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ARTICLE INFO ABSTRACT

Keywords: Late-life depression is a highly prevalent mental health condition with devastating consequences even from its
Depression earliest stages. Alterations in physiological functions, such as inflammatory and metabolic, have been described
Inflammation

in patients with depression. However, little is known on the association between depression symptom course and
metabolic and inflammation dysregulation. This study aimed to depict the course of depression symptoms while
ageing, taking into consideration inter-individual heterogeneity. Moreover, it intended to study the associations
between inflammatory and metabolic risk profiles and symptom trajectories. To do so, data from 13,203 adults
aged 50-90 years (52.75% women; mean age at baseline = 65.07, SD = 10.00) were used. Blood sample and
blood pressure measures were taken from 1536 participants (56.58% women; mean age at baseline = 61.73
years, sd = 7.64). Depression symptoms were assessed every two years across a 10-year follow-up. Trajectories
were identified by means of latent class mixed modelling. Inflammation and metabolic risk profile scores were
obtained from plasma and diagnostic-based indicators in the follow-up, using a robust latent-factor approach.
Multigroup modelling was used to study the associations between the profiles and symptom trajectories. As a
result, three heterogeneous trajectories of symptoms were identified (low-symptom, moderate-symptom and
high-symptom trajectory). Participants depicting a high-symptom trajectory showed the greatest inflammation
profile score and high metabolic risk. Moderate-symptom trajectory was also related to high inflammation and
metabolic risk. To sum up, at-risk trajectories of symptoms were associated with high inflammation and risk of
metabolic diseases. This study provides valuable evidence to advance personalised medicine and mental health
precision, considering person-specific profiles and physiological concomitants.

Metabolic disease risk
Longitudinal trajectories
Healthy ageing

1. Introduction

Depression constitutes a public health concern because of its high
prevalence, affecting 300 million people, and its impact, being one of
the leading causes of disability worldwide (GBD, 2016 Disease and
Injury Incidence and Prevalence Collaborators, 2017; Ustun et al.,
2004; World Health Organization, 2017). Depression influence becomes
more evident as people age. Some studies have shown prevalence rates
of late-life depression of 30-40%, being higher in elderly women and in
population with low levels of education (Andreas et al., 2017; Braam
et al., 2014; Dias et al., 2019; Sonnenberg et al., 2000). The interaction
of social and physiological factors associated to ageing (e.g., loneliness,
widowhood, cumulative burden of chronic diseases, upregulation of

inflammatory processes (Alexopoulos and Morimoto, 2011; Kiecolt-
Glaser et al., 2015) could explain the high rates of depression in the
elderly. For instance, a poor health status (e.g., having multiple chronic
diseases) and limited functional status (e.g., limitations in activities of
daily living) involve substantial loss in autonomy and reward on a daily
basis, with a subsequent impact on emotional state and mental health
(Chui et al., 2015; Marengoni et al., 2011; Riddle et al., 2015).

How does depression symptomatology evolve while ageing is a
question still under debate. Many studies have highlighted a significant
influence of clinically subthreshold depression on health-related out-
comes in old age (Carriere et al., 2017; Cuijpers et al., 2013). A unitary
course of symptoms has been proved to be insufficient to cover inter-
individual heterogeneity over the adulthood and old age (Byers et al.,
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2012; Montagnier et al., 2014; Musliner et al., 2016).

There are consistent data supporting the association between in-
flammation and depression. Inflammation seems to be involved in pa-
thophysiologic underpinnings of depression symptomatology (Kohler
et al., 2017; Miller and Raison, 2016). Alterations in pro-inflammatory
response (e.g., increased cytokine release, increased levels of acute-
phase reactants, chemokines and soluble adhesion molecules) have
been well documented in patients with depression and high levels of
symptoms (Rozing et al., 2019; Valkanova et al., 2013). Low-grade
inflammation agents (e.g., fibrinogen and C-reactive protein) may be
upregulated in acute stages of depression and over a heightened course
of depression symptoms (Ambrosio et al., 2018; Raison and Miller,
2013; Uher et al., 2014; Von Kanel et al., 2009). Moreover, treatment
with anti-inflammatory medication may lead to depression symptom
amelioration (Raison and Miller, 2013). Moreover, mounting evidence
has corroborated the association between depressive conditions and
inflammatory disturbances in old age (Brown et al., 2016; White et al.,
2017).

On the other hand, metabolic processes have also been considered
when studying depression over the old age. The burden of metabolic
diseases (e.g., diabetes, hypertension, hypercholesterolemia) is con-
siderable in old age, in terms of epidemiological (e.g., a twofold risk of
metabolic diseases is expected in the old age), social (metabolic dis-
eases are highly associated with increased disability) and economic
issues (health care service utilisation) (Scholze et al., 2010; Suastika
et al., 2011). There is growing evidence pointing to a bidirectional
association between increased risk of metabolic diseases and diagnosed
depression (Pan et al., 2012; Van Reedt Dortland et al., 2010; Viinaméki
et al., 2009). In a same line, numerous studies have found that older
adults with depression may show altered levels of metabolic markers
(Almeida et al., 2007; Marijnissen et al., 2017). However, little is
known about how longitudinal trajectories of depressive symptoms may
be related to metabolic disease burden in old age.

Evidence on the association between inflammatory markers and
metabolic syndrome risk and depression symptom course is limited and
inconsistent. Also, most of these findings predominantly raised from
cross-sectional studies. Longitudinal studies are needed to explain how
depression symptom course may be linked with specific inflammation
and metabolic risk profiles. This study aimed to depict the hetero-
geneous course of depression symptoms while ageing and its socio-
demographic and health-related concomitants. Also, it intended to
analyse the association between symptom trajectories and inflamma-
tion and metabolic risk profiles. We hypothesised that at least two
heterogeneous trajectories of depressive symptoms (e.g., a normative
course and a trajectory featured by high symptoms) would be identified
in the elderly. Factors related to more severe trajectories of symptoms
would be being women, showing lower educational attainment and
poorer health status (i.e., multimorbidity, disability and history of
psychiatric problems). Finally, trajectories with elevated levels of
symptoms would be related to inflammation and metabolic risk pro-
files; that is, profiles featured by high inflammation and metabolic
scores.

2. Materials and methods

Data from 13,615 participants (52.50% women; mean age at base-
line = 65.24, SD = 10.08) of the English Longitudinal Study of Ageing
(ELSA), a biannual, nationally representative, prospective cohort study
of health and ageing, were used (NatCen Social Research, 2012; Steptoe
et al., 2013). All the participants were between 50 years and 90 years
and provided a written consent form to participate. None of them
showed either a diagnosis of dementia or antecedents of cancer or
immunology diseases.
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2.1. Data collection and procedures

Data were collected by face-to-face surveys with trained re-
searchers. Participants were surveyed every two years along a 10-year
follow-up, comprising six waves (2002-2012). Baseline survey con-
sisted of a wide battery of questions on sociodemographic features (e.g.,
marital status, education attainment, household income), disease his-
tory (disease burden and history of emotional problems) and health-
related conditions. Antidepressant use, chronic diseases and disability
details were collected at the 6th wave survey (2012). Three indexes
were made to account for disease morbidity and disability (see further
details in the Supplementary material): the chronic disease index, ac-
tivities of daily living difficulty index (ADL) and the instrumental ac-
tivities of daily living difficulty index (IADL).

Depression symptomatology was assessed across all waves by means
of the 8-item version of the Center for Epidemiologic Studies Depression
Scale (CES-D 8; Karim et al., 2015; Turvey et al., 1999). This tool
evaluates the presence of key symptoms of depressive disorders by
means of a dichotomous (yes/no) scale of response. Two components
(i.e., depressed mood and somatic symptom component) and a com-
posite score, stating the total number of symptoms, can be derived from
the CES-D 8. This short version of the questionnaire has good internal
consistency across waves in our sample (Kuder-Richardson 20 index
between 0.78 and 0.81 in our sample) and comparable psychometric
properties to the full 20-item CES-D (Karim et al., 2015; Van de Velde
et al., 2009). The cut-off point for clinical symptomatology was set at
more than 3 symptoms (Turvey et al., 1999).

Body mass index (BMI), blood pressure and blood sample data were
collected at the 6th ELSA wave (see the Supplementary material for
further details). A blood sample was taken in a subsample of 1536
participants (56.58% women; mean age at baseline = 61.73 years, sd =
7.64). Individuals with a history of clotting or bleeding disorders or
with pharmacological prescription of anticoagulant drugs were ex-
cluded from blood sample tests. Blood storage and analysis were carried
out at the Royal Victoria Infirmary (Newcastle-upon-Tyne, United
Kingdom). Among inflammatory biomarkers white blood cell count, C-
reactive protein (CRP), and fibrinogen were assessed. As metabolic
biomarkers, we considered: high density lipoprotein (HDL) cholesterol,
triglycerides, and glycated haemoglobin (HbAlc). Further details on
blood sample analysis is described in the Supplementary material.

2.2. Data analysis

Attrition analyses were conducted to test for differences between
the analytical sample and the dropout sample (see further details on
analytic approach in the Supplementary data). Latent class mixed
modelling (LCMM) was used to depict the course of depression symp-
toms while ageing, allowing for latent person-specific trajectory iden-
tification (Proust-Lima et al., 2015; Proust-Lima and Jacqmin-Gadda,
2005). Model estimation relied on robust maximum likelihood and full
information methods (this enabled the depiction of heterogeneous
trajectories even when intermittent missing data were present). First,
symptom course models depicting either linear or quadratic growth in
the fixed and random component were examined. Afterwards, models
with increasing trajectory classes were compared in order to identify
the model with optimal class enumeration (see the Supplementary
material for further details on model selection criteria).

Multinomial regression was used to study how baseline socio-
demographic and health-related factors were associated with trajectory
class membership. Finally, the fit of multigroup multiple-indicators
multiple-causes (MIMIC) models was compared to study the association
between depression trajectory class membership and inflammation and
metabolic risk profiles. The inflammation and metabolic risk profile
models relied on robust plasma-derived and diagnosis-based indicators
(see the Supplementary material). Models with increasing parameter
constraints across trajectory class groups (each constraint involved



A. de la Torre-Luque, et al.

Table 1
Descriptive statistics and attrition analyses.

Psychoneuroendocrinology 110 (2019) 104443

Descriptive statistics

Attrition analyses

Initial vs. DEP sample DEP vs. BLOOD sample

DEP sample BLOOD sample Statistic ES Statistic ES
n 13203 1536
Sex (% men) 47.25 43.42 10.15 0.03 10.06 0.03
Age 65.07 (10) 61.73 (7.64) 11.10 -0.76 17.57 0.40
Marital status (%) 23.09 0.03 27.22 0.03
Never married 5.01 4.04
Married/partnered 69.23 73.54
Separated/divorced 8.77 9.51
Widowed 16.99 12.91
Education level (%) 55.95 0.04 148.30 0.07
No qualifications 34.99 37.37
Primary-school graduate 19.57 8.59
Secondary-school graduate 15.2 18.16
Some college education 16.67 21.62
University graduate or higher 13.57 14.26
Household income (£) 18,092 (20,587.71) 21,203.10 (34,526.84) —-2.73 0.19 —4.02 -0.18
History of emotional problems (% yes) 4.62 7.36 2.29" 0.01 28.84 0.04
Antidepressant prescription (% yes) 13.68 11.91 1.12™ 0.01 5.74" 0.01
CES-D 8' 1.58 (1.98) 1.33 (1.85) - - 5.44 0.14
GHQ-12 5.10 (0.98) 4.99 (0.90) 2.25 -0.37 4.94 0.13
Multimorbidity 1.02 (1.01) 0.84 (0.83) 5.23 —0.36 8.61 0.21
ADL 0.4 (0.97) 0.24 (0.73) 4.94 —0.47 8.49 0.19
IADL 0.24 (0.71) 0.11 (0.41) 5.37 —-0.51 12.15 0.23
BP

Systolic (mmHg)
Diastolic (mmHg)
BMI 27.98 (4.69)
Inflammatory plasma markers

WBC (10° cell/l) 6.44 (1.89)
Fib (mg/1) 2.99 (0.52)
CRP (mg/1) 3.58 (11.44)
Metabolic plasma markers

Trig (mmol/1) 1.45 (0.76)
HDL (mmol/1) 1.68 (0.47)
HbA1lc (%) 41.4 (8.15)

134.05 (17.72)
72.79 (10.53)

Note. Percentage of cases are displayed for dichotomous and categorical variables. Means and standard deviation (between brackets) are displayed for continuous
variables. Data from all variables were taken at baseline, except BMI, BP, antidepressant prescription, inflammatory and metabolic markers (wave 6).
Initial sample constituted the sample of all participants with more than 50 years and no history of cancer nor immunological diseases (N = 13,615). DEP
sample = sample under analysis for depression trajectory class identification. BLOOD sample = sample with blood sample collected.
For attrition analyses, t tests (continuous outcomes) and x> tests (non-continuous outcomes) were used as contrast statistics. All these tests were significant
(p < 0.01) except those with superscript ™. ES = effect size estimates (Cohen’s d for continuous outcomes and Cramer’s V for non-continuous outcomes).
CES-D 8 = Center for Epidemiologic Studies Depression Scale, 8-item version. GHQ-12 = General Health Questionnaire, 12-item version. ADL = Activities of daily
living difficulty index. IADL = Instrumental activities of daily living difficulty index. BP = Blood pressure. BMI = Body mass index. WBC = White blood cell count.
Fib = Fibrinogen. CRP = C-reactive protein. Trig = Triglycerides. HDL = High-density lipoprotein cholesterol. HbAlc = Glycated haemoglobin.

T Attrition analysis for this variable was not conducted between the initial sample and DEP sample due to lack of scores from the dropped sample.

parameter being equal across groups) were compared. Thus, the influ-
ence of symptom trajectory on the profile was proved when a more
constrained model fitted better fit to data. Diagonally weighted least
squares methods were used for inflammation profile and metabolic risk
profile estimation.

All the analyses were conducted using STATA and R software and
packages lemm and lavaan (R Core Team, 2017).

3. Results

Descriptive statistics of participants in analysis are displayed in
Table 1. Data from 13,203 participants were used to study the course of
depression symptoms while ageing (participants in analysis). A sample
of 412 participants (55.34% men; m = 73.26 years at baseline, sd =
10.84; 64.55% married and 69.05% with less than secondary education
attainment) was excluded from analyses due to the lack of CES-D
measurement. Attrition analyses revealed the presence of significant
differences across samples. However, only differences in age and IADL
were meaningfully significant (i.e., with at least a medium effect size)

when comparing the initial and the analytical sample.

3.1. Depression symptom trajectories

Three trajectories of depressive symptoms while ageing were found
(Fig. 1). LCMM revealed that the growth solution comprising three
heterogeneous trajectories of depression symptoms, linear fixed and
mixture component, fitted better than the other nested models (see
Table S1 and S2 in the Supplementary material). This model presented
low fit indexes (CAIC = 183,177.42; SABIC = 183,145.64) and high
mean of posterior probabilities of belonging to each trajectory class
(.81-.95). The three identified trajectories were: 1) a low-symptom
trajectory or normative trajectory featured by a trajectory of minimal
levels of symptoms but slightly rising (time loading B = 0.07,
SE < 0.01, Wald’s Z = 9.82, p < 0.01), depicted in 74.57% of partici-
pants in analysis (n = 9846); 2) a moderate-symptom trajectory class
(17.99% of participants, n = 2375) with rising levels of symptoma-
tology, that surpassed the cut-off point of clinical meaningfulness over
time (time loading B = 0.07, SE = 0.01, Wald’s Z = 3.83, p < 0.01)
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Fig. 1. Overall course and underlying person-specific trajectories of depression symptomatology over the old age.
Note. Figure in the A box depicts the overall course of depression symptoms while ageing. Figure in the B box depicts the underlying trajectories of symptoms

identified.
Error bars depict the 95% confidence interval of the mean.
The shaded area refers to the cut-off point for clinical symptomatology.

For the figure in the B box: Grey dashed line = low-symptom trajectory class. Grey solid line = moderate-symptom trajectory class. Dark solid line = high-symptom

trajectory class.

and 3) a high-symptom trajectory (7.44% of participants, n = 982)
with heightened levels of symptoms (always above the cut-off point for
clinical meaningfulness) over time, but slightly decreasing (time
loading B = -0.05, SE = 0.02, Wald’s Z = -2.25, p < 0.03).

3.2. Sociodemographic and clinical factors associated to depression
trajectories

The multinomial logistic regression revealed a better fit regarding
the model with predictors (AIC = 4254.14; R% = .24), in comparison
with the unconditional model (AIC = 19,035.25; R? = .00). Regression
coefficients by predictor is displayed in Table 2. Moderate-symptom
trajectory (in comparison to low symptom class) was explained by sex
(being woman), civil status (being separated or widowed), education
(not having got secondary school certificate or above), but especially by
exhibiting a history of emotional problems, multimorbidity and func-
tioning limitations, and having prescribed antidepressant medication.
High-symptom trajectory was explained by the same factors (but also
by younger age). However, membership for this class involved higher
relative ratio values across factors.

3.3. Inflammatory and metabolic risk and depression trajectories

Fig. 2 displays inflammation and metabolic risk profile scores ac-
cording to symptom trajectory class. Positive correlations were found
between the inflammation profile score and the CES-D 8 components
across measurement waves (for the depressed mood component, r be-
tween 0.05, wave 2, to .11, wave 6; for the somatic symptom compo-
nent, r between 0.14, wave 2, to .20, wave 6). Higher correlations were
observed between the matabolic profile score and the CES-D 8 com-
ponents (for the depressed mood component, r between 0.18, wave 3,
to .22, wave 2; for the somatic symptom component, r between 0.22,
wave 3, to .28, wave 6). Correlation between the metabolic and in-
flammation profile scores was positive, but low, r = 0.25, p < 0.01.

Multigroup testing revealed that the inflammation profile solution
with constraints on indicator loadings, intercepts and residuals fitted
better to data than the nested models., ACFI =.004, ARMSEA =
-0.005. This pointed to a moderating effect of depressive symptom
trajectory group on the inflammation profile scores. Regarding the
metabolic risk profile model, the loss of fit was not significant for the
model with loadings and thresholds constrained, ACFI = .003, ARMSEA

= -.002, in comparison to the unconstrained model. This finding pro-
vided some evidence on the moderating role of depressive symptom
trajectory group in the metabolic profile scores. Fit indexes for all the
nested models are shown in Table S3 (Supplementary material).
Significant differences across classes were revealed for all indicators
and latent factor scores, especially when comparing the low-symptom
trajectory with the others (see Table S4 for further details on estimated
parameters). More severe symptom trajectories showed higher levels of
inflammatory biomarkers and higher latent factor scores (observing
significant post hoc differences between all the groups) as well as higher
metabolic risk considering its indicators and latent factor score.

4. Discussion

In this prospective, large cohort study of old individuals, we found
three different depression symptoms trajectories while ageing con-
sidering inter-individual heterogeneity: low depressive symptoms,
moderate depressive symptoms and high depressive symptoms. The
factors that better predicted the membership to clinically relevant tra-
jectories were female gender, lower educational attainment, being se-
parated or widowed, multimorbidity, disability and history of emo-
tional problems in adulthood. Finally, we found an association between
more severe symptom trajectories and the presence of inflammatory
and metabolic factors.

Our study revealed that the course of depression while ageing fol-
lows different trajectories differentiated by symptom intensity and
trend. We found that three heterogeneous trajectories depicted the
depression symptom course more optimally. These results are in line
with current approaches claiming for integrating longitudinal and
person-centred corollaries into epidemiology and psychiatry research
and practice, as a contribution to advance personalised medicine and
mental health precision (Costello and Angold, 2016; Redekop and
Mladsi, 2013). Some studies with older adults have found a similar
symptom trajectory class enumeration, highlighting a course of ele-
vated symptoms over the studied period and a normative class (com-
prising the bulk of participants) with low levels of symptoms over time
(Hybels et al., 2016; Montagnier et al., 2014; Rote et al., 2015). Ac-
cording to Musliner et al. (2016), most of older adults may show a
course featured by low levels of symptoms, with a minimal impact on
health and related outcomes. However, a low proportion of individuals
may show very high, even chronic, depression symptoms over time. Our
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Table 2
Regression predictors of depression symptom trajectory class membership.
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Moderate-symptom trajectory

High-symptom trajectory

(n = 2375) (n = 982)
RRR CI Z RRR CI Z

(intercept) 0.35 (0.15, 0.83) —2.39% 0.09 (0.02, 0.44) —3.00%*
Sex 1.71 (1.41, 2.17) 5.42%* 1.89 (1.28, 2.78) 3.24**

(reference = man)
Age 0.99 (0.98, 1.00) -1.70 0.97 (0.95, 0.99) —2.50*
Marital Status

(reference = married)
Never married 1.02 (0.62, 1.68) 0.10 2.13 (0.95, 4.80) 1.83
Separated/divorced 1.41 (1.05, 1.88) 2.26* 2.51 (1.55, 4.04) 3.77%*
Widowed 1.45 (1.11, 1.91) 2.71%* 2.16 (1.33, 3.49) 3.14%*
Household income 1.00 (1.00, 1.00) —4.07%* 1.00 (1.00, 1.00) —0.58
Education level

(reference = no qualifications)
Primary-school graduate 0.96 (0.69, 1.34) -0.22 0.89 (0.48, 1.62)
Secondary-school graduate 0.71 (0.54, 0.93) —2.47* 0.49 (0.30, 0.82)
Some college education 0.87 (0.66, 1.13) -1.07 0.36 (0.20, 0.64)
University graduate or higher 0.68 (0.48, 0.97) —2.15*% 0.26 (0.12, 0.57)
History of emotional problems 2.45 (1.78, 3.38) 5.50%* 5.44 (3.46, 8.57)

(reference = no)
Multimorbidity 1.15 (1.04, 1.27) 2.70%* 1.56 (1.31, 1.86) 5.04%*
ADL 1.39 (1.24, 1.57) 5.49%* 1.54 (1.32, 1.81) 5.37%*
IADL 1.65 (1.36, 2.01) 5.03** 2.04 (1.60, 2.61) 5.72%*
Antidepressant prescription 1.93 (1.51, 2.46) 5.24%%* 2.65 (1.80, 3.92) 4,93%*

(reference = no)

Note. Moderate-symptom and high-symptom class membership were compared with low-symptom class membership (n = 9846; reference class). Data from all

variables were taken at baseline, except antidepressant prescription (wave 6).

ADL = Activities of daily living difficulty index. IADL = Instrumental activities of daily living difficulty index.
RRR = relative risk ratio. CI = 95% confidence interval of the RRR. Z = Wald’s Z test statistic.

* p < 0.05; ** p < 0.01.

study showed a proportion of individuals with very high levels of
symptoms over time (comprising the high-symptom trajectory class),
but also a group of individuals with rising symptoms (the moderate-
symptom trajectory class adults). Taking together participants from
both classes, one in four individuals may show clinical levels of de-
pression symptoms in their late life.

We found risk factors highly associated to the moderate-symptom
trajectory (i.e., being woman, low educational attainment, being se-
parated or widowed, multimorbidity, disability, history of emotional
problems in adulthood and antidepressant consumption). Similar pre-
dictors were observed regarding the high-symptom trajectory class
membership, but the relative influence of these factors on class mem-
bership prediction was higher. Moreover, high-symptom trajectory in-
dividuals showed elevated symptomatology from earlier in life, due to
the significant effect of age on class membership prediction. These re-
sults provide additional evidence on the cumulative impact of multi-
morbidity, disability and emotional problem history to show a more
severe symptom trajectory in old age (Byers et al., 2012; Chui et al.,
2015; Montagnier et al., 2014).

Regarding the inflammation and metabolic risk profiles, our results
supported the association between more severe forms of depression
(moderate- and high-symptom trajectories) in old individuals and in-
flammatory and metabolic dysregulation. In this regard, latent-factor
multigroup-based procedures revealed that participants with a high-
symptom trajectory while ageing showed a higher inflammation score
compared to the other less severe trajectories. Besides, metabolic risk
profile scores were significantly higher in individuals showing both at-
risk trajectories (high and moderate symptoms trajectories) in com-
parison to those showing the normative one.

Our results are in line with some studies that show an association
between inflammatory and metabolic dysregulation and more severe
cases of depression in clinical samples (i.e., more episodes, chronic
course and more resistance to antidepressant medication; Kim et al.,
2015; Pan et al., 2012; Raison and Miller, 2013; Viinamaki et al., 2009;

Vogelzangs et al., 2014). It has been proposed a longitudinal and bi-
directional association between dysregulated inflammatory and meta-
bolic processes and late-life depression emergence and persistence, at a
diagnosis and symptom level (Eswarappa et al., 2019; Hamer et al.,
2013; Marijnissen et al., 2017). Epidemiological cohort studies on large
community samples have demonstrated that increased inflammation
serves as a risk factor for the development of depression. Higher levels
of baseline inflammatory markers (C-reactive protein) and metabolic
disturbances (high triglycerides and glucose levels, larger waist cir-
cumference and lower levels of HDL cholesterol) have been associated
with an increased risk of chronic depression in older participants later
in life (Rozing et al., 2019; Sonsin-Diaz et al., 2019; Vogelzangs et al.,
2010). Conversely, it has been shown that presence of depressive
symptoms (especially somatic symptoms) predicts increased in-
flammation in old age (Martinez-Cengotitabengoa et al., 2016; Niles
et al., 2018; Sonsin-Diaz et al., 2019).

The prolonged exposure to inflammatory agents, especially in brain,
may have devastating consequences in terms of mood dysregulation
and depression symptom emergence (e.g., anorexia, fatigue), altered
neuroplasticity (associated with an increased vulnerability to further
depressive episode) and cognitive impairment, due to reduced synaptic
availability of monoamines (e.g., increased uptake of serotonin by an
upregulation of the mitogen-activated protein kinase) and neurotoxicity
effects (e.g., increased levels of reactive oxygen species, astrocyte-
mediated glutamate metabolism alterations) (Eisenberger et al., 2010;
Felger et al., 2016; Raison and Miller, 2013). Likewise, anti-depressant
effects have been found after administering some anti-inflammatory
medications (Kohler et al., 2016). This could be especially relevant
while ageing as inflammation may speed up ageing-related processes
(Gabuzda and Yankner, 2013).

On the other hand, metabolic disturbances have been linked to
depression both in cross-sectional and in prospective cohort studies,
showing a bidirectional association between metabolic syndrome and
late-life depression (Almeida et al., 2009; Pan et al., 2012; Viinamaki
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et al., 2009; Vogelzangs et al., 2011). Metabolic disturbances in de-
pression could be explained by a dysregulation of the hypothalamic-
pituitary-adrenocortical axis, a neurobiological signature of depression
(de la Torre-Luque et al., 2016; Mansur et al., 2015; Van Reedt Dortland
et al.,, 2010). Thus, for instance, glucocorticoid-mediated insulin re-
sistance has been identified as a significant mediator in the well-known
association between diabetes and depression. Also, leptin (a circulating
hormone produced by adipose tissue and highly associated with obe-
sity) synthesis is significantly increased in patients with depression due
to the influence of glucocorticoids.

5. Conclusions

Our results highlight that, person-specific trajectories of depression
symptoms should be considered while ageing. Therefore, a more com-
prehensive psychiatric screening, exploring multiple domains (i.e.,
taking into consideration longitudinal aspects as well as patient’s so-
ciodemographic and health profile), becomes essential to make a more
accurate diagnosis and to choose the optimal therapeutic option.
Moreover, an assessment of inflammation and metabolic profiles could
particularly be valuable to improve mental health precision in older
population, as mounting evidence stresses the role of these profiles as
early peripheral markers of depression (Mansur et al., 2015; Raison and
Miller, 2013). Our findings are derived from a sophisticated, robust
methodology, relying on latent factors which capture the common
variability from some observable indicators and allowing studying

underlying profiles or processes. Additionally, our large sample
(coming from a nationally-representative population) allows for en-
suring finding generalisability. As a shortcoming, other more specific
inflammation and metabolic markers (e.g., specific cytokines or oxi-
dative stress markers [Rozing et al., 2019; Vogelzangs et al., 2014])
could have been studied to provide further insight on specific under-
pinnings of depression symptom course. Additionally, longitudinal as-
sessment of inflammation and metabolic markers was missing. How-
ever, this study aimed at providing some body of evidence that allows
clinicians and practitioners implementing screening protocols even at
its earliest stages (e.g., on a primary care basis). On the other hand,
sample with blood markers was much lower than the sample used for
depressive symptom trajectory identification. Attrition analysis re-
vealed the lack of meaningful differences (i.e., differences with at least
medium effect size, considered as an optimal cut-off point when sample
size is very large; Lin et al., 2013) between these both samples, except
in terms of age. Participants with blood sample were younger. This fact
may hinder generalisability of our results to older samples. Further
research should be done to corroborate our findings with very-old
samples. Secondly, our study did not focus on clinical samples (i.e.,
participants with a diagnosed depression). In this regard, we opted for
providing some insight on how inflammatory and metabolic profile on a
community basis to advance in depression diagnosis accuracy and
prevention in the older age (Aragones et al., 2006; Kok and Reynolds,
2017). Finally, most of the profile factors that have been explored in
this study (e.g., multimorbidity, ADL, IADL) relied on self-reports.
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Further research should incorporate more objective measures of these
variables to complement the results aforementioned.

Individualised medicine has provided a valuable insight on un-
iqueness of older patient, as evidenced by heterogeneity in disease
expression and health profiles and treatment response. Our study
highlights how important is to incorporate person-centred assessment
protocols, covering issues across multiple domains (e.g., subjective,
immunological) and considering the longitudinal nature of depression,
in order to contribute to diagnosis precision and intervention decision-
making optimisation. Also, it suggests that inflammation and metabolic
markers may help old people with depression syndromes be monitored
in terms of symptom course and treatment prognosis. Finally, this study
aims at encouraging new lines of treatments for depression, based on
new anti-inflammatory agents (Kohler et al., 2016).
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