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Abstract: Research on anxiety in oldest-old individuals is scarce. Specifically, incidence studies based
on large community samples are lacking. The objective of this study is to assess age- and gender-
specific incidence rates in a large sample of oldest-old individuals and to identify potential risk
factors. The study included data from N = 702 adults aged 81 to 97 years. Anxiety symptoms were
identified using the short form of the Geriatric Anxiety Inventory (GAI-SF). Associations of potential
risk factors with anxiety incidence were analyzed using Cox proportional hazard models. Out of
the N = 702 older adults, N = 77 individuals developed anxiety symptoms during the follow-up
period. The incidence rate was 51.3 (95% CI: 41.2–64.1) per 1000 person-years in the overall sample,
compared to 58.5 (95% CI: 43.2–72.4) in women and 37.3 (95% CI: 23.6–58.3) in men. Multivariable
analysis showed an association of subjective memory complaints (HR: 2.03, 95% CI: 1.16–3.57) and
depressive symptoms (HR: 3.20, 95% CI: 1.46–7.01) with incident anxiety in the follow-up. Incident
anxiety is highly common in late life. Depressive symptoms and subjective memory complaints are
major risk factors of new episodes. Incident anxiety appears to be a response to subjective memory
complaints independent of depressive symptoms.

Keywords: incidence; anxiety; late life; cohort study

1. Introduction

Anxiety in old age is a frequent mental health problem [1–4] with an estimated
point prevalence of 17% for any anxiety disorder [5]. Specific phobias (10%), followed
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by generalized anxiety disorder (4%) and social phobia (4%), have been found to be the
most prevalent anxiety disorders in oldest-old individuals [5]. The burden of anxiety
in later life is extensive including impairments in quality of life [6], limitations in daily
activities [3,6], increased risk of developing dementia [7], and an excess in health-care
costs [8]. Some studies have linked anxiety, specifically generalized anxiety disorder, with
increased mortality in women [9]. However, research on the association of anxiety and
mortality rate is rather inconclusive [10,11]. Besides anxiety disorders, sub-threshold
anxiety symptoms are highly prevalent in late life [1,12] and have been associated with self-
reported functional decline in older adults [13]. Still, anxiety in late life has been reported
to be a largely unrecognized and underestimated cause of suffering in older adults [14].

While knowledge about the prevalence of anxiety in the oldest-old helps to recognize
the extent of a mental health issue and the need for treatment at a given point in time,
information on the incidence of anxiety is important to understand long-term developments
and major drivers of new episodes of late-life anxiety. So far, only few studies on incident
anxiety in late life are based on large community samples [15]. Previous cohort studies
found incidence rates varying between 0.8 per 1000 person-years up to 32 per 1000 person-
years for various anxiety disorders [16–19]. However, most prior studies reporting on
the incidence of anxiety in older people either did not include individuals aged 80 years
and above [16,18,19], assessed the incidence of anxiety only in specific subgroups of older
people (e.g., spouses of dementia or visually impaired individuals) [20–22] or did not use
anxiety measures specifically developed for older adults [16,20,21]. Other studies relied
on primary care or computer recorded data for anxiety without further specification on
how those anxiety diagnoses have been assessed [23,24]. So far, the literature particularly
lacks information on gender- and age-specific incidence rates of anxiety symptoms in the
group of oldest-old individuals using anxiety measures explicitly developed for this age
group. Diagnostic instruments used to assess anxiety in younger age groups may not
be as adequate to measure anxiety in late life as the presentation of anxiety symptoms
change in late life [25]. Further, loss experiences (i.e., the death of a related person) as
a possible risk factor for incident anxiety in late life have been rarely considered in the
past. In a prior study we found prevalent anxiety symptoms to be associated with recent
loss experiences, next to depression and cognitive function [1]. Similarly, other studies
reported an increase in anxiety in older adults post bereavement [26,27]. Therefore, recent
experiences of bereavement may be a significant risk factor for the occurrence of subsequent
anxiety in late life. In sum, there is clearly a need for more research on anxiety, specifically
incidence of anxiety symptoms, in the oldest-old.

Thus, the objectives of this study are (a) to determine age- and gender-specific in-
cidence rates of anxiety symptoms in a primary care sample of oldest-old individuals
(81+ years) and (b) to identify risk factors for incident anxiety symptoms and describe the
course of incident anxiety.

2. Materials and Methods
2.1. Study Population

Data were derived from the study “Needs, Health Service Use, Costs and Health-
Related Quality of Life in a Large Sample of Oldest-Old Primary Care Patients (85+)
(AgeQualiDe)” and its preceding study the “German Study on Ageing, Cognition, and
Dementia in Primary Care Patients (AgeCoDe)”. The AgeCoDe and AgeQualiDe studies
are multicenter prospective cohort studies conducted in six study centers in Germany:
Hamburg, Bonn, Düsseldorf, Leipzig, Mannheim, and Munich. The initial recruitment
of 3327 patients for the AgeCoDe study was realized via 138 participating general prac-
titioners (GPs). Participants were regular primary care patients aged 75 years or over
and with absence of dementia at baseline. Data were collected through structured clinical
interviews conducted in participants’ homes with baseline and six follow-up assessments
(FU) conducted every 18 months from 2003 until 2013. The AgeQualiDe study continued
the AgeCoDe study with three additional FU assessments every 10 to 15 months until 2017.
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The present study uses data from FU waves five (FU5) and six (FU6) of the AgeCoDe study
(2010–2014) and FU wave seven of the AgeQualiDe study (2014–2015) assessing the same
patient group. These FU waves were chosen because only in this period anxiety symptoms
were assessed. The AgeCoDe and AgeQualiDe study design and eligibility criteria for the
AgeCoDe cohort at baseline have been described in detail elsewhere [28,29].

Of the N = 3327 participants at baseline, a total of N = 1342 were investigated at FU5.
Of those, N = 269 individuals were excluded due to incomplete assessments, not meeting
inclusion criteria at baseline (age < 75) or having cognitive impairment (scoring less than
24 on the Mini Mental State Examination, MMSE [30]) at FU5. Furthermore, individuals
with cut-off anxiety symptoms at FU5 were excluded from the analysis (N = 141) leaving
a population at risk of N = 932. For final inclusion in the analyses of incident anxiety,
individuals needed to have at least one assessment of anxiety symptoms at the subsequent
follow-ups (FU6 and/or FU7) and having no cognitive impairment at FU6 (≥24 on the
MMSE). Information on the sampling frame and the number of participants at baseline and
FU for the present study is given in Figure 1.
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Figure 1. Flow chart for sample selection at baseline and follow-up.

2.2. Ethical Consideration

Study conduct was in accordance with the Declaration of Helsinki and approved
by the local ethic committees of all six participating study centers (Hamburg: OB/08/02,
2817/2007, MC-390/13; Bonn: 050/02; 174/02, 258/07, 369/13; Mannheim: 0226.4/2002,
2007-253E-MA, 2013-662 N-MA; Leipzig: 143/2002, 309/2007, 333-1318112013; Düsseldorf:
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2079/2002,2999/2008, 2999; München: 713/02, 713/02 E). Prior to study participation,
written informed consent was provided by all patients and/or their proxies.

2.3. Measures
2.3.1. Geriatric Anxiety Symptoms

Anxiety symptoms were identified using the short form of the Geriatric Anxiety
Inventory (GAI-SF) [31]. The GAI-SF comprises five items on a yes/no response scale
assessing the severity of anxiety symptoms. The GAI-SF has good psychometric properties
and has been proposed as a screening instrument for generalized anxiety disorder in older
people [31,32]. A cut-off score of ≥3 was used to identify individuals with increased
symptoms of anxiety [33] and possible anxiety disorder [31]. The same cut-off score has
been used previously in other studies assessing anxiety in late life [1,29,33]. The GAI-SF is
an instrument specifically suitable to assess anxiety in late life due to its brevity, the simple
response format, and the absence of somatic symptom items. Anxiety was assessed initially
at FU5 (for exclusion of cases with GAI-SF ≥ 3) and for observation at follow-ups 6 and 7.

2.3.2. Predictor Variables

Potential predictors of incident anxiety were assessed at study FU5. Sociodemographic
variables included gender, age, marital status (single, married, divorced/widowed), living
situation (alone, not alone), and education (high, middle, low) according to the new
CASMIN educational classification (Comparative Analysis of Social Mobility in Industrial
Nations) [34].

Loss experiences were defined as cases of death in the closer social environment
of participants within the last 18 months. No limitations on the type of relationship
were imposed.

Depressive symptoms were measured with the 15-item Geriatric Depression Scale
(GDS-15) [35]. The GDS-15 consists of a yes/no response format and has been developed
for specific use in older adults. The instrument has been shown to have good psychometric
properties [36]. A cut-off score of ≥6 was used in the present study to differentiate between
people with and without depressive symptoms [37].

Subjective memory complaints (SMC) were assessed using two items adapted from
Geerlings et al. [38] by asking participants if they have noticed a decline in their memory
(“Do you feel like your memory has become worse?”) and if so, whether they were con-
cerned about it (“no”, “yes, that is a worry”, “yes, that is a serious worry”). Participants
with no subjective memory decline and those who were not concerned about subjective
memory impairments were categorized as having no SMC. Participants who considered
their subjective memory decline as worrisome were regarded as having SMC [38].

Functional impairments were measured on the level of mobility, hearing, and eyesight.
Participants were asked whether they experienced no, some, significant, or most severe
difficulties in each domain. Participants reporting difficulties were considered impaired in
the respective domain.

2.4. Statistical Analyses

Incidence of anxiety is presented as incidence rates (IR) with 95% confidence intervals,
and was calculated as the number of new cases of anxiety at follow-up waves six/seven
divided by person-years at risk. In cases of new episodes of anxiety symptoms during
the observed follow-up period the first time of appearance was estimated as half way
between the last assessment without anxiety (GAI < 3) and the first assessment with cut-off
anxiety (GAI ≥ 3). IRs are presented as total incidence. Total incidence refers to individuals
who develop a new anxiety episode during the observation period. In contrast, life time
incidence or first time incidence refers to those who develop anxiety for the first time in
their life [39]. Individuals without anxiety onset during the observed follow-up period were
censored at the end of the study period (FU7). Furthermore, individuals were censored
in case of death or occurrence of impaired general cognitive function (Mini Mental State
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Examination test (MMSE) < 24, [30]). Multivariable cox proportional hazard regression
models were performed in order to analyze the strengths of associations between incident
anxiety symptoms and predictor variables. The cox regression is suitable in order to model
the simultaneous influence of several predictor variables on the time-to-event. Predictor
variables included in the regression model were age, gender, previous loss experience,
depressive symptoms, subjective memory complaints, and functional impairments. GP
practices were included as a cluster variable in a complex sample regression model in
order to incorporate the sample design in the analysis and achieve adjusted estimated
standard errors. Requirements for the cox proportional hazards regression model were
tested beforehand by checking Schoenfeld residuals for each risk factor and applying the
ph test (testing for proportional hazards) for the overall cox regression model. Due to a
strong overlap of depression and anxiety, regression analyses were run separately for the
overall sample and a subsample of individuals with no depression at FU5. Kaplan–Meier
curves were analyzed to assess time to incident anxiety symptoms. Data analyses were
performed using SPSS 25 Windows (SPSS Inc., Chicago, IL, USA). The level of statistical
significance was set to p < 0.05.

3. Results
3.1. Study Population

Of the 702 participants included in the analyses without anxiety at follow-up five,
66.4% were female (N = 466) and 33.6% (N = 236) were male. The study sample was on
average 86.4 (SD = 2.8) years old, and more frequently widowed or divorced (N = 445,
63.4%) than married (N = 211, 30.1%) or single (N = 46, 6.5%). About half of the study
sample had a low educational level (N = 381, 54.3%) and was living alone (N = 371,
52.8%). Table 1 shows the characteristics of the study sample at follow-up five. Individuals
investigated at FU5 and excluded from the analyses (N = 640) did not significantly differ
from the study sample with regard to marital status (66.0% vs. 63.4% widowed/divorced,
26.5% vs. 30.1% married, 7.5% vs. 6.6% single, χ2 (2, 1340) = 2.298, p = 0.332). However,
excluded individuals were older (M = 87.2, SD = 3.47 vs. M = 86.4, SD = 2.82, p < 0.001),
more often female (70.8% vs. 66.4%, χ2 (1, 1342) = 3.002, p = 0.047) and had a lower
educational level (61.4% vs. 54.3% low education, 29.4% vs. 30.3% medium education, 9.2%
vs. 15.4% high education, χ2 (2, 1342) = 13.286, p = 0.001) compared to included participants.
Sample characteristics of excluded participants can be found in the supplementary material
(Table S1).

Table 1. Sociodemographic Characteristics of the study sample at FU5.

Study Sample (N = 702)

Age, years
Mean, SD 86.4 (2.8)
Range 81–97

Gender, n (%)
Male 236 (33.6)
Female 466 (66.4)

Education a, n (%)
High 108 (15.4)
Middle 213 (30.3)
Low 381 (54.3)
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Table 1. Cont.

Study Sample (N = 702)

Marital status, n (%)
Married 211 (30.1)
Widowed/divorced 445 (63.4)
Single 46 (6.5)

Living situation, n (%)
Alone 371 (52.8)
Not alone 331 (47.2)

GAI-SF, mean (SD) 0.67 (0.77)
MMSE, mean (SD) 28.2 (1.4)
Depressive symptoms b n (%) 54 (7.7)
Recent loss experience, n (%) 202 (28.8)
Functional impairments, n (%)

Mobility impairment 376 (53.6)
Vision impairment 159 (22.6)
Hearing impairment 337 (48.0)

Subjective memory complaints, n (%) 116 (16.5)
GAI-SF, short form of the Geriatric Anxiety Inventory; SD Standard deviation; MMSE, Mini-Mental-State Exami-
nation; a Classification according to the international new CASMIN educational classification; b Based on the
Geriatric Depression Scale.

3.2. Age- and Gender-Specific Incidence Rates of Anxiety Symptoms

Table 2 shows the age- and gender-specific incidence rates of anxiety symptoms in the
sample of oldest-old primary care patients. In total, 77 participants (11%) developed inci-
dent anxiety symptoms (GAI-SF: 3+ points) during the follow-up period (FU6/FU7). In the
overall sample, the incidence rate of anxiety was 51.3 (95% CI: 41.2–64.1) per 1000 person-
years. Women had a higher incidence rate (IR: 58.5, 95% CI: 43.2–72.4) compared to men
(IR: 37.3, 95% CI: 23.6–58.3). Overall, the incidence rate decreased with age from 57.4
(95% CI: 41.8–78.6) in the youngest age group (81 to 85 years) to 52.0 (95% CI: 35.7–72.8)
in the intermediate age group (86 to 90 years) to 20.1 (95% CI: 6.7–62.4) in the oldest age
group (91+ years). However, the highest incidence rate was found in women aged 86 to
90 years old (IR: 66.8, 95% CI: 47.2–94.6).

Table 2. Age- and gender-specific incidence of anxiety symptoms (GAI < 3 at FU5 and ≥ at FU6
and/or FU7).

n No. of New
Cases

Sum of Risk
Years

Incidence per
1000

Person-Years
(95% CI)

Total 702 77 1501 51.3 (41.2–64.1)
Men 236 19 509 37.3 (23.6–58.3)
Women 466 58 992 58.5 (43.2–72.4)
Age

81 to 85 312 39 679 57.4 (41.8–78.6)
86 to 90 320 35 673 52.0 (35.7–72.8)
91 and over 70 3 149 20.1 (6.7–62.4)

Men
81 to 85 127 16 273 58.6 (35.9–95.9)
86 to 90 89 3 194 15.5 (5.1–47.9)
91 and over 20 0 42 - -

Women
81 to 85 185 23 406 56.6 (37.7–85.2)
86 to 90 231 32 479 66.8 (47.2–94.6)
91 and over 50 3 107 28.0 (8.9–86.9)

GAI-SF, short form of the Geriatric Anxiety Inventory; No., Number; CI, confidence interval.

3.3. Risk Factors of Incident Anxiety Symptoms

Table 3 shows the results of the multivariable Cox proportional hazards regression
of time to incident anxiety adjusted for the cluster-effect of the recruiting GPs for the
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overall sample and the subsample without depression at FU5, separately. Depression and
subjective memory complaints were positively associated with incident anxiety symptoms
in the overall model. The risk for incident anxiety during the follow-up period was
significantly increased among individuals with depressive symptoms at FU5 (HR: 3.20,
95% CI: 1.46–7.01). Similarly, the presence of SMC at FU5 increased the risk of incident
anxiety symptoms in the follow-up twice as much compared to those without previous
SMC (HR: 2.03, 95% CI: 1.16–3.57). The interaction term of depressive symptoms and SMC
was not significant in the overall model. The predictive value of SMC for incident anxiety
was further confirmed by the multivariable analysis of the subsample without depression
at FU5 (HR: 1.92, 95% CI: 1.09–3.39) indicating depression and SMC as independent risk
factors for the development of subsequent anxiety symptoms. Figures 2 and 3 show the
Kaplan–Meier survival curves according to status of depression and SMC, respectively.
Age, gender, recent loss experiences, and functional impairments were not significantly
associated with incident anxiety.
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Table 3. Multivariable cox proportional hazards regression of time to incident anxiety for the overall sample and a subsample without depression at FU5.

Overall Sample (N = 702) Subsample without Depression at FU5 (N = 648)

Variables at FU5 Incident
Anxiety n/N

Multivariable HR
(95% CI) Wald F SE p-Value Incident

Anxiety n/N
Multivariable HR

(95% CI) Wald F SE p-Value

Age, every additional year 77/702 0.93 (0.85–1.01) 2.960 0.044 0.088 61/648 0.92 (0.84–1.00) 3.332 0.047 0.070
Gender

Female 58/466 1 44/425 1
Male 19/236 0.70 (0.42–1.19) 1.763 0.264 0.187 17/223 0.78 (0.44–1.39) 0.707 0.292 0.402

Depressive symptoms a

No 61/648 1 - - - - -
Yes 16/54 3.20 (1.46–7.01) 8.675 0.395 0.004 - - - - -

Recent loss experience
No 54/500 1 42/463 1
Yes 23/202 0.96 (0.58–1.62) 0.018 0.260 0.893 19/185 1.07 (0.61–1.88) 0.052 0.286 0.820

Subjective memory
complaints (SMC)

No 55/586 1 45/549 1
Yes 22/116 2.03 (1.16–3.57) 6.202 0.285 0.014 16/99 1.92 (1.09–3.39) 5.170 0.287 0.025

Mobility impairment
No 27/326 1 25/318 1
Yes 50/376 1.42 (0.87–2.30) 2.045 0.245 0.155 36/330 1.43 (0.87–2.34) 2.049 0.249 0.155

Vision impairment
No 55/543 1 42/505 1
Yes 22/159 1.21 (0.72–2.05) 0.533 0.266 0.467 19/143 1.58 (0.93–2.69) 2.951 0.267 0.088

Hearing impairment
No 45/365 1 33/331 1
Yes 32/337 0.79 (0.47–1.34) 0.746 0.263 0.389 28/317 0.86 (0.48–1.54) 0.245 0.293 0.621

Depression*SMC - 0.59 (0.18–1.94) 0.751 0.596 0.388 - - - - -

HR, Hazard ratio; 95% CI, 95% Confidence interval; SE, Standard error; FU, Follow-up; a Based on the Geriatric Depression Scale. The “*” is not an abbreviation here. It indicates an interaction term of Depression
with SMC.
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3.4. Course of Anxiety Symptoms

Table 4 shows the course of anxiety from follow-up waves 5 to 7. With regard to the
overall sample, a minority (2.4%) of participants developed incident anxiety symptoms
that persisted through follow-up wave seven. Of those with incident anxiety, about one
fifth (22.1%) experienced persistent anxiety. Both, temporary anxiety symptoms (5.3% vs.
13.7%, chi2 (1, 559) = 5.739, p = 0.027) and persistent anxiety symptoms (5.3% vs. 29.4%,
chi2 (1, 525) = 16.688, p = 0.002) were associated with previous depressive symptoms at
FU5. While preceding depressive symptoms were more frequent in those with persistent
anxiety (29.4%) compared to individuals with temporary anxiety (13.7%), the difference
between temporary anxiety and persistent anxiety with regard to preceding depression
was not significant (chi2 (1, 68) = 2.159, p = 0.136). Sample characteristics according to the
course of anxiety are shown in Table 5.

Table 4. Course of anxiety from follow-up wave 5 to 7.

FU5 FU6 FU7 N (%) a

OCT/2010-
NOV/2012

JAN/2012-
FEB/2014

JAN/2014-
FEB/2015

no anxiety

no anxiety no anxiety 508 (72.4) no anxiety
no anxiety anxiety 29 (4.1) temporary anxiety

anxiety no anxiety 22 (3.1)
anxiety anxiety 17 (2.4) persistent anxiety

Based on the Geriatric Anxiety Inventory with a cut-off ≥ 3 for anxiety; FU5, FU6, FU7 = follow-up waves 5 to 7;
a Missing data on either FU6 or FU7 for N = 126 (17.6%).

Table 5. Sample characteristics according to the course of anxiety from follow-up wave 5 to 7.

No Anxiety
(N = 508)

Temporary Anxiety
(N = 51)

Persistent Anxiety
(N = 17)

Mean (SD) Mean (SD) Mean (SD)
Age (years) 86.45 (2.9) 85.8 (2.5) 86.0 (2.7)

N (%) N (%) N (%)
Female sex 331 (65.2) 37 (72.5) 13 (76.5)
Education

High 82 (16.1) 6 (11.8) 2 (11.8)
Middle 162 (31.9) 12 (23.5) 4 (23.5)
Low 264 (52.0) 33 (64.7) 11 (64.7)

Depressive symptoms 27 (5.3) 7 (13.7) * 5 (29.4) **
Subjective memory
complaints 70 (13.8) 13 (25.5) 3 (17.6)

Recent loss experience 155 (30.5) 14 (27.5) 8 (47.1)
Based on the Geriatric Anxiety Inventory with a cut-off ≥ 3 for anxiety; no anxiety, GAI < 3 at follow-up waves 5
to 7; temporary anxiety, GAI ≥ 3 at either follow-up wave 6 or 7; persistent anxiety, GAI ≥ 3 at follow-up waves
6 and 7; * significant differences between ‘temporary anxiety’ and ‘no anxiety’, chi2 (1, 559) = 5.739, p = 0.027;
** significant differences between ‘persistent anxiety’ and ‘no anxiety’, chi2 (1, 525) = 16.688, p = 0.002.

4. Discussion

The aim of the present study was to assess age- and gender-specific incidence rates of
anxiety symptoms in a primary care sample of oldest-old individuals (81+), to identify risk
factors and to describe the course of incident anxiety symptoms. There was a considerable
rate of incident anxiety symptoms of 51.3 (95% CI: 41.2–64.1) per 1000 person-years in the
overall sample. The incidence rate was higher in women compared to men (58.5 vs. 37.3)
and decreased with age from 57.4 in the youngest age group (81 to 85 years) to 20.1 in
the oldest age group (91+ years). Multivariable analysis showed presence of subjective
memory complaints and depressive symptoms to be predictive of incident anxiety in the
follow-up. Neither gender, age, recent loss experiences nor functional impairments were
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significantly associated with incident anxiety symptoms in a multivariable model. Of
those individuals with incident anxiety, more than one-fifth (22.1%) experienced persistent
anxiety in the course of two follow-up waves.

4.1. Incident Anxiety Symptoms in Late Life

Epidemiological studies reporting on incident anxiety in late life are rare. Previous
studies reported incidence rates for various anxiety disorders ranging from 0.8 to 32 in
older adults [16–19,40]. However, most studies either assessed first time incidence of
anxiety retrospectively [16,40,41], which is prone to recall bias, and/or reported results
only for younger age groups of older adults [18,19,40]. Little is known about the incidence
of anxiety symptoms in community dwelling cohorts of oldest-old individuals. Thus,
comparing the results of our study to previous literature is difficult. A study from the
UK assessing entries from a primary care database reported a much lower incidence rate
for anxiety symptoms of 5.4 per 1000 person-years for individuals aged 75+ years [24]. A
reason for this difference in incidence rates may lie in differences with regard to study
design, sample age and anxiety assessment. On the one hand, the present study assessed
anxiety symptoms using an age-appropriate screening instrument for anxiety; on the other
hand, Walters et al. [24] analyzed GP recorded entries in a database over a period of
10 years. The study by Walters et al. [24] only included older adults who were examined for
anxiety symptoms by their attending GP. However, recognition of mental health problems
has been shown to be challenging in primary care [42]. Generally, there seems to be an
under-detection of mental disorders by GPs [43,44]. Another barrier to the detection of
incident anxiety in primary care may lie in the reluctance of older adults to report milder
symptoms of anxiety [45,46]. Thus, analyses based on GP recorded database entries will
likely lead to an underestimation of incident anxiety in late life. Another study assessed
incident anxiety symptoms in late life using population-based age-specific screenings
over a course of two years [12]. In comparison to our study, Kang et al. [12] found a
higher proportion of incident anxiety symptoms for older adults in general (65+ years) and
oldest-old individuals specifically (80+ years) of 29.2% and 44%, respectively. However,
comparisons based on incidence proportion may be less meaningful than comparison
of incidence rates, as they do not consider the person-time at risk. This is specifically
challenging when comparing studies with varying survey periods. In sum, our results
show that incident anxiety symptoms are highly common in late life, which is roughly in
line with the few previous studies in this field.

4.2. Risk Factors for Incident Anxiety in Late Life

With regard to predictors of incident anxiety in late life, the results of the present
study indicate two important risk factors. The first is depression which is a well-known
comorbidity of anxiety and is frequently discussed in terms of concept overlap [32] and
timeline of disease onset [47,48]. The present data indicate depressive symptoms to precede
subsequent anxiety symptoms in latest life. While one previous study [41] did not find
major depression at baseline to be associated with incident anxiety disorders in a sample of
adults aged 60+ years; at large, our finding is in line with other studies showing depression
as an important risk factor for the development of subsequent anxiety [17,20,49]. The
results of the present study do not allow drawing conclusions on the true timeline of onset
with regard to depression and anxiety, as the total incidence of anxiety symptoms has been
assessed instead of first-time incidence. It is therefore possible that the first onset of anxiety
and depression may have occurred at some point earlier in life. Nevertheless, the results
of this study do suggest that awareness for the possibility of subsequent anxiety should
increase in the presence of current depressive symptoms in oldest-old individuals.

Subjective memory complaints were found to be the second risk factor for incident
anxiety in the follow-up period. Previous literature has frequently reported an inverse
relationship of anxiety with cognitive performance [50–52]. The association between
anxiety and diminished cognitive performance has been discussed in terms of a two-way
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relationship. On the one hand, anxiety may function as a marker and prodromal symptom
of cognitive decline in later life [53–55]. On the other hand, higher cortisol levels as well
as attentional shifts during states of anxiety have been shown to compromise cognitive
performance [51,56,57]. Further research showed comorbid depression mediating this
relationship of anxiety with cognitive performance [58]. In the present study, we looked
at the influence of SMC on incident anxiety symptoms. SMC is highly common in late
life [59] and has been connected to mild cognitive impairment [60], depression [59], and
anxiety [61] in the past. The results of this study indicate SMC to be predictive of incident
anxiety symptoms in a sample of overall cognitively healthy oldest-old individuals without
depression. Our results therefore suggest that SMC is a risk factor for incident anxiety
independent of depression in latest life and support the notion of anxiety symptoms as a
response to perceived memory difficulties.

In contrast to our assumption, previous recent loss experiences are not associated with
incident anxiety symptoms in a sample of oldest-old individuals. While anxiety has been
described as a natural and possibly clinically significant response to bereavement [62], the
loss of a relative or a close friend may not be in general a good predictor for the development
of subsequent anxiety. Previous studies have shown various situational and individual risk
factors (e.g., unexpected deaths, kinship, social isolation) that contribute to an unfavorable
bereavement outcome [63–66]. However, a significant amount of older adults seems to cope
well with bereavement without experiencing an increase in psychological distress after the
loss [67]. Similarly, Chou et al. [41] did not find the number of stressful life events, which
included the death of a relative, to be a significant predictor for the incidence of anxiety
disorders in older adults. The authors suggest that older adults may have acquired better
skills to regulate their emotional states through life experience and are thus less influenced
by such life events [41]. In sum, the results of this study indicate that bereavement per se
does not predict subsequent anxiety in late life.

Finally, incidence of anxiety symptoms in late life is not predicted by basic sociode-
mographic factors (gender, age) or functional impairments. In line with our results,
Samuelsson et al. [23] found no significant associations of sociodemographic and med-
ical factors with anxiety in older adults. Previous studies with younger age groups mostly
reported a lower risk of incident anxiety with increasing age [17,19,20] and male gen-
der [19,49]. While incidence rates were higher in women compared to men in the present
study, gender was not found to be a significant risk factor in multivariable analyses con-
trolling for further variables. Gender differences can be explained through confounding
with depression. Depression is commonly reported to be more frequent in women than
in men [68,69]. Thus, when controlling for depression, gender may not be an additional
predictor for incident anxiety symptoms. Furthermore, risk factors for the development
of new anxiety episodes may differ over the lifespan. The influence of sociodemographic
factors may decrease in later life as other risk factors, such as preexisting psychiatric disor-
ders and cognitive functioning, become more important drivers of mental health problems
in oldest-old individuals.

4.3. Strengths and Limitations

The strengths of the present study include the assessment of incident anxiety symp-
toms in a large cohort of oldest-old individuals. Oldest-old individuals are fairly under-
represented in the field of mental health research. Previous studies have usually assessed
incidence of anxiety in younger age groups or included only small subsamples of oldest-
old individuals. The focus of the present study on individuals aged 81 years and older
therefore sets this study aside and provides new information on mental health in this
vulnerable and underrepresented subsample. Further, the present sample was recruited
through GPs in six study centers across Germany, therefore increasing representativeness
for community-dwelling adults in the oldest age groups. In consistency with the focus of
the study on those age groups, symptoms of anxiety and depression were assessed using
validated and age-appropriate instruments. The manifestation and reporting of anxiety
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symptoms may differ in old age specifically with regard to bodily sensations and physical
health [25]. Physical symptoms are an important aspect of the assessment and diagnosis
of anxiety. However, impairments in physical health are common in old age and may be
downplayed or normalized rather than adequately recognized as part of anxiety by older
adults and their physicians [25]. Thus, using a validated instrument, specifically developed
to assess anxiety in old age is another strength of this study.

Limitations include the possibility of a selection bias due to predefined inclusion
criteria and the exclusion of individuals with missing information on relevant outcome
variables. Further, psychotropic drugs were not considered in the analyses and can there-
fore be regarded as a possible confounding effect. Regarding the primary outcome, anxiety
was assessed at three single points in time. While this approach is commonly used in
epidemiological studies, it may lack precision to truly reflect trajectories of anxiety, because
episodes in between follow-up assessments may have been missed. Another limitation
relates to the assessment of anxiety symptoms. Cases of anxiety symptoms were defined
according to the GAI-SF and not according to a clinical diagnosis. However, as stated
previously, the GAI-SF is an instrument specifically developed to assess anxiety in old
age and has been shown to have good psychometric properties. Finally, individuals with
dementia and individuals in nursing homes were not included in the present study. Thus,
the presented incidence rates may be an underestimation of incident anxiety symptoms in
the general population of that age group.

5. Conclusions

Knowledge about incidence of anxiety in latest life is scarce. Specifically large
population-based cohort studies with oldest-old individuals are lacking in order to get a
comprehensive understanding of risk factors of new anxiety episodes in this vulnerable age
group. The present population-based study offers results on an understudied mental health
topic in latest life. The development of new anxiety episodes is a frequent phenomenon
in oldest-old individuals. Depression and subjective memory complaints are major risk
factors of incident anxiety in that age group. The results of the present study indicate
that anxiety functions as a response to the awareness of increasing memory difficulties
independent of the presence of depression. However, the relationship of subjective memory
complaints and anxiety in cognitively healthy oldest-old individuals is not well understood
and needs further research. In comparison with existing literature, it appears that drivers
of incident anxiety differ in latest life from younger age groups of older adults. Future
studies should therefore address anxiety in old age stratified for different age bands.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijerph182312786/s1, Table S1: Sample characteristics of excluded and included participants
at FU5.

Author Contributions: Conceptualization, F.D.W.; Data curation, W.M., M.S. and S.G.R.-H.; Formal
analysis, F.D.W.; Funding acquisition, W.M., M.S. and S.G.R.-H.; Investigation, H.v.d.B., W.M.,
M.S. and S.G.R.-H.; Methodology, F.D.W. and A.P.; Project administration, W.M., M.S. and S.G.R.-H.;
Resources, W.M., M.S. and S.G.R.-H.; Supervision, M.L. and S.G.R.-H.; Validation, M.L. and S.G.R.-H.;
Visualization, F.D.W.; Writing—original draft, F.D.W.; Writing—review & editing, M.L., A.P., M.P.,
A.F., D.W., H.B., S.W., J.W., B.W., A.O., C.B., H.-H.K., K.H., H.v.d.B., M.E., W.M., M.S., M.W. and
S.G.R.-H. All authors have read and approved the final manuscript. All authors have read and agreed
to the published version of the manuscript.

Funding: This publication is part of the German Research Network on Dementia (KND), the Ger-
man Research Network on Degenerative Dementia (KNDD; German Study on Ageing, Cognition
and Dementia in Primary Care Patients; AgeCoDe), and the Health Service Research Initiative
(Study on Needs, health service use, costs and health-related quality of life in a large sample of
oldest-old primary care patients (85+; AgeQualiDe)) and was funded by the German Federal Min-
istry of Education and Research (grants KND: 01GI0102, 01GI0420, 01GI0422, 01GI0423, 01GI0429,
01GI0431, 01GI0433, 01GI0434; grants KNDD: 01GI0710, 01GI0711, 01GI0712, 01GI0713, 01GI0714,
01GI0715, 01GI0716; grants Health Service Research Initiative: 01GY1322A, 01GY1322B, 01GY1322C,

https://www.mdpi.com/article/10.3390/ijerph182312786/s1
https://www.mdpi.com/article/10.3390/ijerph182312786/s1


Int. J. Environ. Res. Public Health 2021, 18, 12786 13 of 16

01GY1322D, 01GY1322E, 01GY1322F, 01GY1322G). Furthermore, this publication is part of the study
“Healthy Aging: Gender specific trajectories into latest life” (AgeDifferent.de), the study “Improv-
ing care of late-life depression: Acceptability, effectiveness and cost-effectiveness of the web-based
self-management E-couch “Bereavement and Loss” program” (AgE-health), and was funded by the
German Federal Ministry of Education and Research (AgeDifferent.de: Funding program “Gesund—
ein Leben lang”, grants 01GL1714A; 01GL1714B; 01GL1714C; 01GL1714D; AgE-health: 01GY1613).

Institutional Review Board Statement: The study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the local ethic committees of all participating centers
(Hamburg: OB/08/02, 2817/2007, MC-390/13; Bonn: 050/02; 174/02, 258/07, 369/13; Mannheim:
0226.4/2002, 2007-253E-MA, 2013-662 N-MA; Leipzig: 143/2002, 309/2007, 333-1318112013; Düssel-
dorf: 2079/2002,2999/2008, 2999; München: 713/02, 713/02 E).

Informed Consent Statement: All patients and/or their proxies provided written informed consent.

Data Availability Statement: The data that support the findings of this study are available on
request from the corresponding author. The data are not publicly available due to privacy or
ethical restrictions.

Acknowledgments: We want to thank all participating patients and their general practitioners
for their good collaboration. Members of the AgeCoDe & AgeQualiDe Study Group: Wolfgang
Maier (Principal Investigator), Martin Scherer (Principal Investigator), Steffi G. Riedel-Heller (Princi-
pal Investigator), Heinz-Harald Abholz, Christian Brettschneider, Cadja Bachmann, Horst Bickel,
Wolfgang Blank, Hendrik van den Bussche (Principal Investigator 2002–2011), Sandra Eifflaender-
Gorfer, Marion Eisele, Annette Ernst, Angela Fuchs, André Hajek, Kathrin Heser, Frank Jessen,
Hanna Kaduszkiewicz, Teresa Kaufeler, Mirjam Köhler, Hans-Helmut König, Alexander Koppara,
Diana Lubisch, Tobias Luck, Dagmar Lühmann, Melanie Luppa, Tina Mallon, Manfred Mayer, Edel-
gard Mösch, Michael Pentzek, Jana Prokein, Alfredo Ramirez, Susanne Röhr, Anna Schumacher,
Janine Stein, Susanne Steinmann, Franziska Tebarth, Carolin van der Leeden, Michael Wagner,
Klaus Weckbecker, Dagmar Weeg, Jochen Werle, Siegfried Weyerer, Birgitt Wiese, Steffen Wolfsgru-
ber, Thomas Zimmermann.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Welzel, F.D.; Stein, J.; Roehr, S.; Fuchs, A.; Pentzek, M.; Mösch, E.; Bickel, H.; Weyerer, S.; Werle, J.; Wiese, B.; et al. Prevalence

of Anxiety Symptoms and Their Association With Loss Experience in a Large Cohort Sample of the Oldest-Old. Results of the
AgeCoDe/AgeQualiDe Study. Front. Psychiatry 2019, 10, 285. [CrossRef]

2. Canuto, A.; Weber, K.; Baertschi, M.; Andreas, S.; Volkert, J.; Dehoust, M.C.; Sehner, S.; Suling, A.; Wegscheider, K.; Ausín, B.;
et al. Anxiety Disorders in Old Age: Psychiatric Comorbidities, Quality of Life, and Prevalence According to Age, Gender, and
Country. Am. J. Geriatr. Psychiatry 2018, 26, 174–185. [CrossRef] [PubMed]

3. Norton, J.; Ancelin, M.L.; Stewart, R.; Berr, C.; Ritchie, K.; Carrière, I. Anxiety symptoms and disorder predict activity limitations
in the elderly. J. Affect. Disord. 2012, 141, 276–285. [CrossRef]

4. Miloyan, B.; Pachana, N.A. Clinical significance of worry and physical symptoms in late-life generalized anxiety disorder. Int. J.
Geriatr. Psychiatry 2015, 30, 1186–1194. [CrossRef] [PubMed]
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