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AAbbssttrraacctt 

Background - Physical frailty and depressive symptoms are reciprocally related in 

community-based studies, but its prognostic impact on depressive disorder remains 

unknown.  

Methods - A cohort of 378 older persons (≥60 years) suffering from a depressive 

disorder (DSM-IV criteria) was reassessed at two-year follow-up. Depressive 

symptom severity was assessed every six months with the Inventory of Depressive 

Symptomatology, including a mood, motivational, and somatic subscale. Frailty was 

assessed according to the physical frailty phenotype at the baseline examination. 

Results - For each additional frailty component, the odds of non-remission was 1.24 

[95% CI=1.01-1.52] (p=.040). Linear mixed models showed that only improvement 

of the motivational (p<.001) subscale and the somatic subscale (p=.003) of the IDS 

over time were dependent on the frailty severity.  

Conclusions - Physical frailty negatively impacts the course of late-life depression. 

Since only improvement of mood symptoms was independent of frailty severity, one 

may hypothesize that frailty and residual depression are easily mixed-up in 

psychiatric treatment.  
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IInnttrroodduuccttiioonn  

Depressive disorder is a highly prevalent condition among older persons, with 

pooled prevalence rates of 1.8% for independently living persons aged 55 years and 

over (Beekman et al., 1999), and 7.2% for persons aged over 75 years irrespective of 

their living arrangement (Luppa et al., 2012). Depression in later life constitutes an 

important worldwide health issue due to  its chronic course with high recurrence 

and relapse rates (Cole et al., 1999; Mathers & Loncar, 2006). In the Netherlands 

Study of Depression in Older Persons (NESDO) it was previously found that after two 

years, 48% suffered from a depressive disorder and that 61% had a chronic course 

of depression (Comijs et al., 2015). Diagnosis of depression is often complicated by 

the presence of somatic comorbidity, pain and frailty (Mezuk et al., 2012; Penninx 

et al., 2013; Hanssen et al., 2014). To optimize treatment of late-life depression, 

understanding the processes involved in the course of this mental illness is essential. 

In an overview of evidence-based practices, the most extensive research support 

was found for the effectiveness of pharmacological and psychosocial interventions 

for the treatment of late-life depression (Bartels et al., 2002). Aspects such as 

comorbid somatic diseases and (potentially modifiable) frailty have not been 

incorporated in evidence-based anti-depressant treatment strategies. An important 

step would be to identify risk factors that predict an unfavorable course of 

depression. To date, only a few studies investigated risk factors of an adverse course 

of late-life depression. Known risk factors are higher severity of depressive 

symptoms, higher number of previous episodes, later age of onset, cognitive decline 

and medical comorbidity (Alexopoulos et al., 1996; Alexopoulos et al., 2000). Frailty 

may be an additional risk factor (Feng et al., 2014; Collard et al., 2015).  

Frailty is a condition of increased risk of adverse health outcomes (Fried et al., 2001). 

In a recent consensus meeting it has been concluded that physical frailty is an 

important medical syndrome with multiple causes and contributors (Morley et al., 

2013). The physical frailty phenotype is defined as the presence of three or more of 
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the following five characteristics: weight loss, weakness, slowness, exhaustion and 

low activity level (Fried et al., 2001). The dimensional nature of frailty is 

acknowledged by including a prodromal frailty state in this definition; prefrailty, 

which is defined as the presence of only one or two of the characteristics. When no 

frailty characteristics are present an older person is classified as robust (Fried et al., 

2001). Meta-analytic research has shown that approximately one out of ten persons 

over 65 years can be classified as physically frail (Collard et al., 2012). Remarkably, 

the hallmark study of Fried and colleagues (Fried et al., 2001), developing the 

physical frailty phenotype, excluded patients with depression and/or on 

antidepressant treatment. The authors wanted to preclude that persons were 

classified physically frail on the presence of one disorder only. Recently, we showed 

that more than a quarter of clinically depressed older persons fulfill criteria for 

physical frailty (Collard et al., 2014). As this proportion is comparable to chronic 

somatic diseases, it simply implies that frailty deserves a similar level of attention in 

geriatric psychiatry as in chronic somatic diseases. 

The association between physical frailty and depressive symptoms in the population 

is assumed to be bidirectional (Mezuk et al., 2012; Collard et al., 2014). This leads to 

the question whether frailty and late-life depression are causal factors for each 

other, or whether they share the same underlying mechanisms that may also 

influence the presentation of one another. Suggestions for the latter hypothesis 

involve both psychosocial factors and stress-related pathophysiological 

dysregulations (Feng et al., 2014). On the other hand, three longitudinal studies in 

the general population have identified physical frailty as an independent predictor 

of the increase and protracted course of depressive symptoms (Feng et al., 2014; 

Collard et al., 2015; Makizako et al., 2015), while one study showed that depression 

is a predictor of incident frailty (Lakey et al., 2012). Because these studies focused 

on depressive symptoms instead of a depressive disorder according to DSM criteria, 

results may be confounded by overlap between self-report depressive symptoms 

176



 

and signs of frailty. Moreover, these community-based findings cannot be 

extrapolated to a psychiatric population. Latent class analyses on the individual 

components of physical frailty and DSM-IV criteria for major depressive disorder also 

showed that physical frailty and major depressive disorder identify the same set of 

persons, especially among those suffering from severe depression (Mezuk et al., 

2013). Nonetheless, these analyses also pointed to a cluster of patients suffering 

from either physical frailty or depression alone. This has led to the conclusion that 

the most appropriate model for understanding the depression – frailty association 

is one of comorbidity (Mezuk et al., 2013). The next step would be to assess frailty 

and the course of depression in a clinically depressed sample.  

The first objective is to examine whether physical frailty predicts non-remission of 

depressive disorder over a two-year follow-up. The second objective is to examine 

whether physical frailty is associated with an adverse course of depressive 

symptoms over time.  

Hypothesizing a negative effect of physical frailty on depression outcome, we expect 

lower remission rates at follow-up and a worse course of depressive symptoms over 

time among those who are physically frail.  

 

MMeetthhooddss 

Study participants came from the NESDO (Comijs et al., 2011), an ongoing cohort 

study aimed at examining the long-term course and consequences of depressive and 

anxiety disorders in older persons (aged ≥ 60 years). Recruitment of depressed older 

persons took place in five regions in The Netherlands from both mental health 

institutes (in- and outpatients) and from primary care in order to include persons 

with late-life depression in various developmental and severity stages. The NESDO 

study has included a total of 378 depressed subjects (age range: 60 through 93 years) 

who suffered from a current DSM-IV diagnosis of major depressive disorder (95%), 

dysthymia (26.5%), or minor depression (5.6%), of which 26.5% have two types of 
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depressive disorders. Persons with a primary diagnosis of dementia, a Mini Mental 

State Examination-score (MMSE) under 18 or an organic or psychotic disorder were 

excluded, since the course of these persons will be largely determined by the 

primary disorder. Insufficient mastery of the Dutch language was another exclusion 

criterion. All participants were competent to consent to participation and all gave 

written informed consent. The ethical review boards of the participating institutes 

approved of this study. More detailed information about the NESDO is described 

elsewhere (Comijs et al., 2011; Comijs et al., 2015). 

Data collection included an examination at one of the participating clinics or at the 

homes of the participants, including a structured diagnostic interview, physical tests 

(such as blood pressure and gait speed), and paper and pencil questionnaires. These 

assessments were conducted at baseline as well as after two years follow-up (Comijs 

et al., 2015). The course of late-life depression was followed up every six months by 

means of a postal assessment (five questionnaires were sent during the two years 

follow-up), including questionnaires on the severity of depressive symptoms and 

physical health in the past six months.  

Because 93/378 (24.6%) dropped out before the two-year follow-up assessment, 

this study consisted of 285 eligible participants. Persons that were lost to follow-up 

had lower cognitive functioning (MMSE score 27.2 versus 27.9, p=.014) and more 

frailty characteristics (2.2 versus 1.7, p=.002) than the persons that did participate 

in the two-year follow-up. No baseline differences with regard to age, gender, 

educational level, severity of depression, number of diseases and use of 

antidepressants were found between persons that participated in follow-up and 

persons that did not participate in follow-up.  

 

Measures 

Depression - The Composite International Diagnostic Interview (CIDI), version 2.1 

was used in order to determine the presence of depression at baseline, as well as at 
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two years follow-up (WHO,  1997. The CIDI is a structured interview that assesses 

psychiatric disorders in adults according to the criteria of Diagnostic and Statistical 

Manual of Mental Disorders, Fourth Edition (DSM-IV). To determine the research 

DSM-IV diagnosis of current minor depression, questions were added to the CIDI, as 

in the Netherlands Study of Depression and Anxiety (NESDA) (Penninx et al., 2008). 

Non-remission at two-year follow-up was defined as neither major depression or 

dysthymia in the past six months, nor minor depression in the past month.  

Severity of depression was measured by the well-validated 30-item self-rating 

Inventory of Depressive Symptoms 30 item version (IDS) (Rush et al., 1986). In the 

IDS, items are scored on a four-point scale, with each item equally weighted and 

summed up to a total score. IDS scores range from 0-84 points, with  higher scores 

indicating more severe depression. In older persons, the IDS has three subscales, 

reflecting a mood-, motivation-, and somatic dimension of depression (Hegeman et 

al., 2012). 

 

Frailty - Physical frailty was operationalized by the following five criteria of Fried et 

al.(Fried et al., 2001):   

• A six-meter walking test was used to assess slowness. For men ≤173 centimetres 

(cm) tall the cut off time was 9 seconds, for men >173 cm the cut off time was 8 

seconds. The cut off time for this criterion for women with a height of ≤159 cm 

was 9 seconds, for women >159 cm the cut off time was 8 seconds (extrapolated 

from the data of Fried and colleagues) (Fried et al., 2001).  

•  The self-administered version of the International Physical Activities 

Questionnaire (IPAQ) (Craig et al., 2003), was used to collect physical activity 

data over the last seven days. Low physical activity level was defined as no daily 
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activities such as walking and gardening, or the performance of sports less than 

once weekly. 

• The CIDI question about unwanted weight loss was used to determine the loss 

of a minimum of one kilogram a week, during two or more consecutive weeks. 

Body Mass Index (BMI) was defined as weight in kilograms divided by height in 

meters squared. With a BMI of <18.5 kg/ m² weight loss was also considered to 

be present. The presence of unintentional weight loss or low body mass index 

was used for the weight loss criterion.  

• Two questions from the IDS (Rush et al., 1986), about energy level and leaden 

paralysis/physical energy were used to determine exhaustion. Participants 

confirming the presence of low energy level or leaden paralysis by answering 

positive on one or both of these two questions were categorized as exhausted. 

• A handgrip dynamometer was used to assess muscle weakness. Participants 

were asked to perform two squeezes with the dynamometer, using the 

dominant hand. The best performance, recorded as strength in kilograms, was 

used for analysis. Cut off scores were stratified by gender and BMI quartiles 

according to Fried (Fried et al., 2001). Participants unable to perform the test 

were also considered weak.  

To be consistent with the frailty literature, we used the number of criteria present 

(range 0 – 5) as the primary variable of interest. For clinical interpretation, a frailty 

score of 0 is considered robust; a score of 1 or 2 is considered prefrail whereas a 

score of 3 or more is considered physical frail. Since we previously showed that 

physical frailty in late-life depression may not be unidimensional (Arts et al., 2015), 

we also examined the impact of performance-based physical frailty (based on 

slowness, weakness, low physical activity) and vitality based physical frailty (based 
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on exhaustion and weight loss), as well as the impact of the individual components 

of frailty. 

 

Covariates 

Demographics - Demographic data were collected during the baseline assessment 

(age, gender, and educational level). Global cognitive functioning was assessed by 

the MMSE (Folstein et al., 1975). MMSE score (range 0-30) will be used as a 

continuous variable, with higher scores indicating better cognitive functioning 

(Saunders et al., 1993).  

 

Multimorbidity - Multimorbidity was assessed using a self-report questionnaire 

about the presence of somatic diseases (lung disease, cardiovascular disease, 

diabetes, arthritis, rheumatism, cancer, ulcer, intestinal disorder, liver disease, 

epilepsy, allergy, thyroid gland disease and (head) injury), as originally developed by 

Statistics Netherlands (Centraal Bureau voor de Statistiek, www.cbs.nl). This 

questionnaire has high accuracy for chronic somatic disease as previously reported 

(Kriegsman et al., 1996). Multimorbidity was considered present when >1 somatic 

disease was reported. 

 

Health indicators - Health indicators included smoking status, use of alcohol and the 

number of somatic diseases present. Smoking status was divided into two 

categories: non-smoker and current smoker. The Alcohol Use Disorder Identification 

Test (AUDIT) is designed to detect hazardous and harmful alcohol consumption 

(Saunders et al., 1993). AUDIT score was used as a continuous score (range 0-40).  

 

Antidepressants - Antidepressant use was determined by inspection of the 

medication containers and classified according to the Anatomical Therapeutic 

Chemical (ATC) classification (WHO, 2010). The use of either selective serotonin 
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reuptake inhibitors (SSRIs; ATC code: N06AB), or tricyclic antidepressants (TCAs; ATC 

code: N06AA), or other antidepressants were dichotomized into yes/no.    

  

Statistical analyses -  Baseline demographics and clinical characteristics of the 

depressed participants were compared using one-way ANOVA’s for continuous 

variables and ² tests for categorical variables.   

Logistic regression analyses were used to assess whether the different frailty 

indicators at baseline (predictor) were associated with non-remission of depression 

during follow-up (dependent variable). The frailty sum score analyses (range 0 -5) 

were considered the primary analyses. All analyses were performed unadjusted, and 

subsequently adjusted for socio-demographics (age, gender, education), health 

indicators (MMSE score, smoking status, alcohol use and number of somatic 

diseases) and use of antidepressants. Multi-collinearity of variables included in the 

final model was tested with correlation matrices. Only between frailty and baseline 

severity of depression (IDS score) borderline collinearity was detected (correlation: 

0.48). No correction for baseline severity of depression was made to avoid 

overcorrection. 

Fully adjusted linear mixed models were used to examine the association between 

frailty (predictor) and severity of depression (IDS total score) during five time points 

(dependent variable). These analyses were repeated with the three IDS subscale 

scores (Hegeman et al., 2012). Frailty and all covariates were entered as fixed 

factors. Subjects were treated as random factors. The interaction term frailty by time 

was added to the final model to assess whether the course of depression differed 

according to the level of frailty.  

When estimated mean scores of depression severity and depressive subscales were 

calculated, frailty was used as a nominal variable with three categories (robust, 

prefrail and frail) for graphical purposes. In all other analyses the frailty sum score 
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was used as a continuous variable (primary variable) as well as the two frailty 

dimensions (post-hoc analyses). 

All p-values were tested two-tailed and p values ≤.05 were considered statistically 

significant. Data were analysed using Statistical Package of the Social Sciences (SPSS), 

version 20.0.  

 

RReessuullttss  

The mean age of the participants was 70.7 (SD=7.4) years and 66.1% was female. 

One participant had more than two missing items on the frailty count and was 

therefore considered missing. Five participants had missing data on one of the 

covariates and were removed from the analytical sample (n=280). Baseline 

characteristics of the remaining 280 participants are shown in table 1. Group 

differences between the frail, prefrail and robust groups were found with respect to 

age, cognitive functioning, alcohol use, presence of multimorbidity, severity of 

depression and presence of all five separate frailty components.  

 
TTaabbllee  11 Sample characteristics of depressed patients at baseline (N=280) 

 

CChhaarraacctteerriissttiiccss  FFrraaiill  
((NN==7744,,  
2266..44%%))  

PPrreeffrraaiill  
((NN==115577,,  
5566..11%%))  

RRoobbuusstt  
((NN==4499,,  
1177..55%%))  

PP  
VVaalluueeaa  

PPoosstt--hhoocc  
aannaallyyssiiss  
((pp≤≤..0055))bb  

• Age, mean (SD), y  73.4 (8.1) 69.6 (6.8) 69.0 (6.9) <.001 1>2, 1>3 
• Female gender, % 73.0 61.8 65.3 .249  
• Education, mean (SD), years  9.9 (3.1) 10.8 (3.6) 11.0(3.4) .131  
• MMSE score, mean (SD) 27.4 (2.1) 28.0 (1.7) 28.1 (1.5) .016 1<2 
• Smoker, % 20.3 28.0 18.4 .250  
• Alcohol use, mean AUDIT 

score (SD) 
1.8 (2.8) 2.6 (3.1) 4.0 (5.0) .002 1<3, 2<3 

• Multimorbidity, % 56.8 42.0 32.7 .022 1>2, 1>3 
• IDS score, mean (SD) 37.5 (12.4) 29.5 (11.8) 19.3 (7.5) <.001 1>2, 1>3, 2>3 
• Antidepressant use    .195  
• TCA, % 17.6 19.1 14.3   
• SSRI, % 31.1 24.8 16.3   
• Other, % 32.4 26.8 28.6   
• None, % 18.9 29.2 40.8   
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Abbreviations: IDS, Inventory of Depressive Symptomatology; MMSE, Mini Mental State 
Examination; WHODAS, WHO-Disability Assessment Schedule; TCA, tricyclic antidepressant; 
SSRI, selective serotonin reuptake inhibitor. 
a Overall group differences. Comparison using ANOVA (continuous variables) and ² statistics 
(categorical variables).  
b Groups in post-hoc analysis noted as: 1= frail group, 2= prefrail group, 3= robust group. 
 

Depression diagnosis after two years - A total of 141/280 participants achieved a full 

remission at the two-year follow-up. Of the 137 non-remitted patients at two-year 

follow-up, 43.8% suffered from double depression (major depression and 

dysthymia), 39.4% from major depressive disorder, 8.8% from dysthymic disorder, 

and 8.0% from minor depressive disorder.  

Frail depressed patients achieved 2-year remission significantly less often compared 

to their prefrail and robust counterparts (55.4% versus 51.6% versus 30.6%, ²=8.3, 

df=2, p=.016). Adjusted for covariates, the odds ratio (OR) for non-remission was 

1.24 [95% CI: 1.01-1.51] per additional frailty component (p=.041, see table 2). The 

performance-based dimension of frailty was associated with non-remission of 

depression (OR [95%CI] 1.40 [1.07, 1.85], p=.015). The vitality-based dimension of 

frailty was negatively associated with non-remission of depression (OR[95%CI] 0.63 

(0.49, 0.82), p=.001).  

With regard to the five frailty components, only exhaustion and low physical activity 

level at baseline were significantly associated with depression diagnosis after two 

years.  

 

CChhaarraacctteerriissttiiccss  FFrraaiill  
((NN==7744,,  
2266..44%%))  

PPrreeffrraaiill  
((NN==115577,,  
5566..11%%))  

RRoobbuusstt  
((NN==4499,,  
1177..55%%))  

PP  
VVaalluueeaa  

PPoosstt--hhoocc  
aannaallyyssiiss  
((pp≤≤..0055))bb  

Frailty components         
• Weight loss, % 56.8 34.4 0  <.001 1>2, 1>3, 2>3  
• Weakness, % 64.9 8.2 0  <.001 1>2, 1>3, 2>3  
• Slowness, % 
• Exhaustion, % 

57.5 
91.9 

15.9 
54.1 

0 
0 

<.001 
<.001 

1>2, 1>3, 2>3 
1>2, 1>3, 2>3 

• Low physical activity level, % 74.3 32.0 0 <.001 1>2, 1>3, 2>3 
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TTaabbllee  22  Logistic Regression Analysis of the Association Between Frailty and 
Depression Diagnosis After Two Years of Follow-up 

CChhaarraacctteerriissttiiccss  ((NN==  228800))  OORR  ((9955%%  CCII))  PP  VVaalluuee  
Frailty (number of components):   
• Unadjusted 1.23 (1.02, 1.49) .028 
• Adjusteda 1.24 (1.01, 1.52) .040 
Frailty (three categories)a   
• Frailty  2.66 (1.17, 6.02) .019 
• Prefrailty 2.36 (1.16, 4.80) .017 
• Robust Reference  
Frailty dimensionsa   
• Performance-based  1.40 (1.07, 1.85) .016 
• Vitality-based 0.63 (0.49, 0.82) .001 
Individual frailty componentsa:   
• Weight loss 0.73 (0.44, 1.23) .239 
• Weakness 1.10 (0.61, 1.99) .762 
• Slowness 1.61 (0.86, 3.03) .137 
• Exhaustion 1.97 (1.19, 3.26) .008 
• Low physical activity level 1.84 (1.10, 3.06)  .020 

a Adjusted for age, gender, level of education, Mini Mental State Examination score, 
smoking status, alcohol use, multimorbidity and use of antidepressants. 
 

Chronicity of depressive symptoms - The severity of frailty at baseline was associated 

with higher depressive symptom scores over the whole follow-up period, also after 

adjusting for socio-demographics and health indicators simultaneously (table 3). 

When subscales of the IDS were analyzed (mood, motivation and somatic subscale), 

frailty was associated with higher severity over the two-year follow-up on all three 

subscales (table 3). Repeating the analyses with the two frailty dimensions, showed 

that performance-based physical frailty revealed significant results in the same 

direction of the overall frailty measures.  
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Table 3 Linear Mixed Model Analysis of the Longitudinal Association Between 
Number of Frailty Components and Depressive Symptomsa, and Depressive 
Symptoms Subscalesa  

CChhaarraacctteerriissttiiccss  
((NN==228800))  

DDeepprreessssiivvee  
SSyymmppttoommss  

MMoooodd  SSuubbssccaallee  MMoottiivvaattiioonn  
SSuubbssccaallee  

SSoommaattiicc  
SSuubbssccaallee  

  ββ  ((SSEE))  PP  
VVaalluuee  

ββ  ((SSEE))  PP  
VVaalluuee  

ββ  ((SSEE))  PP  
VVaalluuee  

ββ  ((SSEE))  PP  
VVaalluuee  

Frailty         
• Unadjusted 3.51 

(0.48) 
<.001 1.10 

(0.19) 
<.001 0.61 

(0.11) 
<.001 1.09 

(0.16) 
<.001 

 
• Adjustedb 3.34 

(0.51) 
<.001 1.13 

(0.20) 
<.001 0.63 

(0.11) 
<.001 0.96 

(0.16) 
<.001 

Frailty dimensionsb         
• Performance-

basedb 
3.57 

(0.69) 
<.001 1.23 

(0.27) 
<.001 0.65 

(0.15) 
<.001 1.08 

(0.22) 
<.001 

• Vitality-basedb -2.04 
(0.65) 

.002 -0.78 
(0.25) 

.003 -0.61 
(0.14) 

<.001 -0.19 
(0.21) 

.361 

a Measured every six months during two years (five time points).  
b Adjusted for age, gender, level of education, Mini Mental State Examination score, smoking 
status, alcohol use, multimorbidity and use of antidepressants. 
 

A significant interaction effect of frailty with time was found (p<.001), implying that 

the course of depressive symptoms differs according to frailty status at baseline. 

Figure 1 presents the course of depressive symptoms graphically for robust (score 

0), prefrail (score 1 or 2) and frail (score ≥3) depressed older persons. Figure 1A 

shows that robust persons have rather consistent depressive symptom levels over 

time, in contrast to prefrail and frail depressed persons who show persistent 

elevated levels of depressive symptoms despite higher symptom reduction over two 

years.  

 

Mood symptoms of depression reduced equally over the two-year follow-up for all 

categories of frailty in depressed older persons (figure 1B, p-value of frailty by time 

interaction is .197). A higher level of frailty predicted more decline of motivational 

and somatic symptoms of depression (figures 1C and 1D, p-values of frailty by time 

interaction are <.001 and .300, respectively). 
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FFiigguurree  11  Course of estimated mean scores of depressive symptoms (A) and depressive 
symptoms subscales: mood (B), motivation (C) and somatic (D) over two years for 
robust (score 0), prefrail (score 1 or 2) and frail (score≥3) depressed older persons 
(N=280)a, b 

  

FFiigguurree  11  AA Course of depressive symptoms 

         
a Based on linear mixed model analyses adjusted for age, gender, level of education, Mini Mental State 
Examination score, smoking status, alcohol use, multimorbidity and use of antidepressants. 
b Interaction effect frailty*time: p=.001. 
Abbreviation: IDS, Inventory of Depressive Symptomatology 
 
FFiigguurree  11BB Course of depressive symptoms subscales: mood 

 
a Based on linear mixed model analyses adjusted for age, gender, level of education, Mini Mental State 
Examination score, smoking status, alcohol use, multimorbidity and use of antidepressants. 
b Interaction effect frailty*time: p=.197. 
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Motivation 
subscale 
scores 

FFiigguurree  11CC Course of depressive symptoms subscales: motivation 

 
a Based on linear mixed model analyses adjusted for age, gender, level of education, Mini Mental State 
Examination score, smoking status, alcohol use, multimorbidity and use of antidepressants. 
b Interaction effect frailty*time: p<.001. 

Figure 1D Course of depressive symptoms subscales: somatic

 
a Based on linear mixed model analyses adjusted for age, gender, level of education, Mini Mental State 
Examination score, smoking status, alcohol use, multimorbidity and use of antidepressants. 
b Interaction effect frailty*time: p=.003. 

Of the two frailty dimensions, only performance-based dimension of frailty 

predicted an adverse course of depressive symptoms over two years, and a non-

significant result for the vitality-based frailty dimension (data not shown).  
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DDiissccuussssiioonn 

Main findings- The present study, to our knowledge, is the first to examine the 

longitudinal association between physical frailty and the course of depression in a 

sample of clinically depressed older persons. Our results confirm that late-life 

depression is a highly persisting disorder with half of the patients not achieving 

remission at two-year follow-up. In line with our hypothesis, a higher level of physical 

frailty predicted non-remission of depression at two-year follow-up. Physical frailty 

was also associated with a higher level of depressive symptoms over time. In 

contrast to our hypothesis, a higher level of frailty predicted more decline in 

depression severity over time. This finding was driven by the motivational and 

somatic symptoms of depression, which may point to some overlap between both 

syndromes, as has been remarked before (Mezuk et al., 2013; Lohman et al., 2016).  

Of the individual frailty components, only the presence of exhaustion and a low 

physical activity level predicted non-remission of depression at two years. Since 

physical frailty might not be a uni-dimensional concept in a depressed population 

(Mezuk et al., 2013; Arts et al., 2015), we also examined the two frailty dimensions 

as identified previously in our population (Arts et al., 2015). Higher scores on the 

performance-based dimension of frailty predicted non-remission of depression, 

while opposite effects were found for the vitality-based dimension of frailty. This 

latter result puzzled us, but a possible explanation might be that the vitality-based 

dimension of frailty reflects a classic, uncomplicated clinical depression. This kind of 

depression may be more amendable by treatment than the type of depression that 

is complicated by underlying physical vulnerability as measured by the performance-

based dimension of frailty.  

The linear mixed models, however, showed that only the performance-based 

dimension of frailty predicted a different course of depressive symptoms over two 

years. This result is fully in line with the primary outcome on the main physical frailty 
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measure.  Collectively, these results further substantiate that in a depressed 

population frailty is best represented by the performance-based dimension of frailty.  

 

Comparison with literature - Our results are in line with findings from a recent 

literature review on the relation between frailty and depression, that finds that in all 

prospective studies, frailty is a predictor of (persistence of) depressive symptoms 

(Mezuk et al., 2012). However, previous studies mainly defined frailty as activities of 

daily living (ADL) indices or used a simplified proxy for frailty, such as gait speed. 

Results from that same review suggest a bidirectional relation between frailty and 

depression, which might imply a vicious frailty-depression circle. More recently, 

three longitudinal studies, not included in this review, showed that physical frailty 

was a predictor of incident depressive symptoms as well as a protracted course of 

depressive symptoms in community-dwelling older adults (Feng et al., 2014; Collard 

et al., 2015; Makizako et al., 2015). Our study extends these findings to a clinical 

population suffering from depressive disorder, emphasizing the importance of 

physical frailty for geriatric psychiatry.  

In our clinically depressed sample, physical frailty was associated with higher 

depressive symptom severity over the two-year follow-up. Interestingly, 

motivational and somatic symptoms of depression decline faster with increasing 

frailty, an effect not found with respect to the mood symptoms of depression. These 

findings may point to an aggravation of frailty-related motivational and somatic 

depressive symptoms at baseline as measured by the inventory of depressive 

symptoms (IDS). However, despite the faster decline of motivational and somatic 

symptoms over time, depressed patients with physical frailty still suffered from a 

higher level of motivational and somatic depressive symptoms at the two-year 

follow-up.  

In clinical practice, remaining symptoms will often be regarded as residual 

depressive symptoms that need further (intensifying of) psychiatric treatment. 
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However, our results suggest that these symptoms might also be accounted to 

frailty. If true, these symptoms may alert clinicians to the vulnerability of these 

patients, and warrant more aggressive treatment of depression in order to reduce 

risk of the adverse effects attributable to depression and frailty These results imply 

that assessment of physical frailty at the start of and during the treatment of the 

depression may guide treatment choices. Persons suffering from this type of frail-

depression might be eligible for integrated care, targeting both frailty and 

depression.  

Interventions on reducing frailty could be promising, because previous research 

shows that frailty is a reversible condition (Woods et al., 2005) that can be treated 

with assistance in daily living, vitamin D suppletion, protein enriched diet, and 

improving exercise frequency (Chang et al., 2010; Markle-Reid et al., 2011; Rolland 

et al., 2011; Theou et al., 2011; Singh et al., 2012;). Furthermore, polypharmacy is 

recognized as a major contributor to the pathogenesis of frailty, and evaluation of 

inappropriate medication use seems beneficial for frailty status, as well as health 

care costs (Morley et al., 2013). Growing evidence suggests the effectiveness of 

these interventions not only for frailty, but also for the treatment of depression 

(Penninx et al., 2013; Milaneschi et al., 2014). Since late-life depression and frailty 

frequently co-occur, these interventions may be particularly beneficial for the frail-

depressed subgroup (Mezuk et al., 2012; Penninx et al., 2013; Hanssen et al., 2014).  

Underlying mechanisms of the association between frailty and depression may 

include inflammatory processes, sarcopenia, and lifestyle factors such as smoking 

and lack of exercise, as these have all been associated with both frailty and 

depression (Cesari et al., 2004; Leng et al., 2007; Kim et al., 2011; Penninx et al., 

2013; Cesari et al., 2014). Since the analyses in this study were corrected for smoking 

and somatic comorbidity, a possible explanation for the chronic course of depression 

in the case of co-existing frailty could lie in the hampering effect of frailty-induced 

inflammation and sarcopenia on the recovery from late-life depression. Previous 
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studies have shown the negative effect of inflammation and sarcopenia on the 

course of depression (Kim et al., 2011; Penninx et al., 2013). 

 

Methodological considerations - This study has some important strengths. We 

prospectively examined whether frailty predicted a chronic course of depression. 

Furthermore, we included a sample of older persons with a DSM-IV confirmed 

depression diagnosis, contrary to previous studies that used self-report 

questionnaires as an indicator of depression status (Mezuk et al., 2013; Feng et al., 

2014; Collard et al., 2015; Makizako et al., 2015). In addition to the formal depression 

diagnosis, this study used a well-validated measure of severity of depressive 

symptoms (IDS) that included symptom profiles of depression, in order to perform 

in-depth analysis of the associations that were found between frailty and depression 

diagnosis after two years.  

A limitation of this study is the naturalistic aspect of the cohort, in which some  

differentiation was made between the types of treatment that depressed older 

persons received. It is not certain whether the treatment that persons received was 

the most appropriate treatment. Although the analyses were adjusted for 

antidepressant drug use, we cannot fully exclude the possibility that frail patients 

would have received a different kind of treatment that might have resulted in 

confounding by indication. This is an important topic for future research. Finally, 

those who dropped out had significantly higher frailty scores at baseline. This may 

have biased our results towards an underestimation of the association between 

frailty and depression at follow-up. The most important limitations, however, may 

be that we still cannot disentangle symptoms of frailty and symptoms depression 

definitively, as both constructs share overlapping diagnostic criteria and have been 

measured at the same time. Since the problem of overlapping criteria is especially 

relevant when applying a self-report depressive symptom severity scale, we did not 

adjust our analyses for baseline depression severity. In our sample, the frailty sum 
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score indeed significantly correlated with the IDS sum score (r=0.48, p<.001) which 

would inevitably lead to overcorrection. These limitations deserve more attention in 

clinical practice since attributing weight loss and exhaustion to frailty may result in 

opposite treatment choices than when the residual symptoms are attributed to 

depression. 

  

Clinical implications - In closing, our results clearly show that depression with 

comorbid frailty is less likely to resolve than depression unaccompanied by frailty. 

Taking previous studies into account, it seems that frailty and depression are 

intertwined and that frailty contributes to a chronic, more severely depressed 

subtype. Frailty and depression might thus stimulate each other’s occurrence, but 

once both are present, multiple interactive processes may arise, worsening the 

depression as well as the frailty status more and more (Barry et al., 2011; Mezuk et 

al., 2012; Mezuk et al., 2013). This indicates that frailty may be an important element 

in the treatment of late-life depression and that multi-facetted interventions are 

needed for this particularly vulnerable subgroup.  

 

 

    

193

7



 

RReeffeerreenncceess  

Alexopoulos GS, Meyers BS, Young RC, Kakuma T, Feder M, Einhorn A. Recovery in 

geriatric depression. Arch Gen Psychiatry 1996;53(4):305-312. 

 

Alexopoulos GS, Meyers BS, Young RC, Kalayam B, Kakuma T, Gabrielle M, Sirey JA, 

Hull J. Executive dysfunction and long-term outcomes of geriatric depression. Arch 

Gen Psychiatry 2000;57(3):285-290. 

 

Arts MH, Collard RM, Comijs HC, Naudé PJ, Risselada R, Naarding P, Oude Voshaar 

RC. Relationship Between Physical Frailty and Low-Grade Inflammation in Late-Life 

Depression. J Am Geriatr Soc 2015;63(8):1652-1657. 

 

Barry LC, Murphy TE, Gill TM. Depressive symptoms and functional transitions over 

time in older persons. Am J Geriatr Psychiatry 2011;19(9):783-791. 

 

Bartels SJ, Dums AR, Oxman TE, Schneider LS, Arean PA, Alexopoulos GS, Jeste DV. 

Evidence-based practices in geriatric mental health care. Psychiatr Serv 

2002;53(11):1419-1431. 

 

Beekman AT, Copeland JR, Prince MJ. Review of community prevalence of 

depression in later life. Br J Psychiatry 1999;174:307-311. 

 

Cesari M, Penninx B, Pahor M, Lauretani F, Corsi A, Rhys Williams G, Guralnik JM, 

Ferrucci L. Inflammatory markers and physical performance in older persons: the 

InCHIANTI study. J Gerontol A Biol Sci Med Sci 2004;59(3):242-248. 

 

Cesari M, Landi F, Vellas B, Bernabei R, Marzetti E. Sarcopenia and physical frailty: 

two sides of the same coin. Front Aging Neurosci 2014;6:192. 

194



 

Chang CI, Chan DC, Kuo KN, Hsiung CA, Chen CY. Vitamin D insufficiency and frailty 

syndrome in older adults living in a Northern Taiwan community.  Arch Gerontol 

Geriatr 2010;50(1):S17-21. 

 

Cole MG, Bellavance F, Mansour A. Prognosis of depression in elderly community 

and primary care populations: a systematic review and meta-analysis. The American 

Journal of Psychiatry 1999;156(8):1182-1189. 

 

Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in 

community-dwelling older persons: a systematic review. J Am Geriatr Soc 

2012;60(8):1487-1492. 

 

Collard RM, Comijs HC, Naarding P, Oude Voshaar RC. Physical frailty: vulnerability 

of patients suffering from late-life depression. Aging Ment Health 2014;18(5):570-

578. 

 

Collard RM, Comijs HC, Naarding P, Penninx BW, Milaneschi Y, Ferrucci L, Oude 

Voshaar RC. Frailty as a predictor of the incidence and course of depressed mood. J 

Am Med Dir Assoc 2015;16(6):509-514. 

 

Comijs HC, Van Marwijk HW, Van Der Mast RC, Naarding P, Oude Voshaar RC, 

Beekman AT, Boshuisen M, Dekker J, Kok R, de Waal MW, Penninx BW, Stek ML, Smit 

JH. The Netherlands study of depression in older persons (NESDO); a prospective 

cohort study. BMC Res Notes 2011;4(1):524. 

 

Comijs HC, Nieuwesteeg J, Kok R, van Marwijk HW, van der Mast RC, Naarding P, 

Oude Voshaar RC, Verhaak P, de Waal MW, Stek ML. The two-year course of late-life 

195

7



 

depression; results from the Netherlands study of depression in older persons.  BMC 

Psychiatry 2015;15:20. 

 

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, Pratt M, 

Ekelund U, Yngve A, Sallis JF, Oja P. International physical activity questionnaire: 12-

country reliability and validity. Med Sci Sports Exerc 2003;35(8):1381-1395. 

 

Feng L, Nyunt MS, Yap KB, Ng TP. Frailty predicts new and persistent depressive 

symptoms among community-dwelling older adults: findings from Singapore 

longitudinal aging study. J Am Med Dir Assoc 2014;15(1):76.e7-.e12. 

 

Folstein M, Folstein S, McHugh P. "Mini-mental state". A practical method for 

grading the cognitive state of patients for the clinician. J Psychiatr Res 

1975;12(3):189-198. 

 

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Seeman T, Tracy 

R, Kop WJ, Burke G, McBurnie MA; Cardiovascular Health Study Collaborative 

Research Group. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol 

Sci Med Sci 2001;56(3):M146-156. 

 

Hanssen DJ, Naarding P, Collard RM, Comijs HC, Oude Voshaar RC. Physical, lifestyle, 

psychological, and social determinants of pain intensity, pain disability, and the 

number of pain locations in depressed older adults. Pain 2014;155(10):2088-2096. 

 

Hegeman JM, Wardenaar KJ, Comijs HC, de Waal MW, Kok RM, van der Mast RC. The 

subscale structure of the Inventory of Depressive Symptomatology Self Report (IDS-

SR) in older persons. J Psychiatr Res 2012;46(10):1383-1388. 

 

196



 

Kim NH, Kim HS, Eun CR, Seo JA, Cho HJ, Kim SG, Choi KM, Baik SH, Choi DS, Park MH, 

Han C, Kim NH. Depression is associated with sarcopenia, not central obesity, in 

elderly korean men. J Am Geriatr Soc 2011;59(11):2062-2068. 

 

Kriegsman DM, Penninx BW, van Eijk JT, Boeke AJ, Deeg DJ. Self-reports and general 

practitioner information on the presence of chronic diseases in community dwelling 

elderly. A study on the accuracy of patients' self-reports and on determinants of 

inaccuracy. J Clin Epidemiol 1996;49(12):1407-1417. 

 

Lakey SL, LaCroix AZ, Gray SL, Borson S, Williams CD, Calhoun D, Goveas JS, Smoller 

JW, Ockene JK, Masaki KH, Coday M, Rosal MC, Woods NF. Antidepressant use, 

depressive symptoms, and incident frailty in women aged 65 and older from the 

Women's Health Initiative Observational Study. J Am Geriatr Soc 2012;60(5):854-

861. 

 

Leng SX, Xue QL, Tian J, Walston JD, Fried LP. Inflammation and frailty in older 

women. J Am Geriatr Soc 2007;55(6):864-871. 

 

Lohman M, Dumenci L, Mezuk B. Depression and Frailty in Late Life: Evidence for a 

Common Vulnerability. J Gerontol B Psychol Sci Soc Sci 2016;71(4):630-640. 

 

Luppa M, Sikorski C, Luck T, Ehreke L, Konnopka A, Wiese B, Weyerer S, König HH, 

Riedel-Heller SG. Age- and gender-specific prevalence of depression in latest-life--

systematic review and meta-analysis. J Affect Disord 2012;136(3):212-221. 

 

Makizako H, Shimada H, Doi T, Yoshida D, Anan Y, Tsutsumimoto K, Uemura K, Liu-

Ambrose T, Park H, Lee S, Suzuki T. Physical Frailty Predicts Incident Depressive 

197

7



 

Symptoms in Elderly People: Prospective Findings From the Obu Study of Health 

Promotion for the Elderly. J Am Med Dir Assoc 2015;16(3):194-199. 

 

Markle-Reid M, Browne G, Gafni A. Nurse-led health promotion interventions 

improve quality of life in frail older. J Eval Clin Pract 2011;19(1):118-131. 

 

Mathers CD, Loncar D. Projections of global mortality and burden of disease from 

2002 to 2030. PLoS Med 2006;3(11):e442. 

 

Mezuk B, Edwards L, Lohman M, Choi M, Lapane K. Depression and frailty in later 

life: a synthetic review. Int J Geriatr Psychiatry 2012;27(9):879-892. 

 

Mezuk B, Lohman M, Dumenci L, Lapane KL. Are depression and frailty overlapping 

syndromes in mid- and late-life? A latent variable analysis. Am J Geriatr Psychiatry 

2013;21(6):560-569. 

 

Milaneschi Y, Hoogendijk W, Lips P, Heijboer AC, Schoevers R, van Hemert AM, 

Beekman AT, Smit JH, Penninx BW. The association between low vitamin D and 

depressive disorders. Mol Psychiatry 2014;19(4):444-451. 

 

Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, Bernabei R, Cesari M, Chumlea 

WC, Doehner W, Evans J, Fried LP, Guralnik JM, Katz PR, Malmstrom TK, McCarter 

RJ, Gutierrez Robledo LM, Rockwood K, von Haehling S, Vandewoude MF, Walston 

J. Frailty consensus: a call to action. J Am Med Dir Assoc 2013;14(6):392-397. 

 

Penninx BW, Beekman AT, Smit JH, Zitman FG, Nolen WA, Spinhoven P, Cuijpers P, 

De Jong PJ, Van Marwijk HW, Assendelft WJ, Van Der Meer K, Verhaak P, Wensing 

M, De Graaf R, Hoogendijk WJ, Ormel J, Van Dyck R; NESDA Research Consortium. 

198



 

The Netherlands Study of Depression and Anxiety (NESDA): rationale, objectives and 

methods. Int J Methods Psychiatr Res 2008;17(3):121-140. 

 

Penninx BW, Milaneschi Y, Lamers F, Vogelzangs N. Understanding the somatic 

consequences of depression: biological mechanisms and the role of depression 

symptom profile. BMC Med 2013;11:129. 

 

Rolland Y, Dupuy C, Abellan van Kan G, Gillette S, Vellas B. Treatment strategies for 

sarcopenia and frailty. Med Clin North Am 2011;95(3):427-38. 

 

Rush AJ, Giles DE, Schlesser MA, Fulton CL, Weissenburger J, Burns C. The Inventory 

for Depressive Symptomatology (IDS): preliminary findings. Psychiatry Res 

1986;18(1):65-87. 

 

Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Development of the 

Alcohol Use Disorders Identification Test (AUDIT): WHO Collaborative Project on 

Early Detection of Persons with Harmful Alcohol Consumption--II. Addiction 

1993;88(6):791-804. 

 

Singh NA, Quine S, Clemson LM, Williams EJ, Williamson DA, Stavrinos TM, Grady JN, 

Perry TJ, Lloyd BD, Smith EU, Singh MA.. Effects of high-intensity progressive 

resistance training and targeted. J Am Med Dir Assoc 2012;13(1):24-30. 

 

Theou O, Stathokostas L, Roland KP, Jakobi JM, Patterson C, Vandervoort AA, Jones 

GR. The effectiveness of exercise interventions for the management of frailty: a 

systematic review. J Aging Res 2011;2011:569194. 

 

199

7



 

Woods NF, LaCroix AZ, Gray SL, Aragaki A, Cochrane BB, Brunner RL, Masaki K, 

Murray A, Newman AB; Women's Health Initiative. Frailty: emergence and 

consequences in women aged 65 and older in the Women's Health Initiative 

Observational Study. J Am Geriatr Soc 2005;53(8):1321-1330. 

 

World Health Organization Collaborating Centre for Drug Statistics Methodology. 

Anatomical Therapeutical Chemical (ATC) Classification. 2010. Available at: 

ttp://www.whocc.no/atc_ddd_index. 

 

World Health Organization. Composite International Diagnostic Interview. Version 

2.1. Geneva: WHO 1997. 

  

200





 

202


	Chapter 7



