


with dementia. Using a clinical cutoff for likely depression (CES-D �4), we found statistically

significant increases in the probability of depression between 2018/2019 and November/

December 2020 for those with no impairment (0.110 (0.099 to 0.120) to 0.206 (0.191 to

0.222)) and mild impairment (0.139 (0.120 to 0.159) to 0.234 (0.204 to 0.263)).

We also found that differences according to cognitive function that existed before the

pandemic were no longer present by June/July 2020, and there were no statistically signifi-

cant differences in depression or anxiety among cognitive groups in November/December

2020. Wealth and education appeared to be stronger drivers for depression and anxiety,

respectively, than cognitive impairment. For example, those with no impairment in the rich-

est two-thirds scored 1.76 (1.69 to 1.82) for depression in June/July, compared to 2.01 (1.91

to 2.12) for those with no impairment in the poorest third and 2.03 (1.87 to 2.19) for those

with impairment in the poorest third. Results may be limited by the small number of people

with dementia and are generalizable only to people living in the community, not to those in

institutional care settings.

Conclusions

Our findings suggest a convergence in mental health across cognitive function groups dur-

ing the pandemic. This suggests mental health services will need to meet an increased

demand from older adults, especially those not living with cognitive impairment. Further,

with little significant change among those with dementia, their existing need for support will

remain; policymakers and care practitioners should ensure this group continues to have

equitable access to mental health support.

Author summary

Why was this study done?

· Earlyresearchconductedafterthestartof theCOVID-19pandemicsuggestedthat the
pandemicwashavinganegativeimpacton mentalhealth.

· Olderpeoplewith cognitiveimpairmentor dementiaaremorevulnerableto thenega-
tive impactsof thepandemic,andtheytendto haveworsementalhealththanolderpeo-
plewith no cognitiveimpairment.

· Thisstudywasdoneto testwhetherchangesin mentalhealthovertime throughthe
pandemicwasassociatedwith cognitiveimpairment,alongwith whetherassociations
variedaccordingto keysourcesof sociodemographicinequality.

What did the researchers do and find?

· Thisstudydrawson therichnessof theEnglishLongitudinalStudyof Ageing,astudyof
peopleaged50+in England,whichprovidesarobustwayof assessingcognitivefunction
andmentalhealth(in termsof depressionandanxiety)andincludesmeasurements
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beforethepandemic(2018/2019)andat2 time pointsduring it (June/JulyandNovem-
ber/December2020).

· Usingastatisticalapproachcalledconditionalgrowthcurvemodelling,wefound that
depressionandanxietyworsenedfor peoplewith no cognitiveimpairmentor mild cog-
nitive impairmentbetween2018/2019andNovember/December2020.Averagedepres-
sionscoresincreasedfrom 1.17to 2.03and1.30to 2.16,respectively,whileanxiety
ratingsincreasedfrom 2.20to 2.85and2.48to 3.14.

· Whenusingameasurefor likely clinicaldepression,wefound theprobabilityof clinical
depressionalsoincreasefor peoplewith no cognitiveimpairmentor mild cognitive
impairmentbetween2018/2019andNovember/December 2020,from 0.110to 0.206
and0.139to 0.234,respectively.

· In termsof inequalities,wealthandeducationappearedto bestrongerdriversfor
depressionandanxiety,respectively,thancognitiveimpairment.Forexample,those
with no impairmentin therichesttwo-thirdsscored1.76for depressionin June/July,
comparedto 2.01for thosewith no impairmentin thepoorestthird and2.03for those
with impairmentin thepoorestthird.

What do these findings mean?

· Our findingssuggestaconvergencein mentalhealthovertime amongdifferentcogni-
tive function groups,with similaroutcomesin November/December2020for those
with no impairment,mild cognitiveimpairment,or dementia.

· Healthprofessionalswhoprovidementalhealthsupportto olderpeoplein thecommu-
nity shouldbeawarethat increasingdemandfor supportis likely to comefrom those
with no or mild cognitiveimpairment.

· With little significantchangein mentalhealthfor thosewith dementia,thoseproviding
supportwill needto ensurethisgroupcontinuesto accessservicesdespitecompeting
demandsfrom thosewith no or mild cognitiveimpairment.

Introduction

Researchersandpolicymakerscontinueto beinterestedin theimpactof theCoronavirusDis-
ease2019(COVID-19)pandemicon mentalhealth.Studieshaveidentifieddeclinesin mental
healthoverthecourseof thepandemicacrosstheworld, linked to concernsoverinfection,the
consequencesof lockdownandisolationmeasures,risksrelatedto job insecurityandfinancial
worries,anddisruption in day-to-dayactivities[1±5].While earlyfindingsdrewon internet-
basedsurveysduring thepandemic[6±8],morerecentresearchhasexaminedpandemicexpe-
riencescomparedto information collectedbeforethepandemic[2,9±15].

Differentgroupsof thepopulationfacedistinct challengeswith respectto maintaining
goodmentalhealthandhowthepandemicimpactedtheir lives.Theprevalenceof anxietyor
depressionhasbeenfound to declinewith increasingage[16,17].While olderadultsareat
greaterrisk of adverseoutcomesfrom exposureto COVID-19andhavebeenlinked to greater
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worriesaboutit [18], olderagehasbeenlinked to bettermentalhealthin termsof anxietyand
depressionduring thepandemic[19,20].Nonetheless,olderpeopledid experienceadeteriora-
tion in mentalhealthoverthecourseof thepandemiccomparedto beforeits onset[21].

Olderadultsarealsonot ahomogeneousgroup,andthelikelihoodof living with conditions
suchascognitiveimpairmentor dementiaincreaseswith age.Around 6.7%of peopleaged
65+in Englandwereestimatedto havedementiain 2015[22]. Formild cognitiveimpairment,
estimatesfor prevalencerangefrom 5.0%to 36.7%dependingon thevariousdefinitionsand
diagnosticcriteriausedin differentstudies[23]. Moreover,anxietyanddepressionarecom-
mon neuropsychiatricsymptomsamongpeoplewith dementiaor mild cognitiveimpairment
[24±26].Onemeta-analysisestimatedthepooledprevalenceof depressionandanxietyamong
peoplewith dementiaat39%each[26]; thiscomparesto estimatedprevalenceratesof 13.3%
for depressionin theoverallolderpopulationandbetween1.2%and15%for anxietyin com-
munity samplesof olderpeople[27,28].Prevalenceratesfurther varyaccordingto age,for
example,with estimatesfor depressionof 17.1%amongthoseaged75+and30%to 50%for
thoseaged90+[29]. Suchneuropsychiatricsymptomsmayalsopredictconversionfrom mild
cognitiveimpairmentto dementia[30], althoughtheevidenceismixedfor anxietyanddepres-
sionspecifically[31,32].

Examiningthementalhealthexperiencesof olderpeopleduring thepandemicshould,
therefore,takecognitivefunction into consideration.Someresearchhasalreadyinvestigated
this to anextent;arapid reviewof evidencerelatedto theimpactof COVID-19 isolationmea-
sureson mentalhealthamongpeoplewith dementiafound thatmoststudiesidentifiedwors-
eningbehavioralandpsychologicalsymptomsof dementia(BPSD)[33]. Someof theresearch
found theseresultsthroughsubjectiveassessmentsmadebycaregivers[34], qualitativeinter-
viewsof peoplewith dementiaandtheir caregivers[35,36],andacrossinternationalcontexts
[37].

Only limited evidencehasexaminedmentalhealthamongpeoplewith dementiaacrossthe
pandemicusingquantitativemeasuresthatwerealsoassessedprior to thepandemic[38];
quantitativelongitudinalresearchon theimpactof COVID-19on peoplewith dementiawasa
keydirectionfor future researchcalledfor by theUnited Kingdom±basedexpertworking
groupon dementiawell-beingandCOVID-19[39]. Mostof theexistingrelevantresearchon
cognitivefunction andmentalhealthduring thepandemicalsodoesnot differentiatebetween
dementiaandmild cognitiveimpairment,althoughonesmallstudyfrom Greecedid examine
thisdistinctionwith respectto pre-pandemicmeasures[40].

Thisstudyaddressesthesegapsin theevidencebaseby testingwhetherchangesin depres-
sionandanxietyamongolderpeopleduring theCOVID-19wereassociatedwith cognitive
impairment.Usingdatafrom theEnglishLongitudinalStudyof Ageing(ELSA),weexamine
changesin depressionandanxietyfrom beforethepandemic(2018/2019)across2 time points
during thepandemic(June/JulyandNovember/December2020)with respectto 3 levelsof
cognitivefunction.Wealsoinvestigatewhethertheassociationsbetweencognitivefunction
andmentalhealthvariedaccordingto keysourcesof sociodemographicinequalitiesrelatedto
wealth,education,geographicregion,andmultimorbidity.

Methods

Data

Our projectuseddatacollectedbeforeandthroughouttheCOVID-19pandemicaspartof the
ELSA[41]. ELSAfollowsarepresentativesampleof peopleaged50+acrossEnglandsince
2002,coveringtopicssuchashealth,finances,andpsychosocialwell-being,with refreshment
samplesaddedperiodicallyto ensurerepresentativenessovertime.
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Thisanalysisdrawson theCOVID-19sub-studyconductedaspartof ELSAin 2020[42].
ELSAmembersandtheir partnersparticipatedin 2 specialsurveysconductedin June/Julyand
November/December2020,capturingtheir perspectivesduring thepandemic.Responserates
werenotablyhigh,at75%for eachwaveof datacollectionand94%longitudinally.Formea-
suresprior to thepandemic,wedrawon pre-pandemicresponsesto themainELSAsurvey
(Wave9),collectedin 2018/2019.Asour studymadeexclusiveuseof secondarydataanalysis,
ethicsapprovalwasnot applicablefor thework presentedhere.

Measures

Our primary outcomesof interestincludemeasuresfor depressionandanxiety.Depression
wasmeasuredusingthe8-itemCenterfor EpidemiologicalStudiesDepression(CES-D)scale,
avalidatedandreliableinstrumentfor assessingdepressionamongolderadults[43]. Thescale
drawson responsesto 8 yes/noquestionsto provideacontinuousmeasureranging0 to 8 with
higherscoresreflectinggreaterlevelsof depressivesymptoms.A binarymeasurewasalsocon-
structedwherescoresof four or morewereusedto identify likely casesof clinicaldepression
[44].

Anxietywasassessedusingthe7-itemGeneralizedAnxietyDisorder(GAD-7) scale,which
hasdemonstratedvalidity andreliability for screeninggeneralizedanxietydisorderandassess
its severity[45]. Eachitem ismeasuredon a4-point Likert scaleranging0 to 3,providing
GAD-7 scoresranging0 to 21with higherscoresreflectinggreaterseverityandassociation
with higherlevelsof functionalimpairment.A binarymeasureto assesscasesof generalized
anxietydisorderwasconstructedusingscoresof 10or more.TheGAD-7 scalewasonly mea-
suredduring theELSACOVID-19sub-study,restrictinganalysesto the2 time periods
includedthere.

Additional analysesalsoexaminedanxietyusingasingle-itemresponsemeasured0 to 10
thatwasincludedin ELSAWave9 aswellastheCOVID-19sub-study,providingassessments
at3 time points.Somestudiessuggestthat thereissimilarsensitivityandspecificitybetween
suchsingleitemsandmultiple-itemscalesfor anxiety[46±48].Usingthismeasurewill provide
someinsightinto changesfrom beforethepandemic.

Themainexposurein our analysisiscognitivefunction status,classifiedasno cognitive
impairment,mild cognitiveimpairment,or dementia.Individuals'classificationdrawson
work from anotherELSAsub-studyfrom 2018,theHarmonisedCognitiveAssessmentProto-
col (HCAP).ELSA-HCAPappliedarangeof questionnairesandotherevaluationsusedin
clinicalandnonclinicalsettingsto assessparticipants'cognitionfunction [49]. Fromthis
work,apredictivealgorithmwasdevelopedto classifyall ELSArespondentsaged60+into one
of 3cognitivefunction groups:no impairment,mild impairment,or dementia[50].

Analytical approach

Our analyticalapproachwasplannedduring theconceptionof theprojectandno data-driven
changesto thisplantook place.Givenexistingknowledgeaboutthelink betweenmental
healthandcognitiveimpairment,alongwith earlyresearchon theimpactof thepandemicon
mentalhealth,our analysestestedthehypothesesthatchangesin mentalhealth,in termsof
depressionandanxiety,wasassociatedwith cognitiveimpairmentovertime from beforeto
during theCOVID-19pandemic.Wealsoinvestigatedwhethertheseassociationsvaried
accordingto keysourcesof sociodemographicinequalityin England,i.e.,education,wealth,
geographicregion,andmultimorbidity.

For thecontinuousmeasureof depression,weestimatedaconditionalgrowthcurvemodel
to assesschangein depressionscorebycognitivefunction status,employingmaximum
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likelihoodestimationwith unstructuredcovariance.Thisapproachwasalsotakenfor thesin-
gle-itemmeasureof anxietyavailableat3 time points.Givenweonly have2 time pointswhen
GAD-7 wasmeasured,weusedapopulation-averagedfixed-effectsmodelwith robuststan-
darderrorsto assessassociationswith cognitivefunction.With respectto thebinarymeasures
reflectinglikely casesof clinicaldepressionor generalizedanxietydisorder,weappliedmixed-
effectslogisticregressionwith independentvariancefor therandomeffectof time.

Modelscontrolledfor pre-pandemic(2018to 2019)measurescoveringdemographics(age,
gender,ethnicity,andcohabitingpartnershipstatus),socioeconomics(education,wealth,and
employmentstatus),geography(urban/ruralandEnglishregion),andhealth(self-ratedhealth
andthepresenceof multimorbidity). Multimorbidity wasclassedasthepresenceof two or
moreof thefollowingdiagnosedconditions:highbloodpressure/hypertension;anginaor
heartattack;congestiveheartfailure;diabetes;stroke;chroniclungdiseaseor asthma;cancer;
anddementia,senility,seriousmemoryimpairment,or Alzheimer'sdisease.For thecontinu-
ousCES-DandGAD-7 scales,weadditionallytestedfor systematicinequalitiesby introducing
three-wayinteractionsamongcognitiveimpairment(abinarymeasurecombiningthemild
impairmentanddementiagroups),measurementwave,andbinarymeasuresfor education,
wealth,region,andmultimorbidity in separatemodels,usingthesamecontrol variableslisted
above.

Missingnesson singleitemscanintroducebiaswhenusingmultiple-responsescalessuchas
CES-DandGAD-7.In addition,asurveyerror during thefirst COVID-19surveyresultedin
theeighthdepressionitem not beingaskedto around75%of respondents.Thesemissingval-
ueswerereplacedusing1cycleof multiple imputationbychainedequations(MICE), adjusting
for ageandgender,giventheseitemscanbeassumedto bemissingcompletelyat random
(MCAR) [51,52].Followingthis,morethan97%of respondentsatanywavewerecompleteon
theitemsfor CES-Dor GAD-7;MICE wasagainappliedfor respondentsmissing1 or 2 items
in eachscale,replacingmissingvaluesbeforegeneratingthesummaryscores.Thisraisedcov-
erageto over99.5%acrosstheCOVID sub-studywaves.AnalyseswereconductedusingStata
17.0[53]. ThisstudyfollowedtheStrengtheningtheReportingof ObservationalStudiesin Epi-
demiology(STROBE)reportingguideline(S1STROBEChecklist).

Results

Table1 providesdescriptivestatisticsof our analyticalsamplefor depressionwithin thefirst
assessmentof theCOVID-19sub-study.Thepercentagesprovidedreflectsimilarstatisticsfor
othertime periodsandoutcomesof interest.

Theanalyticalsamplesvaryslightlyby theoutcomeof interest,with 5,286individuals
includedin analysesfor depressionandthesingle-itemanxietymeasureand5,281for the
GAD-7 anxietyscore.All figuresreportedbelowreflectthefull model,adjustedfor all covari-
atesidentifiedin theprevioussection,andverticalscaleshavebeenrestrictedto relevantout-
putsrangesto facilitatevisualinspection.

Wefirst presentresultsshowingestimateddepressionscoresacrossthe3 measuredtime
pointsfor the3 categoriesof cognitivefunction (Fig1).Wefind that theestimateddepression
scorewassignificantlydifferentacrossthe3 cognitivefunction groupsprior to thepandemic.
Thescorefor thosewith no impairmentwas1.17(95%CI:1.12to 1.22)comparedto 1.39(1.29
to 1.49)for thosewith mild impairmentand1.81(1.53to 2.10)for thosewith dementia.Scores
increasedovertime throughthepandemic,with statisticallysignificantincreasesbetween
June/July2020andNovember/Decemberfor thosewith no impairment,goingfrom 1.84(1.79
to 1.90)to 2.03(1.96to 2.10),andthosewith mild impairment(from 1.89(1.77to 2.00)to 2.16
(2.02to 2.30)).Therewasno statisticallysignificantchangein thescoreamongthosewith

PLOS MEDICINE Depression, anxiety, and cognitive impairment during the COVID-19 pandemic

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004162 April 24, 2023 6 / 18

https://doi.org/10.1371/journal.pmed.1004162


dementia.In June/JulyandNovember/December,thedifferencesamongcognitivefunction
groupswerealsono longerstatisticallysignificant.

Turning to theanxietyscoremeasuredusingtheGAD-7 scale,Fig2 showsthat theesti-
matedscorefor peoplewith dementiawashigherjustafterthestartof thepandemicin June/
July2020thanfor theothercognitivefunction groups,at4.59(3.66to 5.52)comparedto 2.99
(2.72to 3.26)for thosewith mild impairmentand2.79(2.67to 2.90)for thosewith no
impairment.Therewasno statisticallydifferentchangefor peoplewith dementiaduring the
pandemic,but theestimatedaveragescoredid risebyNovember/Decemberfor themild
impairmentandno impairmentgroups,reaching3.57(3.28to 3.86)and3.02(2.90to 3.14),
respectively,from 2.99(2.72to 3.26)and2.79(2.67to 2.90).

Althoughthesingle-itemmeasureof anxietyisdifferentfrom theGAD-7 scale,it provides
addedinsightherewith respectto differencesin anxietybeforeandduring thepandemic.Like
with GAD-7,weseein Fig3 astatisticallysignificantincreasein theaverageestimatedrating
betweenJune/JulyandNovember/Decemberfor thosewith no impairment,goingfrom 2.65
(2.57to 2.74)to 2.85(2.77to 2.95).Boththeno impairmentandmild impairmentgroups
demonstratedasignificantincreasein anxietyratingbetween2018/2019andNovember/
December2020;thescorefor thosewith no impairmentincreasedfrom 2.20(2.11to 2.28)to
2.85(2.77to 2.95),while for themild impairmentgroup,it wentfrom 2.48(2.30to 2.66)to
3.14(2.95to 3.33).Theapparentchangefor thosewith dementiawassimilar to theother
groups,but wideconfidenceintervalsyieldno statisticallysignificantdifferencesovertime.

Table 1. Sociodemographic characteristics among the sample for depression at the first assessment of the ELSA

COVID-19 sub-study (June/July 2020).

Characteristic Percentage N (of 5,107)
Cognitiveimpairment (No impairment) 77.9 3,978

(Mild impairment) 20.0 1,019

(Dementia) 2.2 110

Age(mean) 72.7 5,107

Female 55.7 2,843

Non-white 3.0 153

Partnerin household 68.4 3,491

Education(high, i.e.,degreeor equivalent) 22.5 1,148

(medium,i.e.,A or O levelequiv.) 45.8 2,340

(low, i.e.,no qualifications) 31.7 1,619

Employment status(in work) 15.3 782

(retired) 80.6 4,116

(other) 4.1 209

Netwealth(Poorestthird) 33.0 1,685

(Middle third) 33.3 1,700

(Richestthird) 33.7 1,722

Ruralresidence 28.0 1,430

Region(TheNorth) 27.4 1,399

(TheMidlands) 21.5 1,096

(LondonandEast) 21.4 1,093

(TheSouth) 29.7 1,519

Self-ratedhealth(Excellentor verygood) 41.1 2,100

(Good) 35.7 1.825

(Fairor poor) 23.1 1,182

Multimorbidity (2+ healthconditions) 25.1 1,282

https://doi.org/10.1371/journal.pmed.1004162.t001
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While theCES-DandGAD-7 scalesallowusto examinechangesin theaverageestimated
scores,changesin scoresalonecannotinform whethertheseareclinicallysignificantchanges
or morerelatedto thegeneraluneasemostpeoplefaceddueto theunprecedentedandunpre-
dictablenatureof thepandemic.To explorethis,weestimatedresultsbasedon clinicallyrec-
ognizedcutoff valuesfor the2 scales(Fig4).

With respectto anxiety,wefind no statisticallysignificantdifferencesovertime in theprob-
ability of likely generalizedanxietydisorderasmeasuredusingGAD-7,althoughpoint esti-
matessuggestapossibledeclinein probabilityfor thosewith dementiafrom 0.165(0.108to
0.223)to 0.080(0.035to 0.126).

Regardingdepression,wefind statisticallysignificantincreasesin theprobabilityof likely
clinicaldepressionfor thosewith no impairmentandthosewith mild impairment,looking
from beforethepandemicto during it. Theprobabilityfor thosewith mild impairmentwas
higherthanfor thosewith no impairmentbeforethepandemic,at0.139(0.120to 0.159)com-
paredto 0.110(0.099to 0.120).Theseincreasedsignificantlyafterthestartof thepandemicby
June/July,thenreaching0.234(0.204to 0.263)and0.206(0.191to 0.222)byNovember/
December2020.While therewasanincreasingtrajectoryin thepoint estimatesfor thosewith
dementia,thedifferencesin estimatedprobabilitieswerenot statisticallysignificant.

Inequalities in mental health and cognitive function

To testfor systematicinequalitiesin theassociationbetweencognitivefunction andmental
health,wefirst constructedmodelscontrollingonly for ageandgender.Wefoundno signifi-
cantthree-wayinteractions,indicatingtherateof changein our outcomeswasnot signifi-
cantlydistinct for peoplewith cognitiveimpairmentacrossdistinct social,economic,and
healthgroups.

Fig 1. Depression score (CES-D) over time by cognitive function (estimated scores and 95% confidence intervals,

adjusted for all available covariates).

https://doi.org/10.1371/journal.pmed.1004162.g001
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Wedid, however,identify somesignificanttwo-levelinteractionsthatprovidefurther
insightsinto theinequalitiesin mentalhealthexperiencedbypeoplewith cognitive
impairment(mild or dementia)during thepandemic.Modelsweresubsequentlyestimated
usingall covariatesfeaturedin thosereportedabove.Wefoundsignificantinteractionslinking
educationto anxiety.Fordepression,wefoundsignificantresultsrelatedto wealthandmulti-
morbidity (Fig5).

Lookingatwealthanddepression,theresultsshowthat,prior to thepandemic,thosewith
cognitiveimpairmentin thepoorestthird of wealthhadanestimateddepressionscoreof 1.62
(1.48to 1.76),makingthemworseoff comparedto theothergroups.Thiscontraststo those
without impairmentin therichesttwo-thirds,whoscored1.13(1.07to 1.19)on depression,
positioningthembetterthaneithergroupwith cognitiveimpairment;thosewith impairment
in therichesttwo-thirdshadanestimateddepressionscoreof 1.33(1.20to 1.45).

During thepandemic,however,weseenotablechanges,especiallyamongthosewith no
impairmentin thepoorestthird of wealth,whosescoreschangefrom 1.25(1.16to 1.34)in
2018/2019to 2.01(1.91to 2.12)in June/July.Their scoresbecomemuchmoresimilar to those
with impairmentalsoin thepoorestthird, whoscored2.03(1.87to 2.19)in June/July2020.
During thepandemic,thescorefor thosewith no impairmentin therichesttwo-thirdswassig-
nificantly lowerthanthosefor thepoorestgroups,at1.76(1.69to 1.82)in June/Julyand1.93
(1.85to 2.01)in November/December.In otherwords,it appearsthatbeingin thepoorest
third of wealthisastrongerdriver thancognitivefunction for estimateddepressionscoresdur-
ing thepandemic.

Turning to multimorbidity, theresultsillustratethat thosewith cognitiveimpairmentand
multimorbidity scoredworseon depressionthanthegroupswithout cognitiveimpairment

Fig 2. Anxiety score (GAD-7) over time by cognitive function (estimated scores and 95% confidence intervals, adjusted

for all available covariates).

https://doi.org/10.1371/journal.pmed.1004162.g002
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prior to thepandemic,with ascoreof 1.62(1.46to 1.77);thiscontrastswith ascoreof 1.24
(1.14to 1.34)for thosewith multimorbidity but no impairmentand1.15(1.09to 1.20)for
thosewithout eithermultimorbidity or impairment.Justafterthestartof thepandemic,they
wereonly slightlyworseoff thanthosewith neithercognitiveimpairmentnor multimorbidity,
with scoresincreasingto 2.04(1.87to 2.22)and1.80(1.74to 1.86),respectively.ByNovember/
December,thisdifferencehadgrownfurther,with scoresof 2.35(2.13to 2.57)and1.98(1.90
to 2.06),respectively,but therewerestill no significantdifferencesfor thosewith only oneof
eithercognitiveimpairmentor multimorbidity.

Acrossthe2assessmentsof theCOVID-19sub-study,therewasanotabledifferencein anx-
ietyscorebyeducation.In June/July,theonly significantdifferencein anxietyscorewas
betweenthosewith cognitiveimpairmentandlow education(3.28(2.92to 3.63))andthose
with no impairmentandhigh/mediumeducation(2.73(2.60to 2.86)).Thisdifferenceper-
sistedbyNovember/December,wideningto 3.84(3.47to 4.21)and3.01(2.88to 3.15),respec-
tively,whilethosewith no impairmentandlow educationwerealsosignificantlylowerin
anxietyscore,at2.99(2.73to 3.25),thanthosewith impairmentandlow education.

Discussion

Usingarepresentativesampleliving in privatehouseholdsin England,wehavefound that
depressionandanxietyworsenedduring thepandemiccomparedto beforeit for peoplewith
mild cognitiveimpairmentor no impairment,whereasno statisticallysignificantincreases
werefound for thosewith dementia.Wealsofound thatdifferencesaccordingto cognitive
function thatexistedbeforethepandemicwereno longerpresentbyJune/July2020,indicating

Fig 3. Single-item anxiety rating over time by cognitive function (estimated ratings and 95% confidence intervals,

adjusted for all available covariates).

https://doi.org/10.1371/journal.pmed.1004162.g003
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Fig 4. Likely clinical depression and anxiety over time by cognitive function (estimated probabilities and 95%

confidence intervals, adjusted for all available covariates).

https://doi.org/10.1371/journal.pmed.1004162.g004

Fig 5. Significant inequalities relating mental health and cognitive function (estimated scores and 95% confidence

intervals, adjusted for all available covariates).

https://doi.org/10.1371/journal.pmed.1004162.g005
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aconvergencein mentalhealthacrosscognitivefunction groupsduring thepandemic.In
November/December2020,therealsowereno statisticallysignificantdifferencesamongcog-
nitive groups.Takentogether,our findingsprovidepartialsupportfor our hypotheseson the
relationshipbetweenmentalhealthandcognitiveimpairmentoverthecourseof the
pandemic.

Our multi-item scaleof anxiety(GAD-7) providesinsightonly during thepandemic,aswe
unfortunatelyhadno pre-pandemiccomparablemeasure.With thismeasure,wedid identify
significantdifferencesin anxietybetweenthosewith no impairmentandthosewith dementia
during thepandemic.Thecontrastwith theresultsusingthesingle-itemmeasuremaystem
from anunderlyingdistinction in themeasuredconcepts,i.e.,thesingle-itemcapturesindivid-
ualself-assessmentsof beinganxious,whereasGAD-7 capturesabroaderperspectiveon gen-
eralizedanxiety.Givenpotentialconcernsovertheability of respondentswith cognitive
impairmentto providereliableself-assessments,it maybethat theresultsfrom amultiple-item
measurelike GAD-7 aremorerobustthanasingleresponsefor identifyingdifferences
betweencognitivegroups.

With GAD-7,themild impairmentgroupalsodemonstratedsignificantchange,beingsim-
ilar to thelevelsof thosewith no impairmentin June/July2020but moresimilar to thosewith
dementiabyNovember/December2020.Thismayrelateto adeteriorationin cognitivefunc-
tion amongthosewith mild impairmentduring this time thatstimulatedincreasesin general-
izedanxiety.It mayalsosuggestthat thosewith mild impairmentencounteredanxiety-
inducingchallengesduring thelatterpartof 2020thatothergroupsdid not. In addition,
althoughtherewasasignificantdifferenceaccordingto cognitivefunction in November/
DecemberusingGAD-7,theestimatedscoresdo showaconvergingtrend,possiblysupporting
theresultsfrom thesingle-itemmeasure.

Thisconvergencemayalsoexplainhowour resultssit againstthosefrom otherresearch
that foundno changein anxietyduring thepandemicamongtheadultUK populationoverall
andlowerlevelsfor olderagegroups[15]. Thatresearchandothersassessedanxietylookingat
proportionswith clinicalscoreson GAD-7 (i.e.,�10), whichmayattenuatetheresultsand
subsequentconclusions,partlyexplainingwhyfindingsrelatedto theoverallolderpopulation
in Englandvaryfrom oursaccountingfor cognitivefunction [21].

Anotherkeyinsightfrom thiswork relatesto theincreasein likely clinicalcasesof depres-
sionfor thosewith no impairmentor mild cognitiveimpairmentduring thepandemiccom-
paredto 2018/2019.Thishighlightsthepotentialincreasein demandon mentalhealthservices
thatmight beexpectedmovingforward.Moreover,thissitsalongsidethefinding that thelevel
of likely clinicalcasesamongthosewith dementiahasnot declined,soanychallengesin service
deliverythatexistedbeforethepandemicwill likely persist.

Alongsidethesepotentialpressureson servicedeliveryfor mentalhealth,weshouldalso
notethatotherresearchsuggeststhat thenegativeimpactof thepandemicon mentalhealth
waslessacutefor olderadultscomparedto otheragegroups.Thishasbeenfound in Scotland
with respectto depressionandanxiety[54] alongwith otherUK-basedstudies[13,55].It has
beenarguedthat thisstemsfrom alesspronounceddifferencein mentalhealthamongolder
adultscomparingbeforeandafterthepandemic[56]. Our resultsmaypartiallysupportthis
argument,at leastwith respectto recognizinglittle differenceamongthosewith dementiapre-
andpost-pandemic.

Our findingsalsostandin contrastto otherwork in theUK lookingatmentalhealthwith
respectto thepandemic.Onestudyfound that thenegativeimpacton mentalhealthextended
throughtheinitial monthsof thepandemicandstartedto improvefrom July2020[57],
whereasanotherfoundarecoverytrajectoryin anxietyamongUK adultsfrom April [4].
Moreover,alargemeta-analysisof longitudinalcohortstudiesfound that thechangesin
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anxietyattributedto thepandemicappearedshort-lived,with peaksappearingaroundMarch/
April 2020anddecliningbyJuly,althoughtherewasstill asmallincreasein depression
betweenMayandJuly[14].

Our dataduring thepandemicwerecollectedin June/JulyandNovember/December2020,
yetwedid not find asignificantimprovementbetweenthesetime points.In fact,wefoundevi-
dencefor worseningmentalhealthfor thosewith no impairmentor mild impairment.One
possibleexplanationis thespecifictimeframesin whichour datawerecollected.Theassess-
mentin June/Julymayhavemissedtheinitial spikein poormentalhealthreportedin other
studies.Our secondassessmenttook placein November/December;this is laterthanthose
examinedin thestudiesmentionedabove.It alsocoincideswith thesecondlockdownimposed
in theUK in November,whichwasfollowedbyeasingandthenfurther tighteningof restric-
tionsin December.Theseshiftsmayhavehadsomewhatsimilareffectson mentalhealthasthe
first lockdown.Thismaybefurther supportedbyevidencesuggestingdeteriorationof mental
healthin theUK betweenJuly/August2020andFebruary2021[15].

Thedifferencesin otherresultsandoursmayalsorelateto thevariouswaysdepressionand
anxietyhavebeenassessed,for example,averagescoreson ascale,theproportionsbasedon clini-
calcutoffs,or othermeasuresusedelsewherelike the12-itemGeneralHealthQuestionnaire
(GHQ-12).While therearealternativemeasuresfor depressionandanxietythathavebeenused
in otherstudies,CES-Dhasbeenusedsincetheinceptionof ELSAasthemainmeasureof depres-
sionandto facilitateinternationalcomparisonswith otherageingcohortstudieslike theHealth
andRetirementStudybasedin theUnitedStates,whileGAD-7hasbeenintroducedfor similar
reasons.Bothmeasureshavealsodemonstratedgoodperformanceandareusefulasself-reported
assessments[58±61].Moreover,our studyfocuseson cognitiveimpairment,makingdistinctions
betweendementiaandmild cognitiveimpairment.Evidencerelatedto thesedifferencesfrom lon-
gitudinalstudiesthat includepre-pandemicassessmentsis limited; somestudiessuggestthat
changesin mentalhealthobservedamongpeoplewith cognitiveimpairmentweremorerelatedto
expectedchangeslinked to theimpairmentratherthanthepandemicitself[38,40].

Theanalysesusingthebinarymeasuresof likely clinicaldepressionor anxietygivesome
insightinto clinicalrelevance,particularlywith respectto theresultthat theprobabilityof
likely clinicaldepressionamongthosewith no impairmentor mild impairmentwassignifi-
cantlyhigherduring thepandemicthanin 2018/2019.For thecontinuousmeasures,however,
thereisno consensuson whatlevelof changein scoreconstitutesclinicalsignificance,
althoughsomework suggests,with respectto longerversionsof CES-D,thatsomewhere
betweena11%and17%changeacrossthescalewouldrepresentaminimal clinicallyimpor-
tant difference(MCID) [62,63].With respectto CES-D,thiswouldrange0.88to 1.36,which
suggestsaclinicallysignificantdifferencebetween2018/2019andNovember/December2020
for thosewith no or mild impairment.Onestudyof GAD-7 suggestsanMCID of 4 points,a
thresholdnot reachedin our findings[64].

Acrossour analyses,thisstudyhasseveralstrengths.Our dataaredrawnfrom alongitudi-
nalsampleof peopleaged50+in England,allowingusto examineoutcomesat3 distinct time
pointsacrossthesamepeople.Indeed,theCOVID-19sub-studyachievedanotablyhigh
responseratefor eachwaveof datacollectionandlongitudinally.Thisstrengthensour ability
to generaterobustresultsevenduring thepublichealthcrisisandsocialrestrictionscausedby
thepandemic.Wearealsoableto employvalidatedmeasuresof depressionandanxietyin
addition to comparingthelatterwith asingle-itemmeasureto assesschangesfrom beforethe
pandemic.Finally,thebreadthof theELSAdataallowedusto incorporateawiderangeof
adjustmentvariablesto control for confoundingin our models.

Thestrengthof our findingsispossiblylimited by therelativelysmallnumberof peoplecat-
egorizedwith dementia.Thewideconfidenceintervalsthisyieldedmay,in fact,hidetrue
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differencesthatexistbut aremaskedin thestatisticalresults.Yet,our studyalsoincludespeo-
plecategorizedwith mild cognitiveimpairment,strengtheningtheanalyticalperspectivein
relationto cognitivefunction.Wealsocannotknow if peoplewith dementiawerelesslikely to
respondto thesurveydespitehigh responseratesoverall.However,our studyhasmuchlower
attrition betweenthe2assessmentsduring thepandemicthanmostof theotherstudies
reportedin 1 systematicreviewof mentalhealthbeforeandduring thepandemic[14]. This
couldindicatethatstabilityin mentalhealthfoundelsewhereis influencedby theattrition of
thosewith worseor decliningmentalhealthovertime.

Theimplicationsfor our findingscanbegeneralizedto peoplewith cognitiveimpairment
or dementialiving in thecommunitybut not to thosewholive in carehomesor otherinstitu-
tional settings.This impliesthatour findingsdo not applyto the40%of olderUK adultswith
dementialiving in suchplaces[65]. However,this isastrengthof our study,asfewerstudiesof
peoplewith dementiahavebeenconductedin awayto reflectthoseliving in thegeneralcom-
munity. Moreover,despiteanypotentiallimitations,ELSAandits relatedsub-studieshave
beenaninvaluableresourcefor examiningtheexperiencesof olderpeoplebeforeandduring
thepandemic,alongwith amorerobustassessmentof cognitivefunction,potentiallybeingthe
bestevidencefor this to date.

Our findingshighlight2 keyimplicationsfor futurepublichealthresponsesin Englandas
wemovethroughthepost-pandemicphase.First,mentalhealthserviceswill needto besup-
portedandadequatelyresourcedto meetthepredictedincreaseddemandthatwill comefrom
olderadults,especiallythosenot living with cognitiveimpairmentor dementia.This isunder-
scoredby thepotentialdemandfrom otheragegroups,whomayhaveexperiencedworse
impactson mentalhealththanwhatwehaveidentifiedin our cohort.

Second,givenwesawlittle significantchangein mentalhealthoutcomesamongthosewith
dementia,wemustrecognizetheir needfor supportwill continueto exist.In thenearterm at
least,thechallengesin deliveringthissupportarelesslikely to relateto thecognitive
impairmentitselfbut to questionsof accessibilityandavailability,especiallyif thesupplyof
supportisdivertedto thosewith no impairment.Policymakersandcarepractitionerswill,
therefore,needto ensurethatpeoplewith dementiahaveequalaccessto measuresto support
their mentalhealth.

To conclude,thisstudyhasimprovedour understandingof thewaythatmentalhealth
changedfor peoplewith cognitiveimpairmentanddementiadueto thepandemic.Wefind
evidencefor increasinglevelsof depressionandanxietyduring thepandemicamongthose
with mild cognitiveimpairmentor no cognitiveimpairment,but not amongthosewith
dementia.Comparedto beforethepandemic,mentalhealthhasbecomemoresimilaracross
cognitivefunction groups,suggestingaconvergencethatmayimpactfuturedemandfor sup-
port services.
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