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ABSTRACT
Objective: Frailty is a clinical phenotype that predicts negative health 
outcomes, including mortality, and is increasingly used for risk stratification 
in geriatric medicine. Similar to frailty, late-life depression is also associated 
with increased mortality rates. Therefore, we examined whether frailty and 
frailty-related biomarkers predict mortality among depressed older patients.

Methods: In our study of 378 older patients aged ≥ 60 years with a 
depressive disorder (DSM-IV criteria), we examined whether frailty predicts 
time-to-death during a 6-year follow-up using Cox proportional hazard 
regression analyses adjusted for confounders. Baseline data were collected 
from 2007 to September 2010. Frailty was defined according to the Fried 
Frailty Phenotype criteria (muscle weakness, slowness, exhaustion, low 
activity level, unintended weight loss). Similarly, we examined the predictive 
value of 3 inflammatory markers, vitamin D level, and leukocyte telomere 
length and whether these effects were independent of the frailty phenotype.

Results: During follow-up, 27 (26.2%) of 103 frail depressed patients died 
compared with 35 (12.7%) of 275 non-frail depressed patients (P < .001). 
Adjusted for confounders, the number of frailty components was associated 
with an increased mortality rate (hazard ratio = 1.38 [95% CI, 1.06–1.78], 
P = .015). All biomarkers except for interleukin 6 were prospectively 
associated with mortality, but only higher levels of high-sensitivity C-reactive 
protein and lower levels of vitamin D were independent of frailty associated 
with mortality.

Conclusions: In late-life depression, frailty identifies older patients at 
increased risk of adverse negative health outcomes. Therefore, among 
frail depressed patients, treatment models that include frailty-specific 
interventions might reduce mortality rates.
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Depressive disorder is increasingly recognized 
as a disorder of accelerated aging based on 

its association with many physiologic and cellular 
markers of aging.1 In line with this theory, meta-
analyses2,3 have shown that depression is associated 
with excess mortality that cannot be explained by 
suicide. A reassessment3 of 293 studies included in 
15 systematic reviews, however, found evidence for 
pronounced publication bias in favor of positive 
findings, bias due to preselection on medical 
conditions, and insufficient control for confounders, 
especially comorbidity and lifestyle. Furthermore, 
most studies in these reviews had assessed 
depression with depressive symptom severity scales 
instead of formal diagnostic criteria of the DSM or 
ICD.3 Self-report depressive symptom scales may 
be falsely inflated by the presence of comorbid 
chronic somatic diseases4 and thereby confound 
the association between depression and mortality. 
The 4 studies that had assessed depressive disorders 
according to DSM criteria yielded a pooled hazard 
ratio (HR) of 1.2 (95% CI, 0.8–1.6) for mortality, 
which was no longer statistically significant.3 
More well-controlled studies of excess mortality in 
depressed patients according to DSM criteria are 
needed to explore which characteristics may explain 
the potential relationship between depression and 
mortality.

Frailty is characterized by cumulative declines 
in multiple physiologic systems, accompanied by 
an increased vulnerability to stressors.5 In geriatric 
medicine, frailty is increasingly used for risk 
stratification to identify patients at increased risk 
of adverse health outcomes, including mortality, 
and to deliver patient-centered care.6 Frailty might 
be a pathway that may explain excess mortality in 
depression. In a population-based cohort study7 of 
men aged 75 years and older, the crude mortality 
hazard ratio of 4.3 for a DSM-IV–defined depressive 
disorder dropped to 1.8 after additional correction 
for frailty. The other way around, the prospective 
association of frailty with mortality differs 
between disease clusters and seems smallest for 
patients with neuropsychiatric disorders.8 To our 
knowledge, prospective association between frailty 
and mortality has never been examined in clinically 
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depressed patients, which is relevant as frailty and depression 
have a complex relationship. Firstly, depression and frailty 
share many risk factors and consequences.9 Secondly, at a 
population level, frailty and depression often identify the same 
subgroup of persons, especially older persons with high levels 
of depressive symptoms.9 Thirdly, many operationalizations 
of the frailty concept include criteria that may overlap with 
a depressive disorder, like psychomotor retardation, fatigue, 
weight loss, and feelings of exhaustion. A meta-analysis10 
estimated that 40.4% of depressed older persons are frail 
and that 38.6% of frail persons are depressed. Furthermore, 
longitudinal studies showing a bidirectional association 
between depression and frailty are scarse.10 Nonetheless, only 
4 studies in this meta-analysis assessed depression according 
to formal diagnostic criteria. In the Netherlands Study of 
Depression in Older persons (NESDO),11 we showed that 
only 27.2% of the patients suffering from a DSM-IV–defined 
depressive disorder were physically frail.

Many aging-related biomarkers are associated with both 
frailty and depressive disorder. Whether these biomarkers 
represent common pathophysiology or mediate the 
prospective association from frailty to depression (or vice 
versa) needs further study. In NESDO, we did not find 
consistent associations between late-life depression and 
low-grade inflammatory markers12 or leukocyte telomere 
length (LTL),13 whereas we found that lower vitamin D levels 
were only cross-sectionally but not prospectively associated 
with late-life depression.14,15 Consistent with the literature 
on frailty, we also found that physical frailty was associated 
with low-grade inflammation,16 a shorter LTL,17 and lower 
vitamin D levels.18 Collectively, these NESDO results may 
point to frailty as a moderating factor to adverse outcomes 
like death among depressed older adults.

To our knowledge, only 1 study19 has examined whether 
frailty predicts mortality in psychiatric patients. In that 
study of a mixed group of 120 older psychiatric inpatients, 
among which 41 were depressed patients, frailty predicted 
mortality within 5 years. This effect was independent of 
chronological age, somatic disease burden, functional 
status, and neuropsychiatric symptoms.19 The present study, 
embedded in NESDO, examines the prospective association 
of the physical frailty phenotype and associated biomarkers 
with mortality in 378 clinically depressed older patients. We 
hypothesize that physical frailty as well as physiologic and 

Clinical Points
 ■ Physical frailty is increasingly recognized as an important 

concept for risk stratification in somatic medicine, but 
largely neglected in mental health care.

 ■ Frailty is associated with increased mortality rates in 
depressed patients, independent of somatic comorbidity 
and lifestyle.

 ■ The pathophysiology of frailty may guide development of 
treatment strategies to lower excess mortality associated 
with psychiatric disorders. 

cellular biomarkers of aging are prospectively associated 
with the 6-year mortality rate.

METHODS

Study Population
The present NESDO-embedded study included 378 

depressed subjects aged ≥ 60 years who meet the criteria 
for a DSM-IV depressive disorder using the Composite 
International Diagnostic Interview (CIDI)20 version 
2.1. Of these 378 patients, 95% had a major depressive 
disorder diagnosis within the previous 6 months, 26.5% 
a dysthymia diagnosis within the previous 6 months, and 
5.6% a minor depression diagnosis within the previous 
month (numbers do not add up to 100% as 26.5% had 2 
depressive disorders). Exclusion criteria were an established 
or suspected diagnosis of a neurocognitive disorder, a Mini-
Mental State Examination (MMSE)21 score < 18, a history of 
a psychotic disorder, and insufficient mastery of the Dutch 
language. Since a severe depressive disorder may interfere 
with cognitive testing, we accepted an MMSE score as low 
as 18 in case the patient was neither diagnosed with nor 
suspected to have an underlying neurocognitive disorder.

The overall aim of NESDO is to examine the course 
and consequences of depressive disorders in older persons. 
All participants underwent a baseline examination at 1 of 
the 5 research locations or at their homes. This baseline 
examination included a structured psychiatric diagnostic 
interview (CIDI 2.1),20 cognitive testing, physical 
examination, blood collection, and several observer-rated 
and self-report questionnaires. Baseline data collection 
started in 2007 and was finished in September 2010. This 
assessment was repeated at 2-year and 6-year follow-up for 
all baseline characteristics amenable to change. In between, 
every 6 months, up to 6 years, postal questionnaires were 
sent to monitor depressive symptom severity (among other 
measures). Reasons for dropout (including mortality) were 
explored and registered at 6-month intervals parallel to 
postal questionnaires and site vistis.22

The ethical review boards of all participating study centers 
approved the NESDO-study protocol, and all participants 
provided written informed consent.20,22

Physical Frailty Phenotype
The physical frailty phenotype was assessed according 

to the Fried Frailty Phenotype criteria,11,23 also known as 
the Fried Frailty Index (FFI), and patients were classified as 
frail when at least 3 of the 5 criteria were present, including 
weight loss, weakness, exhaustion, slowness, and low physical 
activity.

Weakness was defined as the maximum handgrip 
strength (as measured by 2 squeezes of the dominant hand 
on a hand grip dynamometer) below a cutoff stratified by sex 
and body mass index (BMI). Slowness was defined as a time 
≥ 8 seconds for men ≥ 173 cm tall or women ≥ 159 cm tall, 
or ≥ 9 seconds for men < 173 cm tall or women < 159 cm tall, 
on a 6-meter walking test. Exhaustion was defined as scoring 
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positive (with a score of 2 or 3) on 1 of the 2 items regarding 
energy level and exhaustion of the Center for Epidemiologic 
Studies Depression (CES-D) scale.24 Low physical activity 
was defined as doing no daily activities, such as walking or 
gardening, and the performance of sports less than once a 
week, as assessed with the International Physical Activity 
Questionnaire.25 Finally, unintended weight loss was defined 
as a positive answer to the CIDI question about unintended 
weight loss (≥ 1 kg/wk for ≥ 2 consecutive weeks) or a BMI 
< 18.5 kg/m2.

Aging and Frailty Biomarkers
Fasting blood samples were obtained at baseline in the 

morning around 8 am and kept at −80 °C for subsequent 
analyses of biomarkers. On the basis of availability in the 
NESDO study, we have chosen to explore the following 
biomarkers:

Low-grade inflammation: We assessed plasma levels 
of C-reactive protein (CRP), interleukin 6 (IL-6), and 
neutrophil gelatinase-associated lipocalin (lipocalin-2 or 
NGAL). High-sensitivity plasma levels of CRP (hsCRP) 
were measured in duplicate by an immunoturbidimetric 
assay (Tina-quant CRP–HS, Roche Diagnostics). Intra- 
and interassay coefficients of variation were 2% and 2%, 
respectively. Plasma IL-6 levels were measured in duplicate 
by a high-sensitivity enzyme-linked immunosorbent assay 
(ELISA) kit (PeliKine Compact ELISA, Sanquin). Intra- 
and interassay coefficients of variation were 8% and 12%, 
respectively. Finally, the plasma lipocalin-2 levels (ng/mL) 
were measured in duplicate using a lipocalin 2/NGAL ELISA 
kit (R&D Systems).26 The intra- and interassay coefficients 
of variation were 2% and 5%, respectively. Lipocalin-2 is a 
25-kDa protein of the lipocalin superfamily and a critical 
component of innate immunity to bacterial infection. It has 
recently been identified as a neuroinflammatory marker in 
depressed or cognitively impaired patients.26 Lipocalin-2 
expression is triggered by TNF receptor 1 signaling and is 
able to induce a proapoptotic signaling cascade by attenuating 
Akt phosphorylation of the protein kinase B (Akt) pathway.

Vitamin D: Serum 25-hydroxy vitamin D levels were 
measured at baseline using isotope dilution–online solid-
phase extraction liquid chromatography–tandem mass 
spectrometry, as described previously.14

Leukocyte telomere length (LTL): LTL was determined 
by Telomere Diagnostics. Quantitative polymerase chain 
reaction was used to compare the telomere sequence 
copy number (T) in each patient’s sample to a single-copy 
gene copy number (S), relative to a reference sample. The 
intraassay coefficient of variation (CV) was 5.1%, and 
the interassay CV was 4.6%. The resulting T/S ratio was 
proportional to mean telomere length. The T/S ratio was 
converted to base pairs (bp) by the following formula: 
bp = 3274 + 2413 × ([T/S – 0.0545]/1.16).27

Covariates
For covariates, we included the most important 

determinants of mortality, ie, sociodemographic data 

(age, sex, years of education, partner status), lifestyle 
characteristics, somatic disease burden, and depressive 
symptom severity at baseline.

Lifestyle characteristics included smoking (yes/no), 
number of alcoholic drinks per day based on the Alcohol Use 
Disorder Identification Test,28 physical activity in metabolic-
equivalent-of-task–minutes based on the International 
Physical Activity Questionnaire,25 and body mass index 
(BMI) in kg/m2.

The somatic disease burden was quantified as the 
number of chronic somatic diseases under treatment and 
the number of prescribed medications. The total number 
of self-reported chronic diseases was determined by 
well-validated algorithms29 and included lung disease, 
cardiovascular disease, diabetes, osteoarthritis or rheumatic 
disease, cancer, ulcer, intestinal problems, liver disease, 
epilepsy, and thyroid gland disease. To calculate the 
number of medications, all drugs with a unique Anatomic 
Therapeutical Chemical (ATC) Classification System code 
at a 3-digit level were counted. Dermatologic preparations, 
medications without an ATC code, medications used less 
than half of the week (except drugs for which nondaily 
use is common, ie, bisphosphonates, methotrexate), and 
medications for use “if necessary” were excluded. Data on 
drug use were collected at the interviews (and checked by 
reviewing medication containers). In addition, analyses 
were also adjusted for insomnia and depressive symptom 
severity because depression and sleep duration have both 
been associated with death. Depressive symptom severity 
was measured by the well-validated 30-item self-rating 
Inventory for Depressive Symptomatology.30 Additionally, 
sleep was measured with the self-report 5-item Insomnia 
Rating Scale.30

Finally, models including vitamin D levels were 
additionally adjusted for the astronomical season when 
blood samples were collected.

Data Analysis
Baseline characteristics are presented stratified for frail 

and non-frail depressed patients and tested by Student t tests 
or Mann-Whitney U tests for continuous variables and by χ2 
tests for categorical variables.

Cox proportional hazard regression models were used to 
investigate the effect of frailty on time-to-attrition due to 
death. Survival time ranged from baseline till either death 
(outcome) or censorship at time of study dropout or end 
of the follow-up (at 6 years). The presence of frailty (yes/
no) and the number of frailty components present (range, 
0–5) were the primary variables of interest. To explore 
the impact of frailty in more depth, we also examined the 
impact of specific frailty components, ie, (1) the impact of 
each of the 5 Fried frailty criteria (yes/no); (2) gait speed 
and handgrip strength as continuous, unidimensional 
proxies for frailty; and (3) 2 frailty dimensions based on the 
principal components analysis with direct oblimin rotation 
on the 5 components of the Fried Frailty Phenotype23 as 
described before.15 The Cox proportional hazard assumption 
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was checked by visual inspection of the survival curves 
for patients with and without meeting the frailty criteria. 
Hazard ratios are presented bivariate as well as adjusted for 
age, sex, level of education, smoking, alcohol use, physical 
activity, insomnia, depressive symptom severity, cognitive 
functioning, number of chronic somatic diseases, and 
number of prescribed medications.

Next, we examined whether the 3 inflammatory markers, 
vitamin D level, and LTL (independently) were prospectively 
associated with mortality using separate bivariate and 
multivariate Cox regression models with time-to-death as 
the dependent variable (similarly built and checked as the 
frailty models, but excluding frailty characteristics). Analyses 
of vitamin D levels were additionally adjusted for season of 
blood collection. To be able to compare the effect size of 
the different underlying mechanisms, we calculated z scores 
for each variable. Before calculating z scores, gait speed, 
handgrip strength, hsCRP, and IL-6 were log-transformed 
to achieve a normal distribution. For lipocalin-2, 3 outliers 
were trimmed at 3 times the standard deviation to achieve a 
normal distribution.

Finally, clinically significant inflammatory markers, 
vitamin D levels, and/or LTL were added simultaneously 
with frailty in a final model to examine whether the results 
were independent or could be explained by shared variance.

All P values < .05 were considered statistically significant. 
Analyses were conducted using SPSS Statistics version 25 
(IBM Corp).

RESULTS

Sample
The baseline characteristics of the study sample (n = 378) 

are presented in Table 1, stratified by the presence of frailty. 
The number of patients with missing data varied between 
none (for age, sex, level of education) and 6 (for alcohol 
use). Compared with non-frail patients, frail patients were 
significantly older, less educated, more severely depressed, 
drank less alcohol, and had more chronic somatic diseases. 
The two groups did not differ with respect to sex and 
smoking status.

Frailty as Determinant of Mortality
During the 6-year follow-up, a total of 27 (26.2%) of 

103 frail depressed patients died compared with 35 (12.7%) 
of 275 non-frail depressed patients (χ2

1 = 9.9, P = .002). 
Adjusted for covariates, the HR of frailty was 2.43 (95% CI, 
1.33–4.43), P = .004.

Table 2 presents the unadjusted and adjusted prospective 
association between frailty and mortality. As shown, frailty is 

Table 1. Baseline Characteristics, Stratified by Frailty Statusa

Characteristic

Non-Frail 
Depressed 

Patients 
(n = 275)b

Frail 
Depressed 

Patients 
(n = 103)b Statistic

Sociodemographic
Age, y 69.6 (6.9) 73.7 (7.9) t376 = −5.0, P < .001
Female, n (%) 179 (65.1) 71 (68.9) χ2

1 = 0.5, P = .482
Level of education, y 10.7 (3.5) 9.7 (3.2) t376 = 2.7, P = .008
Partner relationship, n (%) 149 (54.2) 49 (47.6) χ2

1 = 1.3, P = .252
Lifestyle characteristics

Alcohol use, no. of drinks/d 0.06 (1.18)c 0.03 (0.53)c z = −2.33, P = .020
Smoking, n (%) 75 (27.4) 25 (24.8) χ2

1 = 0.3, P = .611
Physical activity, MET-min 2,908 (2561) 1,009 (1,452) t365 = 30.6, P < .001
BMI, kg/m2 26.1 (4.2) 27.0 (5.0) t375 = 5.7, P = .056

Psychopathology
Depressive symptom severity score 27.5 (12.3) 37.2 (12.4) t371 = −6.8, P < .001
MMSE score 27.9 (1.7) 27.1 (2.5) t375 = 3.8, P < .001
Insomnia Rating Scale score 10.2 (5.4) 11.7 (5.8) t358 = −2.2, P = .026

Physical functioning
No. of chronic diseases 2.0 (2.0)c 2.0 (2.0)c z = −2.2, P = .026
No. of prescribed medications 4.4 (2.8) 5.5 (3.0) t373 = −3.4, P = .001

Markers of biological aging
hsCRP, mg/L 1.74 (3.17)c 2.17 (3.52)c z = −1.04, P = .297
IL-6, pg/L 0.49 (1.09)c 0.55 (2.26)c z = −1.46, P = .145
Lipocalin-2, ng/L 59.9 (21.8) 67.9 (26.1) t367 = −3.0,  P = .003
25-hydroxy vitamin D, nmol/L 54.6 (23.9) 41.7 (24.1) t365 = 4.2, P < .001
Leukocyte telomere length, bp 5,048 (400) 4,990 (392) t366 = 1.2, P = .218

aAll values are mean (SD) unless otherwise noted.  
bNo. of patients with specific missing data per characteristic: n = 0 for age, sex, level of 

education, and partner status; n = 1 for the MMSE, and BMI; n = 5 for depressive symptom 
severity, smoking, and number of prescribed medications; n = 6 for alcohol use; n = 9 for 
IL-6 and lipocalin-2; n = 10 for leukocyte telomere length; n = 11 for vitamin D and physical 
activity; n = 13 for hsCRP; and n = 18 for insomnia.

cValues are median (IQR).
Abbreviations: BMI = body mass index, bp = basepairs, hsCRP = high-sensitivity C-reactive 

protein, IL-6 = interleukin 6, IQR = interquartile range, lipocalin-2 = neutrophil gelatinase 
associated lipocalin, MET-min = metabolic-equivalent-of-task–minutes, MMSE = Mini-Mental 
State Examination.
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Table 3. Separate Bivariate and Multivariate Cox Regression Analyses to 
Examine the Independent Effect of Physiological and Cellular Markers of 
Biological Aginga

Unadjusted Adjustedb

Predictor HR  95% CI P Value HR  95% CI P Value
Inflammatory markers

hsCRP 1.45 1.11–1.88 .006 1.42 1.08–1.86 .011
IL-6 1.29 0.99–1.69 .061 1.31 0.98–1.75 .072
Lipocalin-2 1.45 1.13–1.85 .003 1.32 0.99–1.75 .056

Vitamin D
25-hydroxy vitamin Dc 0.57 0.40–0.80 .001 0.57 0.39–0.83 .003

Telomere length
Leukocyte telomere length 0.63 0.45–0.87 .005 0.68 0.47–0.98 .040

aAll characteristics are expressed as z score, to be able to compare the HR of the individual 
makers.

bFrailty not included in model, which was adjusted for age, sex, education, partner status, 
alcohol use, current smoking, physical activity, BMI, depressive symptom severity, sleep, 
cognition, chronic somatic diseases, and number of prescribed medications.

cAll analyses additionally adjusted for astronomical season.
Abbreviations: HR = hazard ratio, hsCRP = high-sensitivity C-reactive protein, IL-6 = interleukin 6.

associated with an increased mortality risk, irrespective of being classified 
as present/absent or by the number of frailty components met. Regarding 
the individual frailty components, only weight loss reached statistical 
significance, and regarding frailty dimensions, only performance-based 
physical frailty reached significance (see Table 2).

Biomarkers as Determinants of Mortality
Except for the level of IL-6, all biomarkers were significantly associated 

with the mortality rate, although the impact of lipocalin-2 lost statistical 
significance in the fully adjusted model. Higher hsCRP levels were 
prospectively associated with increased mortality rates, whereas higher 
vitamin D levels and LTL were protective (see Table 3).

Subsequently, we included the 3 significant biomarkers (hsCRP, LTL, 
vitamin D) in the fully adjusted frailty models. The HR of the presence 

of frailty remained significant (HR = 2.85 
[95% CI, 1.40–5.77], P = .004) as did the HR 
of the sum score (HR = 1.29 [95% CI, 0.98–
1.68], P = .065). In these models, LTL lost 
significance, whereas hsCRP and vitamin D 
remained significant independently of frailty 
associated with mortality (in the dichotomous 
frailty model, HR of hsCRP: [HR = 1.37 (95% 
CI, 1.04–1.81), P = .026]; HR of vitamin D: 
[HR = 0.59 (95% CI, 0.41–0.86), P = .005]).

DISCUSSION

In line with a recent meta-analysis32,33 
on the relationship between frailty and 
mortality, we found a prospective association 
between physical frailty and mortality over 
a 6-year follow-up among patients suffering 
from late-life depression. This association 
remained significant even when adjusted for 
depression severity, lifestyle characteristics, 
and somatic morbidity. Moreover, the impact 
of frailty on mortality in late-life depression 
was independent of inflammatory markers, 
leukocyte telomere length, and vitamin D, 
whereas hsCRP and vitamin D were also 
prospectively associated with mortality 
independent of frailty.34

The concept of frailty has been introduced 
to describe (and identify) older persons 
at increased risk for disability and death. 
Demonstrating a prospective association 
between a specific frailty model and 
mortality is generally regarded as the ultimate 
validation of these models. A meta-analysis33 
of 19 longitudinal studies demonstrated that 
the Fried Frailty Index, which is based on 
the deficit accumulation model, consistently 
predicts mortality. The deficits accumulation 
model postulates that the proportion of at 
least 30 aging-related health deficits reflects 
biological age on top of chronological age.35 
Nonetheless, this model can be criticized to be 
merely a model of multimorbidity, as chronic 
diseases as well disease severity states are 
included as health deficits.35 Currently, many 
studies have shown that the Fried Frailty 
Phenotype23 is also associated with increased 
mortality rates,36 although a meta-analysis 
is not available. Within the UK biobank, 
comprising data from 493,737 persons, the 
Fried Frailty Phenotype predicted mortality 
independent of multimorbidity.36 The authors 
of these studies argue for more research on 
the impact of frailty across different disease 
contexts. This research may be especially 
important for a mental health context, as 

Table 2. Association of the Different Frailty Measures With 6-Year Mortality 
Among Depressed Patientsa

Unadjusted Fully Adjustedb

Predictor HR  95% CI P Value HR  95% CI P Value
FFI

Frailty, dichotomous 2.13 1.23–3.70 .009 2.89 1.47–5.68 .002
Frailty, no. of components 1.28 1.04–1.58 .020 1.50 1.11–2.01 .007

Presence of FFI components
Exhaustion 1.29 0.75–2.21 .358 1.36 0.72–2.56 .342
Weight loss 1.80 1.05–3.09 .033 1.95 1.08–3.53 .028
Low physical activity level 0.98 0.57–1.70 .942 0.89 0.45–1.77 .741
Low gait speed 1.62 0.92–2.87 .095 1.71 0.88–3.32 .113
Low handgrip strength 1.56 0.88–2.79 .129 1.54 0.81–2.94 .192

Frailty proxies, (uni)dimensional
Gait speed, logs 3.74 0.92–15.2 .066 4.41 0.78–25.0 .093
Handgrip strength, logkg 0.82 0.21–3.25 .779 0.16 0.02–1.06 .057

Frailty dimensions (PCA)
Performance-based FFIc 1.29 1.00–1.66 .046 1.47 1.04–2.09 .031
Vitality-based FFId 1.19 0.91–1.56 .203 1.29 0.99–1.66 .055

an = 340 due to missing values on specific covariates. 
bSeparate multivariate Cox regression analyses adjusted for age, sex, years of education, 

partner status, alcohol use, smoking, physical activity, BMI, depressive symptom severity, 
sleep, cognition, chronic somatic diseases, and number of prescribed medications. 

cPerformance-based FFI was based on 3 components, ie, gait speed, handgrip strength, and 
low physical activity. 

dVitality-based FFI was based on weight loss and exhaustion.
Abbreviations: BMI = body mass index, FFI = Fried Frailty Index, HR = hazard ratio, 

PCA = principal components analysis, s = seconds.
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the impact of the frailty phenotype is less in patients with 
neuropsychiatric diseases compared with those with other 
chronic disease clusters,8 which might be explained by 
overlapping criteria between frailty and (neuro)psychiatric 
disorders.8 To our knowledge, our study is the first to 
evaluate the impact of frailty in a homogeneous sample 
of psychiatric patients. Moreover, in contrast to previous 
studies, we adjusted for multimorbidity as well as for lifestyle 
characteristics. We found most robust results for the original 
operationalization of the Fried Frailty Phenotype, showing 
that frailty is more than the sum of its components.

Previously, we reported that, within the NESDO-study, 
the mortality rate was significantly higher among depressed 
patients compared with the non-depressed comparison 
group.22 However, when adjusted for demographic, 
lifestyle, and somatic comorbidity, this difference lost 
significance.18 This latter finding points to the importance 
of adequate adjustment for confounders. Previous studies 
on the association between depression and mortality have 
been criticized for incomplete correction for potential 
confounders.3

Frailty is a clinical phenotype that is supposed to result 
from many different pathophysiologic mechanisms.34 
Studies on the biology of frailty are now booming, and a large 
number of frailty-related biomarkers have been proposed; 
in particular, those representing inflammatory, endocrine, 
and metabolic pathways.34,37 In this study, we have focused 
on immunosenescence, vitamin D deficiency, and shortened 
LTL. Of the 3 inflammatory markers, IL-6 and lipocalin-2 
(NAGAL) became nonsignificant due to shared variance with 
frailty, whereas increased hsCRP remained independently 
associated with mortality. Immunosenescence manifests itself 
by a decline of B-cell and T-cell function and an impaired 
response to chronic antigenic stimuli.38 Paradoxically, it 
creates a condition of chronic low-level inflammation, also 
called “inflamm-ageing,”38 and is characterized by elevated 
levels of the inflammatory cytokine IL-6 and the nonspecific 
acute-phase reactant CRP.39 Both frailty and depression 
have been associated with higher serum levels of CRP and 
IL-6,40 albeit frailty more consistently when compared 
with depression.41 Previously, we have shown that physical 
frailty is associated with low-grade inflammation in late-life 
depression.16

We found that shorter LTL was associated with mortality 
in our sample, independent of lifestyle and somatic disease 
burden. Telomere length, as a marker of cellular aging, has 
been associated with increased mortality rates and the onset 
of various age-related diseases.3 With each cell division some 
telomeric DNA is lost, leading to apoptosis when a critical 
length is reached. Next to replication, endogenous factors 
may also cause telomere shortening, including inflammation, 
metabolic dysregulation, and oxidative stress.42 These 
mechanisms become more prominent with chronological 
aging. Shortened LTL is also consistently associated with 
depression earlier in life,1 but the association seems to be 
lost in older age samples.27 Thus far, the limited studies 
reported only a weak association between telomere length 

and frailty.17 Nonetheless, LTL and frailty share variance in 
explaining mortality in our sample.

In our study, higher vitamin D levels were protective 
for death. One of the key features of frailty, and a potential 
link with vitamin D deficiency, is the loss of skeletal muscle, 
or sarcopenia.23 In older persons, a consistent relationship 
between hypovitaminosis D and muscle dysfunction has 
been demonstrated, as well as a positive effect of vitamin 
D supplementation on balance and muscle strength.43 
A recent dose-response meta-analysis44 showed an 
association between low-levels of vitamin D and higher 
risk for frailty. Although frailty experts consider vitamin 
D supplements useful for frail persons who are vitamin D 
deficient,45 intervention studies into the effect of vitamin D 
supplementation on frailty are currently lacking.46 Previously, 
we have shown that physical frailty in late-life depression 
is associated with low vitamin D levels.18 Moreover, low 
vitamin D levels are consistently associated with (late-life) 
depression,18 although causality has been questioned and 
such levels are seen merely as a marker of poor health.15 We 
found that lower vitamin D has a strong association with 
mortality in late-life depression, independent of depressive 
symptom severity and independent of frailty. This finding 
suggests that randomized controlled trials of vitamin D 
supplementation in late-life depression may also include 
mortality as an endpoint in addition to improvement of 
depressive symptoms.

For proper interpretation, some methodological issues 
need to be addressed. Strengths of this study include 
the relatively large sample of patients with a confirmed 
depressive disorder as well as the comprehensive assessment 
of depression characteristics and confounding factors. 
However, some limitations should also be acknowledged. 
Firstly, the Fried Frailty Phenotype23 has been criticized 
for taking little account of variables such as cognitive and 
emotional domains in the older adult. However, using the 
Fried criteria for studying frailty in a psychiatric sample 
enables us to disentangle mental disorders, cognitive aging, 
and physical frailty. Moreover, the frailty phenotype is a 
well-validated instrument widely used in frailty research.47 
Secondly, we did not have access to causes of death. On the 
one hand, inclusion in the sensitivity analyses of only older 
adults who deceased from frailty-related causes would have 
led to more accuracy. On the other hand, even if causes 
of death are known, it is arbitrary which causes of death 
should be considered frailty related. Moreover, our sample 
size was too small to conduct subgroup analyses for patients 
with specific somatic comorbidity patterns. Therefore, we 
adjusted all analyses for the number of chronic somatic 
conditions as a dimensional indicator of multimorbidity 
and for the number of prescribed drugs as a severity marker 
of comorbid chronic diseases. Finally, we adjusted only for 
covariates at baseline, while fluctuations in covariates over 
time, for example in depressive symptom severity, may 
additionally impact mortality.

The management of frailty is an important clinical priority, 
especially for health professionals working with middle-aged 
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and older persons. While frailty has been largely neglected 
in mental health care, future studies should focus on the 
clinical implications of frailty across different psychiatric 
disorders to facilitate the development of interventions to 
modify frailty and ameliorate its effects in these vulnerable 
patients. In light of the many mechanisms underlying 
frailty, we should adopt a wider range of interventions 
when targeting frailty in late-life depression. Of the 
mechanisms explored in the present study, shared variance 
with leukocyte telomere length seems relevant regarding 
mortality, whereas inflammation and vitamin D seem to 
have independent effects on the risk of mortality. While the 
effectiveness of vitamin D supplementation in the treatment 

of depression is still debated,45,46 one may hypothesize that 
vitamin D supplementation in late-life depression might be 
able to prevent adverse health effects like mortality. A recent 
network analysis48 on interventions for frailty pointed to 
the importance of physical activity interventions, with 
nutritional supplementation as most promising.

Since frailty is identifiable in depressed older adults 
and prospectively associated with mortality independently 
of the extent of multimorbidity, sociodemographic, and 
lifestyle characteristics, we hope that our findings will 
contribute to the evolution of mental health care services 
to better meet the needs of our increasingly complex patient 
populations.
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