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ABSTRACT

Objectives: To explore the strength of the association between cognitive functioning and depression and anxiety in older people
without dementia.

Methods: An exploratory, cross-sectional analysis of Wave 1 (2004-2007) data from the Lothian Birth Cohort 1936 dataset.
Three subgroups were based on Hospital Anxiety and Depression Scale (HADS) subscales: no probable anxiety or depression
(N = 592), probable anxiety no depression (N = 122), probable depression with/without anxiety (depression) (N = 30).
Regression analyses determined relationships between subgroups and identified cognitive test variables.

Results: Participants were 744 individuals (male = 385 [51.5%]; mean [M] age = 69.5 years [Standard deviation = 0.83]);
characteristics for subgroups were similar. Participants with probable depression had slower simple reaction time scores than
those with no anxiety or depression (regression slope [5] on the logl0 scale = 0.05, 95% Confidence Interval [0.03, 0.08],
p < 0.001). Those with probable anxiety had significantly worse scores on other tests: Spatial span (§ = —0.80 [-1.36, —0.25],
p < 0.005), Symbol Search (f = —1.67 [—2.90, —0.45], p < 0.01), Matrix Reasoning (8 = —1.58 [-2.55, —0.60], p < 0.005) and
Block Design (8 = —3.33 [-5.29, —1.37], p < 0.001), than those without probable anxiety or depression.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly

cited.

© 2024 The Author(s). International Journal of Geriatric Psychiatry published by John Wiley & Sons Ltd.
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Conclusion: Probable depression and anxiety were found to be associated with lower cognitive function in those without

evidence of dementia. People with probable anxiety showed poorer performance in tests that concerned making decisions.

People with probable depression showed slower processing speed.

1 | Introduction
1.1 | Background

In the UK, the number of people aged 65 years and over is
increasing Office for National Statistics [1, 2]. Advancing age is
associated with higher risk of disability and of complex health
challenges [1, 3] consequently, maintaining wellbeing in this
population is a public health priority both in the UK [4] and
internationally [5, 6]. Wellbeing in old age can be defined as
high functioning in three domains: physical, cognitive and so-
cial functioning [7, 8].

Cognitive functioning incorporates a multitude of processes
which enable people to make sense of the world around them,
and make sensible decisions [9]. To assess these processes,
researchers and clinicians select from a variety of available
tasks to understand specific cognitive skills [10-12]. Several
aspects of cognitive function in older adults have been
explored. Cognitive functioning changes as people get older,
with normal ageing associated with declining speed and con-
sistency of memory, executive functions, processing speed and
reasoning [13, 14]. Sex differences have been related to specific
cognitive skills and there are differences in the prevalence
rates of depression or anxiety in men and women [15, 16].
Educational attainment has been linked to both cognitive
functioning [17] and mental health [18], as has intelligence
(Intelligence Quotient; IQ) as a measure of prior cognitive
functioning [19, 20].

Cognitive function and anxiety or depression, as from clinical
experience and from the literature, are associated [21-24]
and prevalence rates of anxiety and depression have been
reported to rise in older adults compared to younger adults
[25-27]. Indeed, an association between cognitive function
and anxiety and depression has been found in older adults
[28]. Earlier work in the Lothian Birth Cohort 1921 showed
that people who scored higher on HADS anxiety relative to
other same-aged individuals demonstrated poorer cognitive
performance on average. For depression, scoring higher than
usual on HADS depression was associated with poorer
cognitive performance relative to the average level for that
participant [29]. However, those studies looked at cognitive
function in general and did not take potentially developing
dementia into account, or focused on the role of anxiety and
depression in cognitive decline measured by a general mea-
sure such as the Mini Mental State Examination (MMSE),
and development of dementia [30]. Furthermore, they looked
at depression and anxiety as linear scores rather than as
indicators of depression or anxiety as probable mental health
conditions.

1.2 | Rationale

For clinical purposes, it would be relevant to know if there are
general differences in cognitive performance between older
adults with depressive or anxiety conditions, and if this can be
linked to specific cognitive tests. Also, it would be relevant to
know the extent of the association between anxiety and depres-
sion in cognitive problems in people who did not develop de-
mentia later on. In understanding the association between
depression/anxiety and cognitive differences in ageing, it is thus
critical to parse apart those effects from the potential confounding
of prodromal dementia even in the absence of overt symptom-
atology at the time of testing. To this purpose, this study focuses
on cognitive functioning in community-dwelling older adults
without dementia. We sought to explore whether probable anx-
iety and probable depression as established by the Hospital
Anxiety and Depression Scale (HADS) cut scores are associated
with poorer cognitive functioning in people without dementia in
the Lothian Birth Cohort 1936 (LBC1936).

1.3 | Objectives

The analyses described in this paper were focused on answering
the following research questions:

1. Does cognitive functioning differ between probable anxiety
and probable depression in older adults without dementia?

2. What is the strength of association between cognitive tests
and (a) probable anxiety or (b) probable depression with or
without anxiety, from now on termed probable depression,
in older adults without dementia?

1.4 | Hypothesis

We hypothesised that cognitive functioning in the subgroups of
people with probable anxiety and probable depression would
differ with the subgroup scoring below the threshold for prob-
able anxiety or probable depression on the HADS. We also
hypothesise that scores on cognitive tests might differ between
probable anxiety and probable depression.

2 | Materials and Methods

2.1 | Study Design

An exploratory cross-sectional analysis of Wave 1 data nested
within a multiple wave longitudinal cohort study. The study is
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Summary

o Probable anxiety and probable depression as measured
using the HADS are associated with cognitive impair-
ments at age ~70 years.

» Cognitive impairments associated with probable anxiety
and depression differ for specific cognitive tasks.

reported according to the Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) guidelines
[31]; a checklist is included as Table S1.

2.2 | Setting

The Lothian Birth Cohorts are ongoing longitudinal research
studies of older adults which collect data relevant to under-
standing brain health and age-related changes. Ethical permis-
sion was obtained from the Multi-Centre Research Ethics
Committee for Scotland (MREC/01/0/56) and from Lothian
Research Ethics Committee (LREC/2003/2/29; [32]). This
research involves analysis of the 1091 community-dwelling
older adults of the LBC1936 cohort who were residents in the
Edinburgh and Lothians area of Scotland when recruited at
~70 years old and most of whom had participated in the Scottish
Mental Survey of 1947 [33, 34] at age 11 years. Data used for the
analyses in this study included information generated at wave 1
(2004-2007). Wave 1 data were selected as the largest sample
available in the LBC1936 dataset; however, only people who

LBC1936 Wave 1 participants
N=1091

returned for Wave 2 (2007-2010) and consented to record
linkage (N = 865) were included in this analysis since dementia
outcome data are unavailable for other Wave 1 participants.
This offers opportunities to act as a baseline for comparison
with other wave data. Dates of follow-up data collection have
been reported previously [33, 34].

2.3 | Participants and Study Size

The current analysis concerns data collected at Wave 1 (between
2004 and 2007). From this sample, participants who did not
return for Wave 2 and consent to record linkage (N = 226) and
individuals considered to have dementia at any time point
(following a multi-component medical records review and
consensus meeting of clinicians, completed in 2022 [35],
N = 118) were excluded from the analysis. Figure 1 illustrates
the participants included in the current analysis; from a possible
sample of 1091 individuals who participated in the LBC1936
study in 2004 (wave 1), those who consented to record linkage,
showed no signs of dementia and provided HADS data were
included in this analysis (n = 744).

2.4 | Variables and Measurement

Variables included in the LBC1936 wave 1 dataset have previ-
ously been described in detail [32, 33]. Those included in this
analysis are outlined in Table 1.

Participants who did not return for wave 2 and
consent to record linkage

N=226

Participants with no evidence of
dementia

N=747

Participants included in current
analysis

N=744

Participants who returned for
Wave 2 and consented to record
linkage
N=865

FIGURE 1 | Flow chart of participants included in the analysis.

Participants who showed signs of dementia

N=118

Participants with no HADS data
N=3
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TABLE 1 | Description of variables used for analysis.

Variable type Variable

Scoring information References

Predictor variables:

scores

Outcome variables:
Cognitive summary
scores

learning and memory)

Symbol search (speed of information

processing)

Hospital anxiety and depression scale
Mental health subgroups (HADS): Anxiety and depression subscale

Spatial span tests (non-verbal, spatial

The HADS is a single, 14-item [36, 37]
questionnaire with seven questions
relevant to anxiety and seven questions
relevant to depression. Items are scored
between 0 and 3; both subscales range from
0 to 21. The subscales are well-validated
and provide a probable diagnosis of
depression (HADS-D) or anxiety (HADS-A)
for those scoring above the cut point of 8,
established as the optimal cut-off for
detecting probable symptoms of depression
and anxiety

The total score combines spatial span [63]
forwards and spatial span backwards
scores. Scores range between 0 and 32;
higher scores indicate more correct
responses

In this timed task, participants identify [32, 64]
pairs of symbols as quickly as possible in
the allotted time. Higher scores indicate

increased speed and accuracy of

information processing

Simple reaction time (speed and variability In this timed task, participants react to a [32]

of simple information processing)

Matrix reasoning (non-verbal reasoning)

Block design total score (constructional

ability)

Covariates Sex

Educational attainment

1IQ (Moray House Test score aged 11 years) The Moray House Test had 71 items and

pre-specified stimulus as quickly as
possible. Each participant completes 20
trials. Higher mean values indicate slower
processing speed

This test contains 26 items higher scores [64]
indicate more correct responses

Scores range between 0 and 66 with higher [64]
scores indicating better visuospatial
functioning

Male/female
Number of years in full-time education

[65, 66]
eight practice items with scores ranging
between 0 and 76. Scores were corrected for
age in days at the time of testing and then
converted to IQ scores

2.5 | Subgroup Definitions

To fulfil objective 1, participants were separated into three
subgroups concerning probable depressive or anxiety symp-
toms as measured by the Hospital Anxiety and Depression
scale (HADS; [36, 37]). The HADS was originally intended to
identify symptoms regarding the emotional component of a
physical illness, by distinguishing them from those physical
items that may be caused by the physical condition itself. The
HADS has been extensively validated [38] and both subscales
of the HADS have a good internal consistency (Cronbach's
alpha for HADS-D ranges from 0-67 to 0-90; Cronbach's alpha
for HADS-A ranges from 0-68-0-93; [36]). The HADS has
been widely used in people with medical illnesses, and its

factor structure was confirmed [39]. In this study, widely used
cut points were used to indicate probable anxiety and prob-
able depression [36] and to form the following subgroups for
subsequent analysis:

® no anxiety or depression (HADSA < 8 and HADSD < );

e probable anxiety but no depression (HADSA > 8 and
HADSD < );

e probable depression (HADSD > 8).
Histograms of the HADS anxiety and depression subscales with

the cut-point used for this sample are included in the Figures S1
and S2.
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2.6 | Bias

Individuals participating in the LBC1936 study volunteered to
participate in this study and therefore the data and results may be
affected by selection bias. Range restrictions of that bias in terms
of age 11 IQ relative to the whole population and the extent to
which that sort of bias might have an impact of the effect sizes
detected have been explored previously [33, 34]. Additionally, the
consent item allowing the linkage of study data with healthcare
records was only added at Wave 2. Thus, dementia ascertainment
was only feasible on those Wave 1 participants who subsequently
provided consent, potentially leading to ascertainment bias which
may have affected the results of this analysis.

2.7 | Statistical Analysis
2.7.1 | Selection of Cognitive Outcomes

To explore differences in cognitive abilities between people
included in the three HADS subgroups, linear regression analyses
were conducted for each of the cognitive summary variables,
collected in Wave 1, to identify relevant outcome variables. Var-
iables indicating statistically significant differences between the
probable anxiety and depression subgroups and the no anxiety or
depression subgroup were then included as dependent variables
in the multivariate regression analysis. Cognitive variables indi-
cating no evidence of statistically significant differences between
subgroups are indicated in Table S3. One of the cognitive variables
in the dataset was not normally distributed and therefore a log
transformation of this variable was included in the analyses
(simple reaction time mean).

2.7.2 | Exploration of Cognitive Functioning in Probable
Anxiety and Probable Depression in Older Adults Without
Dementia

To fulfil objective 1, HADS scores were used to group partic-
ipants in this sample into (1) those with no probable anxiety or
depression, (2) those with probable anxiety but no probable
depression, and (3) those with probable depression with or
without anxiety. The cut-points used are widely used in clin-
ical practice and therefore we anticipate the findings to be
relevant to clinicians. Linear regression analyses were run due
to the continuous cognitive variables which were included as
outcome measures in our analyses. Descriptive statistics were
provided for all included variables, providing frequencies and
percentages, or means and Standard Deviations (SD) as
appropriate for the full wave 1 sample and for the three HADS
subgroups within the wave 1 sample after excluding in-
dividuals with missing HADS scores and those with evidence
of dementia. Differences between subgroups relating to the
included demographic characteristics were assessed using
Pearson Chi-squared and Fisher's exact Test for categorial
variables and linear regression analyses for continuous
variables.

To fulfil objective 2, multivariate regression analysis was used to
ascertain the strength of association between cognitive function

and the three HADS subgroups. This analysis was conducted on
complete cases and non-standardised regression coefficients are
reported for the following models:

1. Model 1: HADS subgroups only;
Model 2: HADS subgroups and sex;

Model 3: HADS subgroups sex and years in education;

S

Model 4: HADS subgroups, sex, years in education and IQ
at 11 years.

Additional multivariate regression models were subsequently
run using a stepwise approach to ascertain whether a single
covariate was influential in the results of Model 4.

2.8 | Missing Data

Missingness was low for included variables with IQ based on the
Moray House Test variable having the highest rate of missing
data (5.9%) and most variables having < 1% missing cases. Since
missingness in this dataset was minimal, complete case data
were used for these analyses.

Statistical analyses were conducted using STATA 18.0 [40] and
SPSS version 29 [41]. Given the multiple testing and the
exploratory character of the analysis [42, 43], a significance level
of p < 0.01 was applied.

3 | Results
3.1 | Participants

The main sample used for this analysis consisted of 744 par-
ticipants from Wave 1 without a consensus diagnosis of de-
mentia and with HADS data, see Figure 1.

3.2 | Demographic Characteristics

Demographic characteristics for individuals in each of the three
HADS subgroups and for the main sample are shown in Table 2.
Most participants were Male (n = 385, 51.5%) with a mean age
of 69.51 years (SD = 0.83). We had strong evidence of a larger
proportion of females with probable anxiety (n = 87, 71.3%) and
of males with probable depression (n = 19, 63.3%; X = 31.032
(2), p < 0.001).

3.3 | Outcome Data

Using cognitive summary variables, we had strong evidence of
statistically significant differences between HADS subgroups for
five cognitive outcomes. Regressions used ‘no probable anxiety or
depression’ as the reference subgroup. The mean (sd) scores for
these outcomes for each of the HADS subgroups are presented in
Table 3. As shown, we had strong evidence that the subgroup with
no anxiety or depression outperformed those with probable
anxiety or probable depression on all cognitive variables. For the
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TABLE 2 |

Demographics of LBC1936 participants in wave 1 and participants in each HADS subgroup.

Total wave 1

No anxiety or

Probable anxiety, no

Probable

(n = 744) depression (n = 592) depression (n = 122) depression (n = 30) p values

Age in years

Mean (sd) 69.51 (0.83) 69.52 (0.83) 69.53 (0.82) 69.52 (0.97) 0.81
Sex

Male 385 (52) 329 (56) 35 (29) 19 (63)

Female 362 (49) 263 (44) 87 (71) 11 (37) < 0.001
No. of years in education

Mean (sd) 10.81 (1.15) 10.83 (1.14) 10.72 (1.11) 10.63 (1.33) 0.41
IQ (moray house test)

Age 11 101.03 (14.97) 101.64 (14.51) 99.44 (15.01) 96.10 (21.36) 0.02

mean (sd)

Missing 44 (6.0) 36 (6.0) 8 (6.6) 0 (0.0)
HADS

Total score 7.45 (4.37) 5.89 (3.03) 12.71 (2.66) 16.80 (4.04)

mean (SD)

HADS A 4.76 (3.10) 3.62 (2.09) 9.53 (1.76) 7.73 (3.64)

mean (sd)

HADS D 2.69 (2.14) 2.27 (1.63) 3.18 (1.87) 9.07 (1.57)

mean (sd)

Missing 3 (0.4) 0 (0.0) 0 (0.0) 0 (0.0)

Note: Number (percentages) are reported unless otherwise specified.
Abbreviations: HADS A = Hospital Anxiety and Depression scale Anxiety subscale, HADS D = Hospital Anxiety and Depression scale Depression subscale,
No. = number, sd = standard deviation, SIMD = Scottish Index of Multiple Deprivation.

TABLE 3 | Cognitive outcome scores for HADS subgroups in LBC1936 wave 1 participants without dementia.
No anxiety or Probable anxiety, no Probable
depression depression depression Linear regression

Cognitive outcome N = 592 N =122 N=30 p value
Spatial span total 15.1 (2.86), n = 590 14.3 (2.73) 14.3 (2.84) 0.010
Symbol search 25.8 (6.25), n = 592 24.1 (6.14) 23.1 (7.61) 0.006
Simple reaction time mean 0.27 (0.05), n = 591 0.28 (0.05) 0.31 (0.10) < 0.001
(seconds)
Matrix reasoning total score 14.4 (4.97), n = 592 12.9 (4.86) 13.6 (6.04) 0.006
Block design total score 35.6 (10.11), n = 591 32.3(9.13) 32.4 (12.36) 0.002

Note: Mean (sd), and number of observations are presented, in addition to p-values for the difference in raw cognitive scores between the three subgroups. No data were
missing for cognitive outcome variables in the following subgroups: probable anxiety, no depression; and probable depression.

Spatial Span total score, and Block Design total score the mean for
those with probable anxiety or probable depression was very
similar. The subgroup with probable depression performed worse
on the Simple Reaction Time (5 = 0.05 [0.03, 0.08]) and Symbol
Search (8 = —2.58 [—4.89, —0.26]) tasks than those with no
probable anxiety or depression. In contrast, those with probable
depression performed slightly better than those with probable
anxiety on the Matrix Reasoning task (8 = —0.79 [-2.62, 1.05])).
Coefficients, confidence intervals and significance values for
these regressions are included in Table S2. Outcome scores by
subgroup for the cognitive summary variables not included in the
analyses are shown in Table S3. High scores indicate better per-
formance on Spatial Span, Symbol Search, Matrix Reasoning and

Block Design tasks. Lower scores indicate better performance for
Simple Reaction Time task. Regressions used ‘no anxiety or
depression’ as the reference subgroup.

3.4 | Main Results

3.4.1 | Cognitive Functioning in Probable Anxiety

Findings from complete case regression models are presented in
Table 4. For most measures of cognitive functioning, the sub-
group with probable anxiety were found to have lower scores,
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TABLE 4 | Coefficients and associated 95% confidence intervals for multivariate regression models using complete cases.

Probable anxiety, no depression

Probable depression

Confidence Confidence
B interval 8 interval

Dependent variable (Exp B.)?* Sig. Lower Upper (Exp B.)* Sig. Lower Upper
Spatial span total

Model 1 —0.80 0.005 —-1.36 -0.25 -0.77 0.146 -1.81 0.27

Model 2 —0.60 0.035 -1.17 —0.04 —-0.83 0.115 —-1.87 0.20

Model 3 —0.57 0.045 -1.13 -0.01 -0.77 0.142 —1.80 0.26
Symbol search

Model 1 -1.67 0.008 -2.90 —0.45 —2.65 0.025 —4.96 —-0.35

Model 2 -1.76 0.006 -3.01 -0.51 —2.63 0.026 —4.93 —0.32

Model 3 -1.59 0.010 -2.79 —-0.39 -2.33 0.040 —4.55 -0.11
Simple reaction time mean®

Model 1 0.01 (1.01) 0.346 -0.01 0.02 0.05 (1.06) < 0.001 0.03 0.08

Model 2 0.01 (1.01) 0.373 -0.01 0.02 0.05 (1.06) < 0.001 0.03 0.08

Model 3 0.01 (1.01) 0.468 -0.01 0.02 0.05 (1.05) < 0.001 0.02 0.08
Matrix reasoning total score

Model 1 —1.58 0.002 —2.55 —0.60 -0.79 0.396 -2.63 1.04

Model 2 —-1.40 0.006 —2.40 -0.41 -0.84 0.366 —2.68 0.99

Model 3 -1.26 0.009 -2.21 -0.31 —0.59 0.507 -2.35 1.16
Block design total score

Model 1 -3.33 0.001 -5.29 -1.37 -3.24 0.09 —6.93 0.44

Model 2 —-2.72 0.007 —-4.70 -0.73 —-3.42 0.067 =7.09 0.25

Model 3 —-2.43 0.012 —4.33 -0.53 —-2.92 0.102 —-6.43 0.59

Note: Reference subgroup: No anxiety or depression. Model 1 = Dependent variables only. Model 2 = Dependent variables and sex. Model 3 = Dependent variables, sex

and years in education. Bold text indicates statistically significant models.

*Variable uses Logl0 transformation. Logl0 coefficient (8) and exponentiated coefficients shown.

indicating better cognitive functioning, than those with no
probable anxiety or depression.

Lower total scores on Spatial Span tasks were found for those
with probable anxiety (Model 1 8 = —-0.80 [-1.36, —0.25],
p < 0.005). This indicates poorer performance relating to non-
verbal, spatial learning and memory. Lower scores concerning
the Symbol Search task were also noted (Model 1 8 = —1.67
[-2.90, —0.45], p < 0.01; Model 2 8 = —1.76 [-3.01, —0.51],
p < 0.01; Model 3 8 = —1.59 [-2.79, —0.39], p < 0.01), indi-
cating reduced speed of information processing and were
maintained when analyses took account of sex and years in
education.

Non-verbal reasoning scores (Matrix Reasoning) were lower in
people with probable anxiety (Model 1 8 = —1.58 [-2.55, 0.60],
p < 0.005). This finding remained statistically significant when
accounting for sex (Model 2 § = —1.40 [-2.40, —0.41], p < 0.01)
and years in education (Model 3 8 = —1.26 [-2.21, —0.31],
p < 0.01).

Finally, visuospatial functioning as measured using the Block
Design total score was lower (by approximately 3 points) which
indicates poorer performance on this task for those with

probable anxiety (Model 1 § = —3.33 [-5.29, —1.37], p < 0.001).
This finding was consistent when analyses accounted for the
effects of sex (Model 2 § = —2.72 [-4.70, —0.73], p < 0.01) but
not when accounting for years in education (Model 3 § = —2.43
[—4.33, —0.53], p > 0.01).

3.4.2 | Cognitive Functioning in Probable Depression

People with probable depression completed Simple Reaction
Time tasks on average 4 s slower than those with no anxiety or
depression (M = 0.31 and M = 0.27 s respectively, see Table 3).
When included in multivariate regression modelling, statisti-
cally significant differences between those with no probable
anxiety or depression and those with probable depression were
observed. This finding was statistically significant when
considering cognitive outcomes (Model 1 § = 0.05 [0.03, 0.08],
p < 0.001), when accounting for sex (Model 2 § = 0.05 [0.03,
0.08], p < 0.001) and years in education (Model 3 8 = 0.05 [0.02,
0.08], p < 0.001). This indicates slower information processing
speed in people with probable depression compared to those
with probable anxiety or no indication of anxiety or depression
using HADS subscales.
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When IQ at age 11 was included (Model 4; Table S4), the only
identified statistically significant association between HADS
subgroups and cognitive function which remained was between
those with no probable anxiety or depression and those with
probable depression for Simple Reaction Time (Model 4 § = 0.05
[0.02, 0.07], p < 0.001).

4 | Discussion
4.1 | Key Results

This research has found that probable anxiety is related to
poorer cognitive performance in older adults; particularly tasks
concerning non-verbal reasoning, spatial learning and memory,
visuospatial functioning and speed of information processing.
To summarise, older adults with probable anxiety showed
poorer performance in tests that concerned making decisions.
This aligns with clinical appraisals that being in doubt regarding
decision making is anxiety related.

Older adults with probable depression showed slower process-
ing speed, which aligns with clinical signs of overall slowing of
cognitive and motor function in depression. Given that these
findings occur in a sample that after 59 years follow up showed
no signs of cognitive decline in the context of dementia, it is
probable that the cognitive effects are related to the anxiety or
depressive symptomatology per se.

These findings remained consistent for most cognitive variables
when the analyses took account of participant sex and the
number of years in education; however, the statistically signif-
icant differences identified were not sustained when IQ at age
11 was accounted for. This suggests that high IQ at a young age
protects against worse cognitive functioning in the context of
anxiety and depression in older people without dementia.

4.2 | Limitations of the Study

The LBC1936 cohort offers a unique opportunity to understand
cognitive ageing; however, this work does have limitations. Due
to the self-selecting nature of participation, selection bias may
be present in the sample [44]. The data included in our analyses
rely on responses to a self-report questionnaire to define the
HADS subgroupings [36, 37]. The HADS is a widely used and
validated measure which is used to screen for mental disorders
in a wide range of settings; however, the subgroups reported
cannot be considered to reflect clinically diagnosed anxiety or
depressive disorders. Their usefulness for this analysis is that
the findings may inform further exploration of cognitive func-
tion in people diagnosed with anxiety disorder or depressive
disorder. Although creating subgroup categories rather than
using continuous HADS scale scores may have reduced the
statistical power in this study, this does not seem to have
affected the results. Rather, it provides the opportunity to
compare probable anxiety and depression in terms of what
cognitive problems may be expected and this contributes to the
clinical relevance of these findings.

4.3 | Strengths of the Study

A strength of this work is the exclusion of people who were
known to develop dementia subsequently. There is a complex
relationship between depressive symptoms and the onset of
clinical dementia; depression is considered a risk factor for de-
mentia [45], and prodromal symptoms of dementia may be
diagnosed as depression [46]. In understanding the association
between probable depression or anxiety and cognitive differ-
ences in ageing, it is critical to parse apart those effects from the
potential confounding of prodromal dementia even in the
absence of overt symptomatology at the time of testing.
Including careful and painstaking clinical dementia ascertain-
ment over the following ~17 years from initial assessment, our
work provides valuable new insights on the interplay between
depressive symptoms and cognitive ability in older community-
dwelling adults without dementia, to further inform this debate.
This makes this an innovative study.

Although based on previous literature we could hypothesise that
an association between cognitive function and anxiety or
depression would exist, the analysis according to subgroups of
probable anxiety or depression that might be of clinical rele-
vance, and the focus on specific cognitive tests that might score
differently in those subgroups, is exploratory in nature. This
would increase the risk of interpreting relationships as statisti-
cally significant when in fact they are not. To reduce the risk of
these type 1 errors, a conservative significance level of 0.01 was
used when reporting results and multivariate multiple regres-
sion methods were chosen to reduce issues relating to multiple
testing [47], this is another strength of the study.

This project also provides additional value beyond identifying
statistically significant associations which are clinically relevant.
Data from the LBC1936 cohort were used to better understand
the nature of the relationship between childhood intelligence
and cognitive functioning in those with symptoms of anxiety
and depression as older adults.

4.4 | Interpretation

Our findings show that in older adults without evidence of de-
mentia developing at a later stage, the presence of probable
anxiety is associated with poorer performance in tests that
concerned making decisions, and probable depression is asso-
ciated with slower processing speed. In all cases, childhood
intelligence appeared to be protective against worse cognitive
functioning in older age. In the case of visuospatial functioning
in those with anxiety, education also appeared to be a protective
factor. Subsequently, a longitudinal analysis in the Lothian
Birth cohort could explore test scores in similar subgroups in
older adults who do develop dementia over the years.

The particularities of these test outcomes should then be
repeated in clinical research to confirm our findings in samples
of clinical populations diagnosed anxiety or depressive disorders
that are followed over time to exclude people developing de-
mentia. For such an analysis in clinically confirmed diagnostic
subgroups, standardised effect sizes could be used for test
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outcomes to better compare the magnitude of the effect rather
than just having the Beta and p-value of raw scores. Such an
analysis in clinically validated diagnostic groups could inform
how much larger some effects are than others. If the findings
would be replicated in such a sample, clinical test protocols
could be laid out in such a way to discern cognitive problems
linked to anxiety or depressive disorders from those occurring in
the context of developing dementia.

In relation to earlier work, for example the meta-analysis con-
ducted by John et al. [30], finds an association between depression
and cognitive decline, but they could not find an association with
anxiety due to lack of sufficient studies. This study adds much
needed evidence, offering findings in people with probable anx-
iety as well, and also delineating differences in the cognitive tests
that people with probable anxiety or probable depression score
lower on. Lifelong cognitive differences are relatively stable and
as such it is valuable to have quantified how far this association
between depression or anxiety with cognitive functioning in older
age is partly accounted for by lifelong cognitive/educational dif-
ferences. Our findings are in line with the extant literature on the
impact of childhood intelligence (including data from the present
cohort; [48-51]) and education [17] on cognitive functioning in
older age; further research is required to assess cognitive reserve
in those without the context of dementia.

Regarding the covariates, the LBC1936 dataset reflects a higher
proportion of females than males with probable anxiety, and a
higher proportion of males than females with probable depres-
sion. This finding for anxiety is in line with previous research
which has suggested that anxiety disorders are more prevalent in
women than men [52, 53]; however, the finding that probable
depression was more common in men than women is not
consistent with the wider research literature [54, 55]. This may be
due to the small sample size of those with probable depression in
the LBC1936 cohort (n = 30), the use of a self-report screening
measure rather than a formal diagnosis or could possibly reflect
differences in reporting and healthcare service access between
men and women with symptoms of depression [52].

This work compliments a large body of published research
literature examining cognitive functioning in older adults [8,
56-62]. With the recent update enabling researchers to discern
those who subsequently develop dementia in the LBC 1936
cohort, further research is now warranted to examine the
physical, psychological and social factors associated with
healthy cognitive ageing.

5 | Conclusions

Findings from this study provide an opportunity to consider
how probable anxiety or depression are related to cognitive
functioning in older people without evidence of developing
dementia. From the LBC 1936 dataset, it is clear that probable
anxiety and probable depression as measured using the HADS
are associated with cognitive impairments that differ in per-
formance for specific cognitive tasks at age ~70 years. However,
these findings may at least partly reflect a lifelong relationship
in functioning differences, since they did not survive correction

for early life cognitive differences. Further research is now
needed to understand how these findings relate to cognition in
people as they grow older, and what role probable depression
and anxiety may play in cognitive impairment in older adults.
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