to future
reports of memory complaints or vice versa. Import-
antly, we examined whether the temporal sequencing of
these symptoms depended on the type of memory com-
plaint assessment used (memory rating and perceived
memory decline). We capitalized on autoregressive mod-
eling of depressive symptoms and memory complaints
to determine whether we could identify temporal se-
quencing of symptoms in older adults across two inde-
pendent samples, both longitudinal datasets that used
similar memory complaint assessments.

Methods
Participants
The study samples were drawn from the National
Health and Aging Trends Study (NHATS) and the
Health and Retirement Study (HRS). NHATS employs
a longitudinal design, has a nationally representative
sample of adults age 65 and older who are Medicare
beneficiaries in the United States, and oversamples
Black older adults and individuals at older ages [18].
The study began in 2011 and is funded by the Na-
tional Institute on Aging (NIA) and led by the Johns
Hopkins University Bloomberg School of Public
Health. Face-to-face interviews are conducted annually
and collect data on topics such as physical and cogni-
tive capacity and participation in valued activities.
HRS is a longitudinal, nationally representative sample
of adults older than 50 in the United States, with an
oversampling of Blacks and Hispanics [19]. HRS is
funded by NIA and is led by the Institute for Social
Research at the University of Michigan. Started in
1992, HRS collects participants’ data biennially in
mainly face-to-face or telephone interviews. The four
main types of data are: income and wealth; health,
cognition, and use of healthcare services; work and
retirement; and family connections. Both NHATS and
HRS undergo periodic cohort replenishment.

Mogle et al. BMC Geriatrics           (2020) 20:57 Page 2 of 10



NHATS
The current study used data from NHATS waves 1 to 6,
collected annually. To be included in the current study,
older adults must have completed self-reports of mem-
ory complaints, have no diagnosis of Alzheimer’s disease
(AD) or mild cognitive impairment (MCI), should have
demonstrated good or fair understanding of questions
and didn’t need help answering, and completed inter-
views in English. Following Kasper, Freedman, & Spill-
man’s [20] criteria for probable cognitive impairment, an
algorithm additionally detected and removed individuals
who performed < 1.5 SD on two or more cognitive do-
mains (tasks described in Kasper et al. [20]). At wave 1,
8245 older adults participated in NHATS; however, only
3257 older adults met the eligibility criteria described
above. In addition, 160 older adults who identified as
Hispanic, Other, or didn’t identify with any race/ethni-
city were excluded from analysis as the small number of
individuals would result in unbalanced racial groups that
would make it difficult to draw conclusions about race
differences in effects. Therefore, the current study in-
cluded 3097 older adults from cohort 1. Participants in
cohort 1 had on average 3 waves of data (M = 3.16, SD =
1.66) with 51.89% of the sample completing all 6 waves
of data (n = 1607). At wave 5, NHATS replenished
the sample with cohort 2 and 4182 older adults were
added, of which 2081 met the criteria to be included
in the current study. Similar to the first NHATS co-
hort, 109 older adults who identified as Hispanic,
Other, or didn’t identify with any race/ethnicity were
excluded from analysis as the small number of indi-
viduals would result in unbalanced racial groups.
Therefore, a total of 1972 older adults were included
from wave 5 and 92.64% of these older adults partici-
pated at wave 6 (n = 1827). Waves were restructured
for the replenished sample such that wave 5 repre-
sented time 1 and wave 6 represented time 2. For
purposes of the current study, approximately 60% of
participants had at least 4 waves of follow up data.
Overall, the current study included 5069 older adults
(78.77% White; 21.23% Black; 63.64% Female) at time
1. See Table 1 for sample description.

HRS
Data from HRS waves 3 to 12 were used from the
AHEAD cohort as they contained the memory com-
plaint items that were most similar, and comparable to,
NHATS items. These data were collected biennially. Eli-
gibility included completing self-reports of memory
complaints, no diagnosis of AD or MCI, and participants
did not need proxy-assistance for reporting. Similar to
NHATS, an algorithm flagged individuals for probable
cognitive impairment if they performed < 1.5 SD on two
or more cognitive domains (tasks described in McArdle,

Smith, & Willis [21]). In the AHEAD cohort, 6879 indi-
viduals 65 years and older participated in HRS at wave 3.
Of these, 5597 met the eligibility criteria described
above. Similar to our decisions with the NHATS sample,
92 Hispanic individuals were removed so as to allow us
to assess comparisons across races. Thus, 5505 partici-
pants from the AHEAD cohort were available for

Table 1 NHATS and HRS Sample Description at Baseline

NHATS
(n = 5069)

HRS
(n = 5505)

n (%) n (%)

Sex

Male 1843
(36.36)

1939
(35.22)

Female 3226
(63.64)

3566
(64.78)

Race

White 3993
(78.77)

4935
(89.65)

Black 1076
(21.23)

570 (10.35)

Age

65–69 1437
(28.35)

307 (5.58)

70–74 1295
(25.55)

1591
(28.90)

75–79 983 (19.29) 1750
(31.79)

80–84 790 (15.58) 1122
(20.38)

85–89 375 (7.40) 549 (9.97)

90+ 189 (3.73) 186 (3.38)

Education

Less than HS 660 (13.03) 2096
(38.07)

High School 1441
(28.44)

2604
(47.30)

Greater than HS 2966
(58.54)

805 (14.62)

Income

Less than $15,000 2624
(51.77)

2015
(36.60)

$15,000 – $30,000 687 (13.55) 1839
(33.41)

$30,001 – $60,000 859 (16.95) 1102
(20.02)

$60,000 and above 899 (17.74) 549 (9.97)

Marital Status

Married/Living with a partner 2436
(48.08)

2633
(47.84)

Separated/Divorced/ Widowed/Never
married

2631
(51.92)

2872
(52.16)
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analysis at time 1 (89.65% White; 10.35% Black; 64.78%
Female). See Table 1 for sample description. Partici-
pants, on average, completed 3 waves of data (M = 3.55,
SD = 2.35) and 5% of the sample completed data at wave
12 in the current study (n = 323). Attrition rate in the
HRS sample is consistent with attrition rates in other
studies with older participants that show a loss of 15–
20% of the sample at each wave mainly due to aging of
the participants [22, 23]. For the purposes of the current
study, approximately 50% of participants had at least
four waves of follow up data.

Measures
Descriptive statistics for the study measures described
below are provided in Table 1.

Depressive symptoms
In NHATS, depressive symptoms were measured using
the Patient Health Questionnaire-2 (PHQ2), a validated
screening measure for depression [24]. Participants
responded to two questions (“Over the past month, how
often have you had little interest or pleasure in doing
things”” and “… felt down, depressed, or hopeless?”) on a
four-point scale: 1 = not at all, 2 = several days, 3 = more
than half the days, or 4 = nearly every day. Scores ranged
from 2 to 8 with higher scores indicating more depres-
sive symptoms [24, 25]. At baseline, this measure had a
reliability of 0.57. The reliability for the measure was
higher at .80 [26] when considering most participants
had at least four repeated observations.
In HRS, depressive symptoms were measured with an

adapted version of the Center for Epidemiological Stud-
ies Depression Scale (CES-D [27]). Participants
responded to eight items that asked about their feelings
over the past week (“was depressed”, “everything was an
effort”, “sleep was restless”, “was happy”, “felt lonely”,
“enjoyed life”, “felt sad”, and “could not get going”). Par-
ticipants responded on a dichotomous scale (0 = no; 1 =
yes). Two items (“was happy” and “enjoyed life”) were
reverse coded. Scores ranged from 0 to 8. Higher scores
indicated more depressive symptoms [28]. At baseline,
this measure had a reliability of 0.74 and a reliability of
.82 when accounting for repeated observations [26].

Memory complaints
Both NHATS and HRS included only two items that
assessed memory complaints at each wave. In NHATS,
memory ratings were assessed with the item, “First, how
would you rate your memory at the present time?,” with
response selections on a five-point scale: 1 = excellent,
2 = very good, 3 = good, 4 = fair, and 5 = poor. Perceived
memory decline was assessed with the item, “Compared
to one year ago, would you say your memory is much bet-
ter now, better now, about the same, worse now, or much

worse now than it was then?” with response options on a
five-point scale: 1 =much better, 2 = better, 3 = same,
4 = worse, and 5 =much worse. Due to low variability,
response options for this variable were re-coded to cre-
ate a binary variable (0 =much better/better/same; 1 =
worse/much worse).
In HRS, memory complaints were measured with two

similar items. Memory ratings were assessed with the
item, “How would you rate your memory at the present
time?” with response options on a five-point scale: 1 =
excellent, 2 = very good, 3 = good, 4 = fair, and 5 = poor.
Perceived memory decline was assessed with the item,
“Compared with (previous wave/two years ago), would
you say your memory is better now, about the same, or
worse than it was then?” with response options on a
three-point scale: 1 = better, 2 = same, and 3 = worse.
Due to low variability, response options for this variable
were re-coded to create a binary variable (0 = better/
same; 1 = worse).

Covariates
Several demographic factors have been shown to corres-
pond to either memory complaints or depressive symp-
toms including sex, age, education, and income [29, 30];
therefore, each of these were included as covariates in
our integrative analyses. To have consistent measures of
covariates across NHATS and HRS, the following vari-
ables were recoded as needed. Participants’ sex (1 = male,
2 = female), race (1 =White/non-Hispanic, 2 = Black/
non-Hispanic), age, education, income, and marital sta-
tus were included as covariates. In NHATS, age is re-
ported as a categorical variable (1 = 65–69; 2 = 70–74;
3 = 75–79; 4 = 80–84; 5 = 85–89; 6 = 90+ years); there-
fore, the HRS age variable was recoded to be consistent.
Education was coded to three categories (1 = less than
high school, 2 = high school, 3 =more than high school
[31] and income was a four category variable (1 = less than
$15,000; 2 = $15,000 - $30,000; 3 = $30,001 to $60,000;
4 = $60,000 and above). Marital status was represented as
a two-category variable (0 =married/living with a partner;
1 = separated/divorced/widowed/never married).

Statistical analysis
Prior to examining the proposed research questions, we
conducted descriptive analyses to identify any mean dif-
ferences in memory complaints and depressive symp-
toms based on participants’ race, age, sex, income,
education, and marital status. Additionally, mean differ-
ences in age, income, education, and marital status were
examined by race and sex. Next, intercorrelations were
examined among the key study variables.
To address our primary research questions, multilevel lin-

ear modeling (MLM) analyses were performed. MLM allows
the testing of longitudinal relationships among variables
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when there are uneven amounts of follow-up for participants
as well as the separation of within-person effects (i.e., how
variables change within an individual over time) from differ-
ences across individuals. Depressive symptoms and memory
ratings were treated as continuous outcomes and modeled
using SAS proc. mixed. Effects from these models are re-
ported as regression coefficients where a one-unit change in
the predictor is associated with the amount of change in the
outcome indicated by the estimate. Perceived memory de-
cline was a binary variable and was modeled using SAS proc.
glimmix using a binary distribution with a logit link. Effects
from these models are reported as odds ratios which are the
result of exponentiated regression coefficients.
Prior to addressing our research questions, we fit un-

conditional means models to examine the intraclass cor-
relations and determine the proportion of variance in
depressive symptoms, memory ratings, and perceived
memory decline that could be explained by individual
differences relative to change within an individual over
time. Next, unconditional growth models were per-
formed to examine the trajectories of depressive symp-
toms, memory ratings, and perceived memory decline.
To address our research questions regarding the temporal

nature of memory complaints and depressive symptoms, we
first examined whether decreases in memory ratings pre-
ceded increases in depressive symptoms. Autoregressive
models were fit to the data to examine the concurrent and
lagged effects of memory ratings on depressive symptoms.
To examine the lagged effects, changes in memory ratings
from the previous wave (i.e., time t-1) were entered as a
lagged variable to predict future depressive symptoms (i.e.,
time t). We then examined the reciprocal relationship (i.e.,
do increases in depressive symptoms tend to precede de-
creases in memory ratings) with autoregressive models that
tested the concurrent and lagged effects of depressive symp-
toms on memory ratings. We then replicated these models
with the perceived memory decline items.
For all models, continuous within-person variables (e.g.,

memory ratings) were baseline centered when used as pre-
dictors. That is, an individual’s baseline value was subtracted
from that individual’s values at each wave [32]. Perceived
memory decline was entered as a raw variable as the 0 point
was meaningful within as well as across individuals. Appro-
priate reference groups were selected for categorical covari-
ates. Following other aging studies (e.g., Lindenberger &
Baltes [33]; Nyberg, Bäckman, Erngrund, Olofsson, & Nils-
son [34]), we used a criterion p-value of .01 to determine
which effects were statistically significant; this guards against
inflated Type 1 error given our large sample sizes.

Results
Preliminary analyses
Baseline comparisons of key study variables by race, sex,
age, marital status, education level, and income are

presented in Additional file 1: Table S1 for NHATS and
Additional file 2: Table S2 for HRS. Intercorrelations
among key study variables are presented in Table 2.

Multilevel models
Intraclass correlation coefficients (ICCs)
For NHATS, ICCs showed that 49.52% of the variance
in depressive symptoms, 61.29% of the variance in mem-
ory ratings, and 62.27% of the variance in perceived
memory decline were due to differences between per-
sons. For HRS, 47.30% of the variance in depressive
symptoms, 48.36% of the variance in memory ratings,
and 45.36% of the variance in perceived memory decline
were due to differences between persons.

Unconditional growth models
Unconditional growth models examined the trajectories of
depressive symptoms, memory ratings, and perceived mem-
ory decline. For NHATS, on average, reports of depressive
symptoms did not change over time (b= 0.002, SE= 0.004,
p= .679), whereas reports of poorer memory ratings (b =
0.063, SE= 0.003, p < .001) and perceived memory decline
(OR = 1.182; 95% CI: 1.134–1.233) increased over time. For
HRS, reports of depressive symptoms (b= 0.085, SE= 0.004,
p < .001), poorer memory ratings (b= 0.050, SE= 0.002,
p < .001), and perceived memory decline (OR = 1.169; 95%
CI: 1.150–1.189) increased over time.

Substantive models
Substantive analyses examined: 1) concurrent associa-
tions of memory complaints (memory ratings and per-
ceived memory decline) with depressive symptoms, 2)
lagged effects of memory complaints on depressive
symptoms, and 3) lagged effects of depressive symptoms
on memory complaints. Below we report findings after
accounting for the associations of all covariates.

Concurrent and lagged effects of memory complaints on
depressive symptoms
For NHATS, concurrent (b = 0.027, SE = 0.013, p = 0.048)
and lagged effects (b = − 0.013, SE = 0.016, p = .430) of
memory ratings on depressive symptoms were not signifi-
cant. For HRS, on average, memory ratings and depressive
symptoms were related concurrently (b = 0.179, SE = 0.015,
p < .001) such that, at waves when an individual reported
poorer memory ratings, they also reported more depressive
symptoms. Like NHATS, HRS memory ratings did not
have a positive lagged effect on depressive symptoms (b =
0.033, SE = 0.016, p = .042; see Table 3 for all estimates).
For both NHATS and HRS, on average, perceived

memory decline and depressive symptoms shared a posi-
tive concurrent association such that, at waves when in-
dividuals reported memory decline, they also reported
more depressive symptoms (NHATS: b = 0.407, SE =
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0.032, p < .001; HRS: b = 0.456, SE = 0.029, p < .001).
Additionally, perceived memory decline had a positive
lagged effect on depressive symptoms (NHATS: b =
0.195, SE = 0.032, p < .001; HRS: b = 0.269, SE = 0.030,
p < .001) such that, when individuals reported memory
decline at a given wave, they reported more depressive
symptoms at the subsequent wave (see Table 3).

Concurrent and lagged effect of depressive symptoms on
memory complaints
For both NHATS and HRS, on average, depressive
symptoms shared a positive concurrent association with

memory ratings such that, at waves when individuals re-
ported more depressive symptoms, they also rated their
memory as being poorer (NHATS: b = 0.021, SE = 0.006,
p < .001; HRS: b = 0.022, SE = 0.004, p < .001). However,
depressive symptoms did not have a lagged effect on mem-
ory ratings (NHATS: b = 0.003, SD = 0.007, p = .706; HRS:
b = 0.009, SE = 0.004, p = .029), such that reports of depres-
sive symptoms at any given wave did not predict memory
ratings at subsequent waves above chance (see Table 4).
For both NHATS and HRS, on average, depressive

symptoms shared a positive concurrent association with
perceived memory decline (NHATS: OR = 1.286, 95% CI:

Table 2 Inter-correlations among Key Study Variables at Baseline

Variable 1 2 3 4 5 6 HRS
M (SD)

1. Age (cat.) – −.075** −.158** .055** .087** .099** –

2. Education (cat.) −.097** – .375** −.122** −.006 −.149** –

3. Income (cat.) −.119** .211** – −.062** −.009 −.173** –

4. Memory Self-Rating .062** −.126** −.110** – .345** .176** 2.947 (0.983)

5. Perceived Memory Decline (cat.) .018 −.007 −.042* .276** – .161** –

6. Depressive Symptoms −.014 −.117** −.084** .232** .159** – 1.405 (1.878)

NHATS
M (SD)

– – – 2.455 (0.910) – 2.760 (1.212)

Note. NHATs coefficients are shown below the diagonal; HRS coefficients are shown above the diagonal; means and standard deviations only shown for
continuous variables. Cat. = categorical variable. Kendall Tau coefficients used for associations with categorical variables, Pearson used for continuous outcomes
**p ≤ .001, *p ≤ .01

Table 3 Results of Multilevel Models Examining Concurrent and Lagged Effects of Memory Self-Report on Depressive Symptoms

Depressive Symptoms

NHATS HRS

Model 1
b (SE)

Model 2
b (SE)

Model 1
b (SE)

Model 2
b (SE)

Intercept 2.731** (0.046) 2.705** (0.048) 1.188** (0.128) 0.864 ** (0.128)

Time 0.009 (0.006) 0.002 (0.006) 0.030** (0.005) 0.025** (0.005)

Self-rated Memorywp 0.027 (0.013) – 0.179** (0.015) –

Self-rated Memorylag − 0.013 (0.016) – 0.033 (0.016) –

Perceived 2-year Declinewp – 0.407** (0.032) – 0.456** (0.029)

Perceived 2-year Declinelag – 0.195** (0.032) – 0.269** (0.030)

Female (ref = male) 0.146** (0.031) 0.141** (0.031) 0.267** (0.052) 0.251** (0.052)

Education: < HS (ref = HS education) 0.093 (0.050) 0.082 (0.049) 0.288** (0.054) 0.322** (0.053)

Education: > HS (ref = HS education) −0.206** (0.034) − 0.216** (0.033) − 0.338** (0.069) − 0.388** (0.068)

Age category − 0.012 (0.228) − 0.049 (0.222) 0.449 (0.467) 0.394 (0.461)

Black (ref = White) 0.159** (0.038) 0.153** (0.038) 0.079 (0.079) 0.078 (0.078)

Income $15,000 - $30,000 (ref = < $15,000) 0.052 (0.045) 0.051 (0.044) −0.286** (0.062) −0.278** (0.061)

Income $30,001–$60,000 (ref = < $15,000) −0.070 (0.040) − 0.057 (0.040) −0.332** (0.075) − 0.342** (0.074)

Income > $60,000 (ref = < $15,000) −0.166** (0.041) − 0.158** (0.040) −0.399** (0.093) − 0.416** (0.092)

Single/Widowed (ref = Married/Partnered) 0.071 (0.032) 0.072 (0.032) 0.041 (0.056) −0.030 (0.056)

Note. NHATS and HRS data were analyzed in separate multilevel analyses. Additionally, Models 1 and 2 were analyzed separately. Model 1 examined the
association of self-rated memory with depressive symptoms whereas Model 2 examined the association of perceived 2-year memory decline with depressive
symptoms. Results from analyses with NHATS and HRS data are presented together for ease of comparison. All models were analyzed separately. HS = High
School; WP = baseline within person. Lag = variable information used from one-year prior. **p ≤ .001, *p ≤ .01
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1.189–1.390; HRS: OR = 1.145, 95% CI: 1.115–1.177)
such that, at waves when individuals reported memory
decline, they were also likely to report depressive symp-
toms. Depressive symptoms did not have a lagged effect
on perceived memory decline (NHATS: OR: 1.040, 95%
CI: 0.948–1.142; HRS: OR = 1.012, 95% CI: 0.982–1.043;
see Table 4).

Discussion
The current study applied an integrative analytic frame-
work to better understand temporal associations be-
tween depressive symptoms and two types of memory
complaints (memory ratings and perceived memory de-
cline) in older adults. Importantly, we found that per-
ceived memory decline was associated with future
depressive symptoms over a one- to two-year period
consistently across datasets, providing greater confidence
in this temporal sequencing of symptoms. In testing the
alternative temporal association, depressive symptoms
were not associated with future memory complaints (i.e.,
memory ratings or perceived memory decline) over
these same time intervals. We discuss the implications
of each of these findings below.
Perceived memory decline, not current memory rat-

ings, was associated with future depressive symptoms
across both datasets. This finding suggests that, on aver-
age, perceptions of memory decline rather than percep-
tions of current memory functioning may precipitate
increases in depressive symptoms for older adults. Some
older adults who perceive memory declines may be

experiencing other aspects of declining function with
age (e.g., physical health) that, together with declines in
memory functioning, lead to worsening emotional well-
being [35]. In contrast, other older adults who perceive
declines may be concerned about the meaning of those
declines such as whether they are at risk for AD or other
dementias, which may in turn lead to increased depres-
sive symptoms [36]. The mechanism that relates per-
ceived memory declines and depressive symptoms likely
varies across individuals. Older adults who perceive de-
clines in their memory functioning and experience more
depressive symptoms in reaction to this perception may
be at increased risk for clinical levels of depression in
later life. Identifying those older adults who perceive
their memory as declining could help clinicians target
this group with interventions intended to normalize the
changes in memory that are expected due to aging, and
possibly prevent clinically meaningful levels of depres-
sive symptoms. As clinical depression is a risk factor for
cognitive decline, AD, and dementia more broadly [37],
intervening earlier could help individuals maintain
healthy cognitive functioning as they age.
Depressive symptoms were consistently related to con-

current levels of memory complaints across datasets but
were unrelated to future memory complaints in these
samples. These results followed a pattern identified in
previous research on individual differences in which in-
dividuals who are depressed are more likely to report
problems with their memory [38, 39]. Memory com-
plaints may be among the varied symptoms individuals

Table 4 Results of Multilevel Models Examining Concurrent and Lagged Effects of Depressive Symptoms on Memory Self-Report

Self-rated Memory Perceived Memory Decline

Model 1 Model 2

NHATS
b (SE)

HRS
b (SE)

NHATS
OR (95%CI)

HRS
OR (95%CI)

Intercept 2.552** (0.019) 2.902** (0.061) – –

Time 0.059** (0.004) 0.048** (0.003) 1.209** (1.143–1.279) 1.144** (1.120–1.169)

Depressive Symptomswp 0.021** (0.006) 0.022** (0.004) 1.286** (1.189–1.390) 1.145** (1.115–1.177)

Depressive Symptomslag 0.003 (0.007) 0.009 (0.004) 1.040 (0.948–1.142) 1.012 (0.982–1.043)

Female (ref = male) −0.006 (0.025) −.0.122** (0.026) 1.131 (0.864–1.479) 0.885 (0.751–1.044)

Education: <HS (ref = HS education) 0.056 (0.040) 0.138** (0.027) 1.377 (0.906–2.093) 0.854 (0.720–1.013)

Education: > HS (ref = HS education) −0.193** (0.028) − 0.143** (0.035) 1.368 (1.019–1.836) 1.296 (1.048–1.602)

Age category −0.096 (0.182) − 0.356 (0.235) 1.291 (0.203–8.196) 1.200 (0.269–5.350)

Black (ref = White) 0.193** (0.031) 0.098 (0.040) 0.984 (0.709–1.367) 1.131 (0.880–1.453)

Income $15,000 - $30,000 (ref = < $15,000) 0.001 (0.036) −0.032 (0.030) 1.051 (0.727–1.521) 0.856 (0.702–1.043)

Income $30,001–$60,000 (ref = < $15,000) −0.072 (0.032) − 0.071 (0.038) 0.654 (0.459–0.932) 0.976 (0.771–1.234)

Income > $60,000 (ref = < $15,000) −0.143** (0.033) − 0.068 (0.047) 0.792 (0.558–1.124) 1.024 (0.765–1.370)

Single/Widowed (ref = Married/Partnered) 0.023 (0.026) −0.064 (0.028) 1.021 (0.777–1.343) 0.831 (0.696–0.993)

Note. HRS and NHATS datasets were analyzed in separate multilevel analyses. Additionally, the association of depressive symptoms (predictor) with self-rated
memory (Model 1) and perceived 2-year memory decline (Model 2) were analyzed separately. Results from analyses with NHATS and HRS data are presented
together for ease of comparison. All models were analyzed separately. HS = High School; WP = baseline within person. **p ≤ .001. *p ≤ .01
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experiencing negative mood are more likely to report
[40, 41]. Alternatively, individuals with depressive symp-
tomatology may be experiencing problems with their
memory and attention since impairments in these cogni-
tive domains are frequently associated with depression
[42, 43]. However, individual differences in depressive
symptoms and memory complaints provide little infor-
mation about when these symptoms develop and
whether one symptom tends to precede the other. Im-
portantly, our results indicate that depressive symptoms
did not predict future reports of memory complaints in
these samples, indicating a lack of evidence that depressive
symptoms are the primary driver of the development or
worsening of memory complaints over time. Our findings
suggest that perceived memory declines, and not ratings
of current memory functioning, are more sensitive indica-
tors of risk for future depressive symptoms.
Integrative analysis was valuable for examining these

temporal relationships across datasets using systematic
methods. By coordinating our analyses, we were able to
build stronger scientific evidence that perceived memory
decline is an important indicator of future changes in
psychological well-being that generalizes beyond a single
sample in one set of analyses. Additionally, the integra-
tive approach allows us to ensure that inconsistencies
across results were not due to differences in how covari-
ates were coded or how predictors of interest were en-
tered into the model [17]. Another advantage in the
current study was that depressive symptoms had the
same range of scores allowing us to compare results
across datasets and identify remarkably similar temporal
relationships among depressive symptoms and memory
complaints. Through such harmonious modeling and
assessment, integrated analysis revealed replicable links
between perceived memory decline and depressive
symptoms in older adults.
The current study did have important limitations. As a

secondary data analysis, both datasets were collected for
other purposes and the assessments included were restricted
by the availability of parent study data. This means that the
assessments of depressive symptoms were brief and not ap-
propriate for making clinical distinctions among partici-
pants. Additionally, the differences in the depression
measure across studies could explain some of the lack of re-
lationships observed in NHATS. Similarly, single items were
used to assess each type of memory complaint, limiting their
reliability. In spite of these weaknesses, both assessments are
face valid and captured meaningful variability in the current
samples. Another limitation was the use of community sam-
ples. Although these samples are more generalizable to the
population at large, they are restricted in their range of de-
pressive symptoms and memory complaints. A clinic-based
sample of older adults would likely express more variation
in these measures which might result in different temporal

associations for that subgroup of older adults. Finally, we re-
moved Hispanic participants as they were not well-
represented in the current samples. Individuals from diverse
ethnic backgrounds are frequently underrepresented in
these datasets and including them in group comparisons
risks drawing invalid conclusions based on statistical tests
[44]. With markedly unbalanced cell sizes, such comparisons
violate statistical assumptions (e.g., homogeneity of vari-
ance). Future work is needed to increase the representation
of these groups in large national samples, as well as empir-
ical work that focuses on these specific subgroups to begin
building the evidence for psychological processes across
racial and ethnic groups.
Our findings hold potential practice implications, par-

ticularly for the assessment of memory complaints and
subclinical depression. The differential diagnosis of early
dementia and late-life onset depression is a known clinical
challenge when patients present with combinations of
cognitive, affective, and behavioral symptoms [45]. Cogni-
tive screening measures frequently used in clinical set-
tings, such as the Mini-mental state examination (MMSE
[46];), lack sensitivity for identifying milder cognitive defi-
cits and do not discriminate cognitive symptoms of de-
pression from cognitive impairment due to other causes
[47]. Since self-reported memory problems may be the
earliest symptomatic indicator of AD when cognitive test-
ing is normal [48, 49], and depressive symptoms are
known to co-occur with these reports [9, 50], identifying
the most common trajectory of these overlapping symp-
toms is important for guiding early intervention. Asking
older adults specifically about their perception of memory
decline may better identify those at higher risk for subse-
quent depressive symptoms; furthermore, addressing con-
cerns about memory decline may help prevent future
depression in some older adults.

Conclusions
The current study took an integrative analytic approach
to better understand the concurrent and temporal rela-
tionships between memory complaints and depressive
symptoms among cognitively intact older adults. Results
showed that depressive symptoms tend to co-occur with
poorer memory ratings and perceived memory decline
in older adults; however, depressive symptoms were not
predictive of future memory complaints. In contrast,
older adults’ perceived memory decline did predict
future depressive symptoms. These findings were repli-
cated across two nationally representative datasets and
thus, provide strong evidence that perceived memory
decline is an important predictor of future depressive
symptoms in older adults. Future studies that examine
memory complaints in older adults should consider the
differential associations between different types of com-
plaints and depressive symptoms.
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