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Background
Deficits in frontal lobe perfusion have been demonstrated in late-
life depression; however, studies to date have generally involved
small numbers, used neuroimaging rather than bedside testing
and have not controlled for important covariates.

Aims
We aimed to examine the association between depressive
symptoms and frontal lobe perfusion during standing, in a large
cohort of community-dwelling older people.

Method
Participants aged ≥50 years underwent continuous measure-
ment of orthostatic blood pressure by finometry, and frontal lobe
perfusion by near-infrared spectroscopy. Depressive symptoms
were assessed by the eight-item Centre for Epidemiological
Studies Depression Scale. Real-time frontal lobe cerebral oxy-
genation was measured by the Portalite System, detecting
changes in frontal lobe perfusion and reporting a tissue satur-
ation index score.

Results
Almost 8% (209 out of 2616) had clinically significant depressive
symptoms. Multilevel models demonstrated a significantly lower
tissue saturation index in participants with depressive symptoms

at both 60 and 90 s post-stand, with coefficients of −0.43
(95% CI −0.63 to −0.22) and −0.37 (95% CI −0.57 to −0.16),
respectively. Controlling for relevant covariates did not signifi-
cantly attenuate these associations. After addition of systolic
blood pressure this association was no longer significant, sug-
gesting lower blood pressure may modify this relationship.

Conclusions
This study demonstrates that lower frontal lobe perfusion,
related to lower values of baseline systolic blood pressure, is
associated with clinically significant depressive symptoms in a
cohort of community-dwelling older people. Given the recog-
nised longitudinal association between lower blood pressure
and depression in older people, this may represent a potential
therapeutic target for prevention of incident depression.
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Background

Structural and functional changes in the frontal lobe have been
implicated in late-life depression.1,2 Neuroimaging studies have
demonstrated that older people with late-onset depression have
higher rates of frontal lobe atrophy than controls, as well as their
older counterparts with earlier-onset depression.3,4 White matter
hyperintensities (WMHs), particularly those involving the frontal
lobe, are closely associated with late-life depression and progression
of WMHs is associated with poorer response to treatment.5,6 It is
proposed that these pathological changes in frontal lobe structure
disrupt neural connections along frontostriatal circuits, which are
particularly important in the regulation of mood and cognition.1,2

This is supported by neuroimaging studies demonstrating loss of
functional connectivity,7 and abnormal frontal lobe biochemistry,8

as well as neuropathological studies demonstrating a reduction in
frontostriatal neuronal cell volume, in depressed older people.3,9

Clinically, depression in later life is associated with presentations
such as executive dysfunction and apathy, which are related to
frontostriatal dysfunction.1,2 Depressed older people have demon-
strated poorer scores on formal frontal lobe–related cognitive tests
compared with controls,1 and late-life depression is also closely asso-
ciated with other clinical syndromes where frontostriatal connectivity
has been implicated, including gait disorders, dementia and urinary
incontinence. The frontal lobe is particularly susceptible to damage
by cerebral hypoperfusion10 and conditions affecting cerebral blood
flow, such as systemic hypotension and orthostatic hypotension,
have been shown to increase the risk of incident depression in older
people.11,12 A hypothesised mechanism for this is via reduction in
blood flow to the frontal lobe resulting in frontal WMHs and

altered frontal lobe function.1 Cross-sectional single-photon emission
computed tomography and magnetic resonance imaging (MRI)
studies have shown frontal lobe perfusion deficits in older depressed
participants when compared with controls13,14 and prospectively,
reduced global cerebral perfusion measured by transcranial Doppler
ultrasound is a predictor of greater depressive symptomology in
older people with heart failure at 1-year follow-up.15

However, studies to date examining the association between
frontal lobe cerebral perfusion and depression have involved rela-
tively small numbers and did not control for important clinical con-
ditions such as heart disease or stroke. Studies have also utilised
imaging modalities such as MRI and single-photon emission com-
puted tomography, rather than techniques such as near-infrared
spectroscopy (NIRS). NIRS provides a non-invasive index of
cerebral perfusion based on the finding that light in the near-infra-
red spectrum penetrates the skull and allows measurement of
oxyhaemoglobin and deoxyhaemoglobin concentrations in the
brain.16 It is used extensively in cardiac and other surgery to
measure intra-operative cerebral perfusion on a continuous basis,
and is now available outside these setting as a validated, portable
non-invasive bedside test.17 The aim of this study is to examine
the association between clinically significant depressive symptoms
and frontal lobe cerebral perfusion, measured by NIRS, in a large
cohort of community-dwelling older people, embedded within the
Irish Longitudinal Study on Ageing (TILDA). Furthermore, we will
determine how conditions such as orthostatic hypotension (OH)
and hypotension modify this relationship. The comprehensive
TILDA data-set also allows us to control for important competing
covariates such as heart disease, stroke and antidepressant use.
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Method

Ethics

The study was approved by the Faculty of Health Sciences Research
Ethics Committee at Trinity College Dublin (REC Ref: 1/10/List 37)
and all participants gave informed written consent. All experimental
procedures adhered to the Declaration of Helsinki. All assessments
were carried out by trained research nurses.

Study design

This is a cross-sectional study examining the association between
clinically significant depressive symptoms and frontal lobe cerebral
perfusion, measured by NIRS.

This study is embedded within TILDA, a large population-based
study of a nationally representative sample of community dwelling
older adults aged 50 years and over, with an initial study population
of over 8000 participants.

The TILDA study design has been outlined previously.18We ana-
lysed data from the third wave of TILDA collected between 2014 and
2015. Participants were included in this study if they were aged
50 years or more, and underwent a complete health assessment at
wave 3 including measurement of orthostatic blood pressure, frontal
lobe perfusion by NIRS and screening for depressive symptoms.

Cerebral perfusion and orthostatic blood pressure

Real-time frontal lobe cerebral oxygenation was measured by the
Artinis Portalite System, a portable, continuous-wave NIRS
system, that uses spatially resolved spectroscopy, reporting absolute
values, developed to measure cerebral perfusion.19 The NIRS tech-
nique, first described by Jobsis,20 is based on the property of human
tissue being relatively transparent to light in the near-infrared spec-
trum; by measuring changes in light absorption at different wave-
lengths, the oxygenation of tissue can be monitored continuously.21

An optical sensor is placed on the participant’s forehead, on the
equivalent of the FP1 position in the international 10–20 electrode
system, to measure changes in frontal lobe oxyhaemoglobin and
deoxyhaemoglobin continuously. Tissue saturation index (TSI)
was the primary measure used in this study, and is defined as (oxy-
haemoglobin)/ (oxyhaemoglobin + deoxyhaemoglobin) × 100 and
expressed as a percentage.22

Continuous orthostatic blood pressure was measured in parallel
with this by active stand, using a Finometer Midi (Finopres Medical
Systems, Netherlands) as described previously.23 Briefly, partici-
pants lay in the supine position for 10 min in a quiet room,
before standing in a timely manner (<5 s), and were aided by a
research nurse to mobilise as necessary. Baseline values for TSI
and blood pressure were an average of the readings between
30–60 s before standing. After standing, systolic blood pressure,
diastolic blood pressure, heart rate, oxyhaemoglobin, deoxyhaemo-
globin and TSI were monitored for a further 180 s. Throughout the
recording, participants stood quietly.

OH was defined as a drop in systolic blood pressure≥ 20 mm
Hg or drop in diastolic blood pressure≥ 10 mm Hg at 30 s com-
pared with baseline blood pressure.24 Signal processing included a
median average filter and 10 s moving average filter applied to
both blood pressure and NIRS data. The sampling rate of the
output data was 1 Hz. TSI was recorded continuously during the
active stand but as OH is typically measured at 30, 60 and 90 s,
we focused primarily on TSI at these time points in this study.

Depression

Depressive symptoms were assessed with the eight-item Centre for
Epidemiological Studies Depression Scale (CES-D-8).25 A score of

≥9 was used to define those with clinically significant depressive
symptoms.25 This short-form version of the longer 20-item scale
was utilised in the TILDA study to reduce the time taken to
conduct participant assessments, as well as to reduce respondent
burden and fatigue, and previous work has confirmed its reliability
in comparison to the 20-item CES-D in terms of internal consist-
ency and factor structure within the TILDA cohort.25,26 This was
performed generally within 1 month of measurement of cerebral
perfusion and orthostatic blood pressure.

Other measures

Detailed social and biological data were also collected. Seated sys-
temic blood pressure was measured with an OMRON digital auto-
matic blood pressure monitor (OMRON M10 IT Upper Arm BP
Monitor). Chronic disease burden was defined as the number of
chronic illnesses from the following list: liver disease, kidney
disease, lung disease, cancer, arthritis and diabetes. Cardiac
disease was defined as self-report of angina, prior myocardial
infarct or cardiac failure. Self-report was also elicited for prior
stroke. Cognitive impairment was defined as a Mini-Mental State
Examination score of ≤24.

Medication records were examined with Anatomical
Therapeutic Classification (ATC) codes (https://www.whocc.no/
atc_ddd_index/), which are assigned to the active substances con-
tained in medicines by the World Health Organization based on
the therapeutic indication for the medicine, e.g. all antidepressants
are listed under the ATC code N06A. Medication records were
examined specifically for antidepressant use (ATC codes N06AB
(selective serotonin reuptake inhibitors), N06AX16 (venlafaxine),
N06AX21 (duloxetine), N06AX11 (mirtazapine), N06AX22 (ago-
melatine) and N06AX12 (bupropion)), as well as antihypertensive
use (ATC codes C02 (antihypertensives), C03 (diuretics), C07 (beta-
blockers), C08 (calcium-channel blockers) and C09 (agents acting
on the renin–angiotensin system)).

Statistical analysis

Data were analysed by Stata version 14 (StataCorp for Windows).
Normally distributed continuous variables were described as
mean and s.d. and compared by Student’s t-test. Categorical vari-
ables were compared by the chi-squared test.

Multilevel models with TSI as the dependent variable were used
to compare TSI data across specific time points after standing, i.e.
30, 60 and 90 s, by depressive symptoms. These models assess the
effect of the two-way interaction between depressive symptoms
and time (depressive symptoms × time) on TSI, which accounts
for the fact that TSI at 60 s is significantly influenced by TSI at
30 s, and so on.

Models were adjusted for covariates, which were chosen a priori
based on their hypothesised role in modifying this relationship. Two
models were tested initially: the first model was unadjusted; the
second model was adjusted for age, gender, height and weight,
and for clinical covariates such as cardiac disease, other chronic
diseases, cognitive impairment, stroke and antidepressant use.

Further post hoc analyses were undertaken by testing further
models by adding OH and systolic blood pressure separately to
assess the role blood pressure behaviour had in modifying the rela-
tionship between depression and TSI. This allows us to analyse the
three-way interaction (e.g. depressive symptoms × time × systolic
blood pressure), which allows us to see whether the association
between the two-way interaction of depressive symptoms × time
and TSI differs depending on systolic blood pressure or OH.

To ensure findings were independent of antidepressant use,
subgroups of participants taking these medications were excluded
from the analysis and models were rerun to ensure that findings
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were not significantly different when these groups were omitted. A P
value ≤0.05 was considered statistically significant.

Results

Almost 8% (209 out of 2616) of participants had significant depres-
sive symptoms.

Depressed participants were more likely to be female and taking
antidepressant medication. Baseline characteristics by depression
status are shown in Table 1.

There were no significant differences between groups in terms
of prevalence of cardiac disease, blood pressure, history of stroke
and current antihypertensive drug use.

Figure 1 demonstrates mean absolute TSI after standing by
depressive symptoms, and Fig. 2 presents the mean TSI drop
from baseline by depressive symptoms.

Table 1 Baseline characteristics of study sample by diagnosis of depression

Not depressed (n = 2407) Depressed (n = 209) Statistical test

Age, years, mean (95% CI) 64.5 (64.2–64.8) 63.5 (62.4–64.6) t = 1.75; P = 0.0796; d = 0.13
Females, % (n) 53 (1282/2407) 62 (129/209) χ2 = 5.54; P = 0.019
Systolic blood pressure, mm Hg, mean (95% CI)a 141.0 (140.2–141.9) 140.5 (140.2–141.9) t = 0.33; P = 0.7429; d = 0.10
Cardiac disease, % (n)b

Myocardial infarct 4 (99/2407) 4 (9/209) χ2 = 0.02; P = 0.893
Cardiac failure 1 (12/2407) 1 (3/209) χ2 = 2.96; P = 0.085
Angina 3 (80/2407) 6 (12/209) χ2 = 3.31; P = 0.069

Chronic disease number, % (n)c

0 63 (1515/2407) 46 (96/209) χ2 = 24.13; P < 0.001
1 32 (770/2407) 45 (95/209)
2 5 (114/2407) 8 (17/209)
3 0 (33/2407) 0 (1/209)

Prior stroke, % (n)d 1 (32/2407) 1 (3/209) χ2 = 0.02; P = 0.898
MMSE, mean (95% CI) 29.0 (29.0–29.1) 28.9 (28.8–29.1) t = 0.87; P = 0.3793; d = 0.06
Cognitive impairment, % (n)e 1 (32/2407) 1 (3/209) χ2=0.02; P = 0.898
Orthostatic hypotension, % (n)f

30 s 14 (327/2407) 12 (26/209) χ2 = 0.22; P = 0.642
30 and 60 s 7(163/2407) 5 (10/209) χ2 = 1.23; P = 0.267
30, 60 and 90 s 4 (100/2407) 3 (7/209) χ2 = 0.32; P = 0.573

Antidepressant use, % (n)g 5 (117/2407) 21 (43/209) χ2 = 82.69; P < 0.001
Antihypertensive use, % (n)h 37 (883/2407) 39 (81/209) χ2 = 0.35; P = 0.552

Categorical variables were compared by chi-squared test. Normally distributed continuous variables were analysed by Student t-test. d denotes Cohen’s d-test for effect size. CI, confidence
interval; MMSE, Mini-Mental State Examination.
a. Blood pressure measured in seated position with a OMRON digital automatic blood pressure monitor.
b. Cardiac disease defined as self-report of heart attack, heart failure or angina.
c. Number of chronic diseases from the following list: liver disease, kidney disease, lung disease, cancer, arthritis and diabetes.
d. Stroke defined as self-report of prior stroke.
e. Cognitive impairment defined as Mini-Mental State Examination Score ≤24.
f. Orthostatic hypotension defined as drop in systolic blood pressure ≥20 mm Hg or drop in diastolic blood pressure ≥10 mm Hg at 30 s, 30 and 60 s, and 30, 60 and 90 s, respectively,
compared with baseline blood pressure.
g. Antidepressants are those with Anatomical Therapeutic Classification codes N06AB, N06AX16, N06AX21, N06AX11, N06AX22 and N06AX12.
h. Antihypertensives are those with Anatomical Therapeutic Classification codes C02, C03, C07, C08 and C09.
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Fig. 1 Tissue saturation index (TSI) post-standing stratified by depression status. N = 2616 (depressed n = 209; non-depressed n = 2407). TSI
was measured by near-infrared spectroscopy. Solid lines indicate mean TSI and dashed lines indicate 95% confidence interval, for a given time
point post-standing. TSI at 0 s equates to baseline TSI, i.e. the average of the readings between 30–60 s before standing. Depression status was
based on the eight-item Centre for Epidemiological Studies Depression Scale.
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Fig. 2 Drop in tissue saturation index (TSI) from baseline after standing, by depression status. N = 2616 (depressed n = 209; non-depressed
n = 2407). TSI was measured by near-infrared spectroscopy at baseline (lying down, denoted as 0 s, an average of the readings between 30–60 s
before standing) and 30, 60 and 90 s post-standing. Results frommultilevel modelling with TSI as the dependent variable nested within participant.

Table 2 Multilevel linear regression models with tissue saturation index as dependent variable

TSI Coefficient (95% CI) s.e. z P

Model 1
Depressive symptoms × timea

30 s −0.20 (−0.40 to 0.01) 0.10 −1.89 0.058
60 s −0.43 (−0.63 to −0.22) 0.10 −4.11 <0.001
90 s −0.37 (−0.57 to −0.16) 0.10 −3.54 <0.001

Model 2
Depressive symptoms × timea

30 s −0.21 (−0.42 to −0.01) 0.11 −2.01 0.044
60 s −0.46 (−0.66 to −0.25) 0.11 −4.33 <0.001
90 s −0.39 (−0.60 to −0.19) 0.11 −3.75 <0.001

Random-effects parameters
Estimate (95% CI) s.e.

Variance of constant 21.6 (20.4–22.8) 0.61
Variance of residual 1.04 (1.00–1.07) 0.02

Model 3: orthostatic hypotension added to model 2
Depressive symptoms × time × OHb

30 s 0.28 (−0.35 to 0.90) 0.32 0.88 0.381
60 s −0.00 (−0.62 to 0.62) 0.32 −0.00 0.998
90 s −0.04 (−0.67 to 0.58) 0.32 −0.14 0.889

Model 4: systolic blood pressure added to model 2
Depressive symptoms × time × systolic blood pressurec

30 s, systolic blood pressure <120 mm Hg −0.68 (−1.17 to −0.18) 0.25 −2.67 0.008
30 s, systolic blood pressure 140–159 mm Hg −0.30 (−0.83 to 0.24) 0.27 −1.09 0.276
30 s, systolic blood pressure ≥160 mm Hg −1.18 (−2.05 to −0.31) 0.44 −2.66 0.008
60 s, systolic blood pressure <120 mm Hg −0.53 (−1.03 to −0.03) 0.25 −2.09 0.036
60 s, systolic blood pressure 140–159 mm Hg −0.09 (−0.62 to 0.45) 0.27 −0.31 0.754
60 s, systolic blood pressure ≥160 mm Hg −0.76 (−1.62 to 0.11) 0.44 −1.70 0.088
90 s, systolic blood pressure <120 mm Hg −0.54 (−1.03 to −0.04) 0.25 −2.13 0.033
90 s, systolic blood pressure 140–159 mm Hg −0.12 (−0.65 to 0.42) 0.27 −0.42 0.671
90 s, systolic blood pressure ≥160 mm Hg −0.45 (−1.32 to 0.41) 0.44 −1.03 0.305

Model 5: model 2 with antidepressant users excluded
Depressive symptoms × timed

30 s −0.24 (−0.47 to −0.01) 0.12 −2.04 0.041
60 s −0.45 (−0.68 to −0.22) 0.12 −3.88 <0.001
90 s −0.40 (−0.63 to −0.17) 0.12 −3.42 0.001

N = 2616. Results frommultilevel modellingwith TSI as the dependent variable. Model 1 is unadjusted; model 2 controls for age, gender, height, weight, number of chronic diseases, cognitive
impairment, cardiovascular disease, stroke and antidepressant and antihypertensive use. Orthostatic hypotension defined as drop in systolic blood pressure ≥20 mm Hg or drop in diastolic
blood pressure ≥10 mmHg at either 30, 60 or 90 s post-stand, comparedwith baseline blood pressure; systolic blood pressuremeasured twice in seated position with an OMRON digital cuff,
with the average of values then taken. Reference value is systolic blood pressure 120–139 mm Hg. CI, confidence interval; OH, orthostatic hypotension; TSI, tissue saturation index.
a. Depressive symptoms × time denotes the two-way interaction between depressive symptoms and time after standing, allowing us to account for the fact that TSI at 60 s after standing is
significantly influenced by TSI at 30 s and so on.
b. Depressive symptoms × time × OH denotes the three-way interaction between depressive symptoms, time after standing and OH and shows that the effect of the two-way interaction
between depressive symptoms and time on TSI is not modified by the presence or absence of OH.
c. Depressive symptoms × time × systolic blood pressure denotes the three-way interaction between depressive symptoms, time and systolic blood pressure and demonstrates that the
effect of the two-way interaction between depression and time on TSI is significantly affected by systolic blood pressure, i.e. it is only persistently significant (at 30, 60 and 90 s) in those with
systolic blood pressure < 120 mm Hg.
d. Depressive symptoms × time demonstrates that results are not significantly changed when antidepressant users are excluded from analyses.
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As presented in Table 2, the time × group interactions
revealed significantly lower TSI in participants with depressive
symptoms compared with the non-depressed group at both
60 and 90 s post-stand, with coefficients of −0.43 (95% CI −0.63
to −0.22, z =−4.11, P < 0.001) and 0.37 (95% CI −0.57 to −0.16,
z =−3.54, P < 0.001), respectively. Controlling for age, gender and
clinical covariates such as cardiac disease, stroke and antidepressant
use did not significantly attenuate these associations. Depressive
symptoms were not associated with TSI at 30 s post-stand in
unadjusted models. Full outputs from regression models are
shown in supplementary material available at https://doi.org/10.
1192/bjp.2018.288.

The depressive symptoms × time interaction was not modified
by OH, suggesting that coexisting OH does not influence the rela-
tionship between depressive symptoms and TSI across these time
points (see Table 2, model 3).

However, after addition of systolic blood pressure to model 5,
depressive symptoms × time interaction was no longer significant,
suggesting that systolic blood pressure may modify the association
between depressive symptoms and frontal lobe perfusion. At 30,
60 and 90 s post-stand, there is a significant drop in TSI in those
who had depressive symptoms with systolic blood pressure
<120 mm Hg, compared with non-depressed participants with
normal blood pressure. This is also the case for those who have
depressive symptoms with high systolic blood pressure values
(≥160 mm Hg) at 30 s (see Table 2, model 4).

Table 2 also demonstrates that findings remained robust after
rerunning analyses with exclusion of all participants taking anti-
depressant medication.

Discussion

This study shows that, in a cohort of community-dwelling older
people, participants with depressive symptoms had lower frontal
lobe perfusionmeasured by NIRS after standing, and that depressive
symptoms were associated with a more significant drop in frontal
lobe perfusion at both 30, 60 and 90 s, when controlling for import-
ant covariates including prior stroke, heart disease and cognitive
impairment.

Further analyses found that this association was not modified
significantly by orthostatic hypotension and was also independent
of antidepressant use. However, addition of systolic blood pressure
to the analysis demonstrated that the association between depres-
sive symptoms and TSI was only persistent across time points in
those with systolic blood pressure < 120 mm Hg, suggesting that
lower systolic blood pressure in depressed individuals may be the
predominant driver of this association.

Although the degree of drop in TSI we demonstrate in this study
is relatively small (0.5–1%), it is likely to be significant, given that
prior work has shown that patients with spontaneous vasovagal
syncope undergoing tilt table testing had a change in TSI of 4.5%
(±3.0%),27 and that the changes observed in this study are provoked
only by changing from a supine to standing position, which is likely
to occur multiple times per day/week.

These findings are supported by prior neuroimaging studies
showing a similar association between late-life depression and
both global and frontal cerebral perfusion.11,12 Smaller studies uti-
lising NIRS have also demonstrated similar disparities between
depressed and non-depressed participants when undertaking cogni-
tive tasks.28,29 However, our findings are cross-sectional and the dir-
ection of the relationship between frontal lobe cerebral perfusion
and depressive symptoms remains uncertain, with limited longitu-
dinal analyses to date.

There is also some evidence that remission of depression leads
to subsequent improvements in cerebral blood flow in specific
brain regions, including the frontal lobe, suggesting that frontal
lobe perfusion deficits may form part of the clinical syndrome of
depression in later life. Rather than representing a factor in the aeti-
ology of depression, it may be that these deficits are related to
reduced demand in the context of frontal hypoactivity, and that
they may respond to appropriate therapy, such as antidepressants
or electroconvulsive therapy.30,31 Furthermore, the disparity in
frontal lobe perfusion between depressed and non-depressed
participants that we have demonstrated is significant only when
standing, and not at rest. This may be related to the fact that
when we stand, blood pressure and therefore cerebral perfusion
generally drop, and although baroreflexes act to return these to
baseline, blood flow is preferentially directed toward the most
metabolically active brain regions and given the reduced frontal
lobe activity seen in depression, blood flow may be compromised
there temporarily.

Conversely, there is also some evidence that cerebral perfusion
deficits may have a role in the aetiology of depression in later life.
WMHs have been implicated in late-life depression and it has
been shown that these lesions can be caused by strategic deficits
in cerebral perfusion.32 Depression has been identified as a potential
prodromal feature of dementia and pathological changes in brain
perfusion have also been identified during this prodrome.
Depression in later life has also been also been independently asso-
ciated with other conditions where global cerebral hypoperfusion
occurs, including unexplained falls and syncope.33 Additionally,
conditions causing global cerebral hypoperfusion, such as ortho-
static hypotension or chronically low blood pressure, have been
shown to increase the risk of incident depression in older
people.11,12

Understanding the nature of the link between incident
depression and cerebral perfusion is important because cerebral
blood flow is potentially modifiable. Factors such as alcohol
intake, blood pressure and cognitive training may influence cere-
bral blood flow.34 Exercise has also been shown to enhance cere-
bral blood flow in older people, as well as improving remission
rates in late-life depression when added to standard therapy.35

Other factors we have shown in this study that are independently
associated with frontal lobe perfusion include heart disease and
higher weight. Lower blood pressure, as well as OH, is signifi-
cantly associated with lower frontal lobe TSI, whereas higher
values of systolic blood pressure are also associated with higher
TSI values at 90 s after standing.

There are some limitations of this study that should be noted.
Depressive symptoms were assessed with the CES-D-8 rather
than the gold-standard structured psychiatric interview. However,
the eight-item CES-D has been well validated in the TILDA
population.25,26 Furthermore, data is cross-sectional with no pro-
spective follow-up to determine a longitudinal relationship
between cerebral perfusion and depressive symptoms.
Information regarding chronic illnesses, such as diabetes or
stroke, are based on self-report and may therefore be subject to
self-report bias and under-reporting. Importantly, although we con-
sider that cerebral hypoperfusion may cause frontal white matter
disease, we do not have access to structural neuroimaging, such as
MRI, which would help confirm this association. However, prior
studies have demonstrated a significant association between cere-
bral perfusion and WMH burden.32

The strengths of this study include the well-described large
population-based cohort of older people involved. This is the
largest study to date examining the association between NIRS and
depressive symptoms in older people and controls for important
covariates such as cardiovascular disease and antidepressant use,
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which has not been a feature of studies, including those using neu-
roimaging techniques, up to now. This study also shows that it is
feasible for a large population of older people to undergo bedside
testing with NIRS for cerebral perfusion analysis. NIRS is
non-invasive, portable and given the results we have demonstrated,
could therefore potentially be used as a biomarker of either risk or
response to treatment in late-life depression.

In conclusion, we have demonstrated that lower frontal lobe
perfusion, related to lower baseline systolic blood pressure, is asso-
ciated with clinically significant depressive symptoms in a cohort of
community-dwelling older people. Given the recognised longitu-
dinal association between lower blood pressure and depression in
older people, this may represent a potential therapeutic target for
prevention of incident depression.
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psychiatry in
literature

Dostoyevsky’s Brothers Karamazov as essential psychiatric text

Jeremy Holmes

Dostoyevsky’s The Brothers Karamazov is generally considered one of the greatest works of the 19th Century. It
was Freud’s favourite novel, embodying his contention that parricide is a universal human – or at least male –

wish, and that its associated guilt lies at the root of the religious impulse. For bipolar Virginia Woolf,
Dostoyevsky ‘alone among writers has the power of reconstructing those most swift and complicated states
of mind’.

Despite its iconic status, Brothers Karamazov is a complex assembly of styles, stories and genres – whodunnit,
the science-versus-religion debate, epilepsy symptomatology, chauvinistic celebration of the Russian spirit,
courtroom drama and forensic psychiatry dilemma. The story centres around four brothers and the murder of
their ‘sensualist’, neglectful and much-married father, Fyodor. Each brother embodies states of mind with
which psychiatrists need to be familiar. Despite the prosecutor’s dismissal of an insanity (or ‘aberration’) defence,
Dmitri surely suffers from a mood disorder. He is subject to bouts of manic activity, is often violent, hypersexual,
profligately spendsmoney (his own and other peoples’), constantly changes his mind and, unable to differentiate
wish from action, confesses to a crime he hasn’t committed.

His half-brother Ivan, ultra-rationalist, existentialist prototype (much admired by Camus and Sartre) annunciates
the book’s principal themes: (a) without God, ‘are all things possible?’ and (b) ‘everyone wishes their father dead’.
Ivan is the intertextual ‘author’ of the famous Grand Inquisitor section in which the worldly torturer explains that a
contemporary Christ would have to be liquidated. Ivan is mostly cut off from his feelings but, delirious from infec-
tion, he hallucinates a Devil-Avatar with whom he has a prolonged and profound dialogue about the nature and
necessity of evil.

The third son, Smerkyadov, Fyodor’s ‘natural’ child, is, as we would now say, ‘on the spectrum’: clever and cal-
culating, interpersonally challenged and (spoiler coming) self-confessedly the murderer.

The fourth son and the book’s hero is the saint-like proto-therapist Alyosha. Alyosha’s honesty, composure and
empathy are examples to all in the helping professions. His guru is Father Zosima, an all-accepting, all–forgiving
libertarian monk, whose humanity and cheerfulness counterbalance the novel’s unremitting dark themes.

There is also a host of vivid minor characters. Kolya, the precocious adolescent, all brilliance and self-doubt; Lisa,
the self-harming teenage girl in love with Alyosha; Ratikin the scheming proto-Marxist intellectual, a step away
from the oncoming Russian terrorism; a pompousMoscow doctor, all self-importance, avarice and denigration of
local services; eloquent lawyers for the prosecution and defence.

Brothers Karamazov was written in the aftermath of Dostoyevsky’s 3-year-old son’s death from epilepsy. The
book is suffused with a sense of loss and grief. Its exploration of father–son relationships – Alyosha and
Zosima, Fyodor and his sons, the Pope and his flock, God himself – speaks to our contemporary problematicmas-
culinities. (By contrast, Dostoyevsky is notoriously weak at depicting women: Brothers Karamazov’s main female
characters are little more than caricatures: Katarina, hell-hath-no-fury rejected lover and tart-with-a-heart
Grushenka.)

The book concludes with the poignant funeral of Kola’s playmate, Ilusha. Alyosha, father-like, enjoins the boy’s
assembled school friends to transcend their loss: ‘… some good sacredmemory preserved from childhood is the
best education. If aman carriesmany suchmemories with him into life, he is safe to the end of his days, and if one
has only one good memory left in one’s heart, even that may sometime be the means of saving us’. Innocence,
love, reciprocity, relationship: Brothers Karamazov offers lessons in true resilience which our target-obsessed,
ahistorical culture – psychiatry not excepted – needs urgently to relearn.

Copyright © The Royal College of Psychiatrists 2019

The British Journal of Psychiatry (2019)
214, 236. doi: 10.1192/bjp.2019.27

Briggs et al

236
https://doi.org/10.1192/bjp.2018.288 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.2018.288

	The association between frontal lobe perfusion and depressive symptoms in later life
	Outline placeholder
	Background

	Method
	Ethics
	Study design
	Cerebral perfusion and orthostatic blood pressure
	Depression
	Other measures
	Statistical analysis

	Results
	Discussion
	Supplementary material
	Funding
	References


