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Abstract

Background: delays in diagnosing dementia may lead to suboptimal care, yet around half of those with dementia are undiag-
nosed. Any strategy for case finding should be informed by understanding the characteristics of the undiagnosed population.
We used cross-sectional data from a population-based sample with dementia aged 71 years and older in the United States to de-
scribe the undiagnosed population and identify factors associated with non-diagnosis.
Methods: the Aging, Demographics and Memory Study (ADAMS) Wave A participants (N= 856) each underwent a detailed
neuropsychiatric investigation. Informants were asked whether the participant had ever received a doctor’s diagnosis of demen-
tia. We used multiple logistic regression to identify factors associated with informant report of a prior dementia diagnosis
among those with a study diagnosis of dementia.
Results: of those with a study diagnosis of dementia (n= 307), a prior diagnosis of dementia was reported by 121 informants
(weighted proportion = 42%). Prior diagnosis was associated with greater clinical dementia rating (CDR), from 26%
(CDR= 1) to 83% (CDR= 5). In multivariate analysis, those aged 90 years or older were less likely to be diagnosed
(P = 0.008), but prior diagnosis was more common among married women (P= 0.038) and those who had spent more than 9
years in full-time education (P = 0.043).
Conclusions: people with dementia who are undiagnosed are older, have fewer years in education, are more likely to be un-
married, male and have less severe dementia than those with a diagnosis. Policymakers and clinicians should be mindful of the
variation in diagnosis rates among subgroups of the population with dementia.
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Introduction

Estimates of dementia prevalence compared with numbers
of known cases suggest that in developed countries around
half of people with dementia are not diagnosed [1–3] and so
cannot access treatment and support that may help them and
their caregivers. The UK National Screening Committee [4]
and the US Preventive Task force [5] have concluded that
there is no case to screen for dementia; nevertheless, the UK
government has implemented ‘active case finding’ with the
aim that by 2015, 66% of people with dementia will be diag-
nosed [6]. This is controversial, since the benefits and harms
of diagnosis are not known, and the population with undiag-
nosed dementia are not well understood [7, 8].

Characteristics of the individual, their family and the
wider environment, the knowledge and attitudes of medical
professionals and the perceptions of available support may in-
fluence diagnosis [9–12]. Epidemiological studies of cohorts
not selected on the basis of diagnosed cognitive impairment
provide the only way in which to study the characteristics of the
undiagnosed population. Several such studies have been con-
ducted since the mid-1980s (reviewed in 9 and 13), whereby
random samples of older people undergo a standardised de-
mentia assessment followed by ascertainment of prior help
seeking or clinical diagnoses. These have consistently found a
substantial proportion of undiagnosed cases, and that males, the
oldest old and those with less severe dementia are at risk of
missed diagnosis. Here we present the largest such study to date
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using a random sample from aWestern population with demen-
tia, an analysis of the Aging, Demographics and Memory Study
(ADAMS), in which we compare socioeconomic and clinical
characteristics of those with a prior diagnosis to those without.

Methods

Sample

ADAMS includes 856 individuals aged 71 years and older
selected from the 2000 and 2002 waves of the Health and
Retirement Study (HRS). HRS is a nationally representative
longitudinal study of ageing in the United States which began
in 1992 [14]. The HRS sample was recruited using clustered
sampling of households across the United States, with an
80% response rate. Participants are interviewed every 2 years
with re-interview participation rates of 92–95%. HRS was
supplemented at various times using additional ‘refresher’
cohorts enrolled since 1992, with population representation
of estimates derived from the sample maintained through the
use of weights in analysis.

HRS did not include a detailed cognitive assessment, and
the ADAMS sub-study was developed to study the epidemi-
ology of dementia in the United States [15, 16]. ADAMS has
been described in detail previously [15]. In short, 1,770 parti-
cipants aged 70 and older were selected from HRS, stratified
based on cognitive impairment, age and sex. Of the 1,770,
856 (a 56% response rate among the non-deceased) partici-
pated in sufficient assessments to receive a reliable study
diagnosis of the presence or absence of dementia; 227 died
before assessment, 499 refused, 59 could not be contacted
and 128 could not participate for other reasons, for example
illness or the unavailability of a suitable informant. We
obtained ADAMS data by application to HRS [17].

The ADAMS assessments took place between 2001 and
2003; hence, the ADAMS sample represents the US popula-
tion aged 71 and older during that time. Weights are applied
to all prevalence estimates to correct for stratification, differ-
ential non-response and attrition.

Assessments

Participants underwent a neuropsychiatric investigation in their
own home which has been described previously [15].A knowl-
edgeable informant was required for selection into ADAMS
and described the participant’s behavioural and psychiatric
symptoms via the neuropsychiatric inventory (NPI). The par-
ticipant completed neuropsychiatric tests, a depression measure
and a standard neurological examination. Dementia diagnosis
was made algorithmically based on both DSM-III-R and
DSM-IV criteria, with a further consensus diagnosis made
by a clinical team based on all interviews and assessments
when the DSM diagnoses differed. Each participant was also
assigned a clinical dementia rating (CDR) of 0.5 (mild cogni-
tive impairment), 1 (mild dementia), 2 (moderate dementia),
3 (severe dementia), 4 (profound dementia) or 5 (terminal
dementia) [18]. For our primary analysis, we defined

dementia based on consensus diagnosis, although there was
little disagreement between the CDR, DSM-IV, the
DSM-III-R and the consensus diagnosis, with no disagree-
ment at all among those with CDR scores of 2 or more.

NPI items were coded as present if any mention of their
occurrence was made. Data from the participant’s previous
HRS interviews were used to ascertain race (white/non-
white), asset wealth in quartiles and educational attainment
coded into groups corresponding to 0–8 years, 9–11 years,
12–13 and 14+ years in full-time education.

As a part of the ADAMS medical history questionnaire,
informants were asked whether the participant had ever con-
sulted a medical professional for help for ‘memory problems
or thinking’ and what was the final diagnosis made.

Analysis

This analysis was restricted to participants with a study diagno-
sis of dementia (N= 307). Participants with and without prior
diagnosis were compared on demographic and clinical charac-
teristics. Results were expressed both in terms of the distribu-
tion of characteristics among the diagnosed and undiagnosed
and the probability of prior diagnosis across subgroups.

Logistic regression was used to estimate the correlates of
prior dementia diagnosis. All statistically significant (P< 0.05)
co-variates were simultaneously entered into a final multiple
regression model.

In 27 cases, we could not determine prior diagnostic status.
Complete data for multivariate analysis were available for 269
of 307 participants. Missing predictors were treated as missing
at random. Sensitivity analyses considered all of the cases
without known diagnosis to be diagnosed or all to be undiag-
nosed; used DSM-III-R, DSM-IV diagnosis and CDR score
of 1 or more as alternative dementia definitions; and restricted
to all those participants with informants who saw them at
least several times per week over the year before the interview.

All analysis was conducted using Stata 12.1. ADAMS study
procedures were approved by the Institutional Review Boards
at Duke University Medical Center and the University of
Michigan, and informed consent was obtained from study
participants or their surrogates.

Results

Of 307 participants with dementia, 212 (69%) were female
and the median age was 85 (IQR: 80–90). Sixty-six (22%)
were married and lived at home, 167 (54%) were unmarried
but living at home, while 74 (24%) lived in a nursing home.
Informants were spouse (N= 63), child (N= 148), or other
friend, relative or carer (N= 96). Informants were cohabiting
with the participants (N= 128), saw the participants at least
several times per week (N= 127) or less frequently (N= 52).
They had known the participant for at least 10 years in 295
(95%) cases. Participants had spent a median of 10 years in
education (IQR 7–12, range 0–17), and 223 (73%) were white.
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Informants for 145 participants reported that the partici-
pant had seen a doctor for memory problems, while 151 had
not and in 11 cases this was unknown. Of the 145 who had
seen a doctor, 120 had received a diagnosis of dementia, 9
had not, while in 17 cases the informant did not know. In one
case, the participant was known to be using anti-cholinesterase
inhibitors despite the informant reporting no diagnosis and so
was coded as having a prior diagnosis for subsequent analysis.
Therefore, excluding those cases in which diagnostic status
was not known, a prior diagnosis of dementia had been made
for 121 participants (weighted proportion 42%; 95% CI: 33–
51%), while in 159 it had not. When further restricting to
cases with a close informant, a diagnosis was reported in 91 of
236 cases (weighted proportion 37%; 95% CI: 28–47%).

Those older than 90 years of age were less likely to be
diagnosed (weighted proportion = 27%) than younger parti-
cipants (P = 0.02), while prior diagnosis was more substan-
tially more common among married women (67%) than
among other groups (P= 0.001). Those in the lowest quartile
of education had a significantly lower rate of diagnosis (27%)
compared with other groups (P = 0.003), although race and
asset wealth had no effect (Table 1). More nursing home resi-
dents had a prior diagnosis (60%) than those living in their
own homes (37%), with 83% of the non-diagnosed popula-
tion living in their own homes.

Prior diagnosis rose from 15% among those with CDR
0.5 (corresponding to mild cognitive impairment) to 83%
(CDR 5, terminal dementia) (Table 2). Almost a third
(weighted proportion 31.9%) of those with undiagnosed

dementia had a CDR score of 0.5, and 76% had a CDR
score of 1 (mild dementia) or less. When the 49 participants
with CDR of 0.5 were removed, the overall proportion diag-
nosed rises to 50% (95% CI: 40–60%).

Those with vascular dementia were less likely to have a
prior diagnosis (30%) than those with Alzheimer’s disease
(47%), although this was not statistically significant.

Agitated or aggressive behaviour was present among 12% of
the non-diagnosed compared with 38% of those with prior
diagnosis (Table 2). Aberrant motor behaviour (28 versus 10%)
and apathy (36 versus 15%) were also more commonly reported
among the diagnosed compared with the undiagnosed.

Multivariate analysis

The effects of age, dementia severity, education, gender and
marital status were retained in multivariate analysis control-
ling for other clinical and demographic characteristics
(Table 3). Aberrant motor behaviour (OR = 3.1; 95%
CI = 1.1–8.4) also retained an independent association with
diagnosis, but no other symptoms were independently asso-
ciated with prior diagnosis in multivariate analysis. The
effect of nursing home residence was also no longer statistic-
ally significant.

Sensitivity analysis

Using DSM-III-R or DSM-IV criteria results in lower esti-
mates (39 and 36%), owing to a larger number of people

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. The distribution of demographic and socioeconomic factors among people with dementia aged 71 years and older
with and without a prior diagnosis of dementia, the weighted diagnosis rate among those with dementia and univariate odds
ratio for the effect of each characteristic on the odds of diagnosis

Factor Number (%) among
undiagnosed,N = 159

Number (%) among
diagnosed,N = 121

Weighted % with
prior diagnosis

Univariate odds
ratio

95% Confidence
interval

Age
71–74 29 (23.9) 29 (20.2) 38.3 1 ref
75–79 33 (29.0) 36 (29.8) 43.1 1.1 0.54–2.2
80–89 40 (24.8) 33 (38.6) 53.4 0.8 0.41–1.6
90+ 57 (22.2) 23 (11.4) 27.4 0.4 0.20–0.82

Single male 36 (23.7) 13 (12.4) 27.8 1 ref
Married male 25 (13.4) 14 (11.1) 37.9 1.55 0.62–3.86
Single female 88 (56.9) 69 (58.1) 43.0 2.17 1.07–4.41
Married female 10 (6.0) 25 (18.4) 69.4 6.9 2.63–18.3

Lives in own home 134 (82.6) 82 (64.9) 36.6 1 ref
Nursing home resident 25 (17.4) 39 (35.1) 59.8 2.55 1.4–4.5

White 113 (82.0) 94 (77.5) 41.1 1 ref
Non-white 46 (18.0) 27 (22.5) 48.0 0.71 0.4–1.2

Lowest asset wealth quartile 61 (27.6) 35 (35.1) 48.4 1 ref
2nd 40 (35.7) 28 (19.9) 29.1 1.22 0.65–2.31
3rd 35 (23.1) 34 (27.9) 47.1 1.69 0.90–3.2
Highest asset wealth quartile 23(13.6) 24 (17.1) 48.0 1.81 0.90–3.69

Education
<9 years 77 (42.3) 34 (20.9) 26.7 1 ref
9–11 years 28 (13.7) 23 (19.5) 51.1 1.86 0.94–3.68
12–13 years 32 (25.1) 44 (37.6) 52.4 3.11 1.69–5.72
>13 years 22 (18.8) 20 (21.9) 46.1 2.06 0.99–4.26
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with CDR= 0.5 receiving a dementia diagnosis using the al-
gorithmic definitions (see Supplementary data, Tables avail-
able in Age and Ageing online). No sensitivity analysis leads to
substantively different conclusions regarding associations in
multivariable analysis, with the exception that aberrant motor
behaviour is not significantly linked to prior diagnosis at
P< 0.05 when the DSM-IV criteria are applied.

Discussion

Dementia severity was strongly linked with prior diagnosis.
People aged <90 years, married women and those not in the
lowest quartile of educational attainment were more likely to
be diagnosed, but there was no evidence of an independent
effect of wealth, race or nursing home residence. While be-
havioural symptoms were more common among the diag-
nosed, most of these associations with the exception of the
effect of aberrant motor behaviour were explained by other
factors.

Around three in four with undiagnosed dementia have
mild dementia according to the CDR; hence, the proportion
diagnosed depends on the threshold for dementia used. In
England, estimates of undetected dementia are calculated
by comparing prevalence estimates with cases reported by
general practitioners [1, 3]. In England, the proportion with a

diagnosis estimated in this way was 48.7% in 2013 (precision
not reported), having increased from 37.0% in 2007/08, yet
this is subject to methodological and statistical variation in
prevalence estimation and case reporting, which in turn
depends on the definitions of dementia used both in epi-
demiological and in clinical assessments [19].

Apathy, agitated or aggressive and aberrant motor behav-
iour were more common among the diagnosed; however,
after adjusting for other factors, only aberrant motor behav-
iour remained significantly associated with diagnosis. Our
findings are consistent with the idea that challenging behav-
ioural symptoms prompt help seeking, although our sample
size was too small to be definitive.

Most individuals with dementia who were reported to
have consulted a medical professional regarding memory
symptoms had received a diagnosis, suggesting that thera-
peutic nihilism or delay to accessing diagnostic services once
help had been sought was not a major contributor to a diag-
nosis gap in this population.

Being married was strongly linked to prior diagnosis in this
group but only among women. Among the unmarried (pre-
dominantly widowed), men and women were equally likely to
be diagnosed. Perhaps in this cohort, an expectation to main-
tain housekeeping, caring or other roles means that cognitive
deficits become more evident in married older women.
Nursing home residence was not independently associated

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. The distribution of dementia subtype, dementia severity (CDR) and the presence of behavioural and psychological
symptoms among people with dementia aged 71 and older with and without a prior diagnosis of dementia, the diagnosis rate
and univariate odds ratio for the effect of each clinical characteristic on the odds of diagnosis

Factor Number (%) among
undiagnosed,N= 159

Number (%) among
diagnosed,N = 121

Weighted % with prior
diagnosis

Univariate odds
ratio

95% Confidence
interval

Dementia subtype
Alzheimer’s disease 113 (63.7) 96 (77.6) 47.3 1 Ref
Vascular dementia 29 (21.5) 16 (12.5) 30.0 0.65 0.33–1.27
Other or unknown
aetiology

17 (14.7) 9 (9.9) 33.1 0.62 0.27–1.46

Dementia severity
CDR= 0.5 40 (31.9) 9 (7.6) 14.9 1 Ref
1 69 (43.7) 26 (21.2) 26.4 1.61 0.68–3.79
2 23 (12.7) 36 (21.8) 55.9 6.96 2.84–17.0
3 20 (8.6) 35 (33.5) 74.1 7.78 3.14–19.3
4 a a 74.6 19.3 4.5–82.0
5 a a 83.2 3.33 0.63–17.6

Neuropsychiatric inventoryb

Delusions 22 (14.1) 28 (23.4) 55.5 1.8 0.99–3.40
Hallucinations 21 (13.4) 25 (16.4) 47.8 1.68 0.89–3.19
Agitation 33 (12.1) 45 (37.5) 69.9 2.23 1.31–3.80
Depression 46 (24.7) 32 (32.2) 49.4 0.86 0.51–1.47
Apathy 28 (14.5) 38 (36.1) 65.2 2.1 1.19–3.68
Elated mood a a c c c

Anxiety 38 (16.4) 21 (14.7) 40.2 0.65 0.36–1.19
Disinhibition 19 (13.2) 14 (8.9) 33.9 0.93 0.45–1.95
Irritability 27 (9.4) 23 (18.6) 59.8 1.12 0.61–2.09
Aberrant behaviour 13 (10.0) 34 (28.1) 67.6 4.39 2.19–8.79

aLow numbers (<5 participants) in cells removed in line with ADAMS data sharing agreement.
bNPI variables are binary. Results for each row relate to those with each symptom, with the reference group without each symptom not shown.
cThere were insufficient observations to estimate the proportion diagnosed among people with abnormally elated mood.
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with prior diagnosis, although it is notable that 83% of the
non-diagnosed population were resident in their own homes.

There are several possible explanations for the effects of
age and dementia severity on diagnosis. People in the earliest
stages of dementia might not recognise their symptoms, or
they might not want a dementia diagnosis while they can
manage without help. The oldest old or their carers might
perceive any difficulties as a normal characteristic of ageing,
or medical co-morbidity might make deficits in daily func-
tion due to poor cognition less apparent.

A 2011 review [13] identified eight studies of the diagno-
sis of dementia in medical records among people with de-
mentia or severe cognitive impairment [20–27] and found an
overall diagnosis rate of 38% from a mixture of small popula-
tion representative and larger convenience samples. Using a

similar method to the present study, prior diagnoses were
reported by 36% of informants of 252 participants with de-
mentia of the 1991 Canadian Study of Health and Ageing
[28]. In agreement with the present findings, these studies
consistently find that males, older people and those with less
severe dementia or fewer behavioural problems are less likely
to be diagnosed, while findings with respect to socioeconom-
ic status or healthcare contacts have been equivocal.

Our analysis has limitations. Data on prior diagnosis were
supplied by informants, although having a reliable informant
was a requirement for entry into ADAMS, and in all but
27 cases we could ascertain whether a dementia diagnosis
had been made. Second, our findings are not applicable to
people who would not have had a knowledgeable informant,
who may be at increased risk of missed diagnosis [29]. Third,
the ADAMS sample weights were used to estimate all pro-
portions, but this may not fully account for selection bias
and it is possible that those who refuse to participate are
more likely to have been those without prior diagnosis.
Fourth, ADAMS is limited to those aged 71 and older, and
while only a small proportion of people with dementia are 70
or younger, the pathways for diagnosis could be different in
that group. Data were collected between 2001 and 2003, and
diagnosis rates may have changed since that time. Finally,
causal inference is difficult when using cross-sectional data,
but to our knowledge, there is no data currently available
with which temporal associations can be explored.

Conclusion

Epidemiological studies provide the most valid estimates of
dementia diagnosis rates and their correlates. Our findings
and those from previous studies consistently suggest that the
oldest old, men and those living alone may be at particular
risk of missed diagnosis. A large proportion of those with
undiagnosed dementia are likely to have mild dementia
with fewer behavioural symptoms, and the vast majority with
moderate or severe dementia are diagnosed. Contemporary
epidemiological data linked to medical records and follow-up
to establish causation would have the potential to more dir-
ectly explore the factors that influence help seeking and diag-
nosis among patients, caregivers and doctors, both at the
level of the community and the individual.

Key points

• Dementia was not diagnosed in 58% of cases.
• Dementia severity was strongly linked to prior diagnosis.
• Most people with undiagnosed dementia lived in their own
homes.
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Table 3. Multivariate regression analysis showing the
independent effect of demographic and clinical factors on
the odds of diagnosis among the population aged 71 and
older with dementia

Factor Multivariate odds
ratio

95% Confidence
interval

P
valueb

Age
71–74 1 ref 0.008
75–79 1.08 0.42–2.79
80–89 0.72 0.28–1.84
90+ 0.24** 0.09–0.64

Education
<9 years 1 ref 0.043
9–11 years 2.63* 1.08–6.40
12–13 years 2.87* 1.28–6.41
>13 years 2.34 0.88–6.17

Single male 1 ref 0.038
Married male 0.84 0.26–2.74
Single female 1.31 0.53–3.25
Married female 4.59* 1.34–15.68

Nursing home resident 1.59 0.71–3.57 0.281

CDR= 0.5 1 ref 0.0003
1 1.93 0.72–5.15
2 10.48*** 3.40–32.30
3 7.55*** 2.32–24.59
4 12.33** 2.04–74.56
5 3.13 0.33–30.13

Neuropsychiatric inventorya

Delusions 1.14 0.43–3.03 0.798
Hallucinations 1.01 0.39–2.61 0.985
Agitation 2.02 0.85–4.82 0.112
Depression 0.75 0.34–1.67 0.484
Apathy 2.01 0.87–4.65 0.102
Anxiety 0.52 0.21–1.29 0.157
Disinhibition 0.6 0.20–1.86 0.380
Irritability 0.51 0.18–1.48 0.216
Aberrant motor
behaviour

3.07* 1.12–8.36 0.029

aNPI variables are binary. Results for each row relate to those with each
symptom, with the reference group without each symptom not shown. Elated
mood excluded because of insufficient participants.
bP value corresponds to a Wald test of the hypothesis that ORs for all factor levels
compared with the reference group equal 1. *P< 0.05, **P< 0.01, ***P< 0.001
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