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The authors’ objective was to investigate the associations of body mass index (BMI; weight (kg)/height (m)2)

and blood pressure with the risk of developing depression in a large sample of elderly French participants (aged

≥65 years) followed for 10 years (Dijon portion of the Three-City Study, 1999–2010). Depression was defined as

either having major depressive symptoms according to the Mini-International Neuropsychiatric Interview or

taking antidepressant medication. The authors fitted marginal structural models to examine the relations of BMI

and blood pressure with depression. Among subjects who were depression-free at baseline (n = 3,090), 478

developed incident depression over 10 years of follow-up. The analyses showed that after baseline values and

time-dependent confounders were controlled, subjects with high BMI at follow-up had an increased adjusted risk

of developing depression compared with subjects with normal BMI (risk ratio = 1.60, 95% confidence interval:

1.03, 2.51). Compared with subjects with normal blood pressure, those with high blood pressure were not at

increased risk of incident depression, whereas those with low blood pressure had a higher risk of developing

depression. These findings provide some epidemiologic support for implication of lifestyle risk factors in the de-

velopment of depression in the elderly. Future studies should focus on evaluating lifestyle and obesity interven-

tions among the elderly.

aging; blood pressure; body mass index; depression; epidemiologic methods; models, statistical

Abbreviations: BMI, body mass index; 3C-Dijon Study, Dijon portion of the Three-City Study; CES-D Scale, Center for Epidemi-

ologic Studies Depression Scale; CI, confidence interval; IPCW, inverse probability of censoring weight; IPTW, inverse probabil-

ity of treatment weight; MINI, Mini-International Neuropsychiatric Interview; MSM, marginal structural model.

Depression is the most common mental illness in older
adults, with concomitant effects on morbidity, mortality,
and quality of life. Although sociodemographic and psy-
chological risk factors are now well-established, there is
mounting interest in the search for modifiable risk factors
that simultaneously affect depression and other chronic co-
morbidity in the elderly. Hypertension and body mass
index (BMI) are among these modifiable risk factors that
are increasingly being discussed.
The relation between depression and hypertension (or

high blood pressure) in the elderly has been previously in-
vestigated, but the results have been heterogeneous, and
longitudinal studies of population-based samples are scarce.

Some studies found that high blood pressure is a risk factor
for depression (1, 2), whereas others failed to confirm this
relation (3, 4). Moreover, other studies have suggested that
baseline low blood pressure could be associated with in-
creased risk of developing depression in the elderly (5, 6).
Adjusted associations between BMI and depression have

been reported in several cross-sectional analyses, showing
an increased risk of developing depression in obese or over-
weight subjects (7, 8), but longitudinal studies in elderly
persons are rare (4, 9). To our knowledge, no studies have
investigated the relation between modifiable factors and de-
pression in a longitudinal study among elderly persons with
repeated measurements of exposure and outcome.
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The underlying mechanisms for a causal effect of these
factors on depression onset are not fully understood. One
plausible scenario is that the exposures could be risk
factors for vascular brain lesions, especially in the frontal
and subcortical areas, which play a key role in mood regu-
lation (10). One of the main problems in interpreting an
association between vascular factors and depression is that
much of the evidence is based on observational data, from
which causal inferences are necessarily limited (2).

One way to deal with this limitation is to apply causal
models to available observational information. In particular,
marginal structural models (MSMs) can provide robust esti-
mators of the causal effect of a time-dependent exposure in
the presence of time-dependent covariates that may be
confounders and intermediate variables at the same time
(11, 12). This approach has not yet been applied to the
study of putative modifiable risk factors inducing depres-
sion, mainly because of the lack of thorough follow-up data
on both exposures and covariates. The association between
depression and modifiable risk factors represents a scenario
typical of the analyses for which MSMs were created:
causal effects that vary longitudinally such that exposures
can affect subsequent exposures and covariates, which then
become confounders in the later time steps.

In an attempt to understand the magnitude, direction, and
nature of the causal association between blood pressure,
BMI, and depression, we applied the MSM method to a
large population-based cohort of elderly persons followed
up for 10 years.

MATERIALS AND METHODS

Sample

The Three-City Study is a multicenter cohort study being
conducted in 3 French cities (Bordeaux, Dijon, and Mont-
pellier) that was designed to estimate dementia risk attribut-
able to vascular factors. A sample of noninstitutionalized
subjects aged 65 years or more was randomly selected from
the electoral rolls. Among them, 9,294 subjects agreed to
participate and were enrolled between January 1999 and
March 2001. Eligibility criteria included living in the city,
being registered in electoral rolls in 1999, being aged 65
years or older, and not being institutionalized. The study
protocol has been published in detail elsewhere (13) and
was approved by the Ethical Committee of the University
Hospital of Kremlin-Bicêtre. Each participant gave written
informed consent. The current analysis was based on the
Dijon subsample (3C-Dijon Study), which was followed up
for 10 years (Figure 1).

Data collection

During each study wave, data were collected at the partic-
ipants’ homes by a trained psychologist during face-to-face
interviews, using a standardized questionnaire. Information
about demographic background, marital status, occupation,
medical history, and personal habits was collected. All med-
ications used during the preceding month were recorded
based on medical prescriptions and drug packages shown

by the participant. Names of medications were coded
according to the Anatomic-Therapeutic-Chemical classifi-
cation of the World Health Organization. Assessment of
cognitive performance included administration of the Mini-
Mental State Examination (14).

Measure of depression

Depressive symptomatology was evaluated with the
Center for Epidemiologic Studies Depression Scale (CES-
D Scale) (15), a 20-item rating scale developed to assess
the past-week frequency and severity of depressive symp-
toms in epidemiologic studies. A high level of depressive
symptoms was defined as a CES-D score greater than or
equal to 17 for men and greater than or equal to 23 for
women (16).

The Mini-International Neuropsychiatric Interview
(MINI) (17) was used to assess the existence of lifetime
major depressive episodes. The MINI is a short, structured
diagnostic interview that was developed jointly by psychia-
trists and clinicians to identify psychiatric disorders (Diag-
nostic and Statistical Manual of Mental Disorders, Fourth
Edition, and International Classification of Diseases, Tenth
Revision) for clinical trials and epidemiologic studies.

During follow-up, a subject was considered to have an
incident case of depression if he or she fulfilled criteria for
a current episode of major depression (based on the MINI)
or reported use of antidepressant medication and had not
been depressed in any of the previous study waves. In the
4-year follow-up wave, because the MINI was not adminis-
tered, persons with incident depression were identified as
those having a high level of depressive symptoms (based
on CES-D score) and/or taking antidepressants at that time.

Blood pressure measurement

Measures of systolic and diastolic blood pressure were
obtained in each study wave from 3 measurements taken on
the right arm after 2 minutes’ rest in a sitting position,
using a mercury sphygmomanometer. The mean of the 3
measurements was used for the analyses. Subjects were
considered hypertensive if systolic blood pressure was
greater than or equal to 140 mm Hg or diastolic blood pres-
sure was greater than or equal to 90 mm Hg or they were
using antihypertensive medication. Subjects were also cate-
gorized as having low blood pressure if systolic blood pres-
sure was less than 120 mm Hg or diastolic blood pressure
was less than 75 mm Hg (18). Blood pressure was consid-
ered normal if systolic blood pressure was 120– < 140 mm
Hg or diastolic blood pressure was 75– < 90 mm Hg.

Body mass index

Weight and height were measured in each study wave
and used to calculate BMI as the ratio of weight (kg) to the
square of height (m2). Subjects were categorized as
normal-weight (BMI <25), overweight (BMI 25– < 30), or
obese (BMI ≥30).
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Confounders

Education was dichotomized as a low level of education
versus a high level (baccalaureate degree or higher). Self-
reported general health was categorized as good, medium, or
poor. Marital status was categorized as single or not single.
Smoking status was classified as current smoker, past
smoker, or never smoker. Alcohol consumption was the re-
ported number of drinks per week and was categorized into
quartiles. Participants were asked whether they were being
treated for hypercholesterolemia or diabetes at each follow-
up. We recorded medical prescriptions for all medications
used during the preceding month. Baseline physical activity
was self-reported as a variable assessing the daily duration of
walking and other activities (never, sometimes, or regularly).

Statistical methods

Subjects with baseline depression were excluded from
the analysis, leaving an analytic sample of 3,090 persons

who were free of depression at baseline (Figure 1). Binomi-
al MSMs were fitted to estimate the adjusted effects of
blood pressure and BMI on depression.
The MSM (19, 20) is a statistical tool that may be used in

the presence of time-varying exposure and time-dependent
confounders (11, 12, 19). MSM coefficients are estimated
using the inverse probability of treatment weight (IPTW)
(21). For each individual, at each follow-up, we estimated
the probability of receiving the exposure that the individual
actually received, conditional on the observed fixed and
time-varying covariates up to that time. Participants were
then weighted by the inverse of their predicted probability
of exposure in order to create a “pseudopopulation” consist-
ing of fractional copies of each subject.
Subjects who are underrepresented in exposure assign-

ment, given their covariates and previous exposures, receive
proportionally higher weights, while persons who are highly
represented in exposure assignment, conditional on the past,
receive proportionally lower weights. One therefore obtains
comparable populations in terms of the propensity to be

Figure 1. Selection of the baseline and follow-up samples in the Dijon portion of the Three-City Study, Dijon, France, 1999–2010. (BMI, body
mass index).
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exposed at each time point, as a function of past measures.
The resulting “pseudopopulation” is balanced with regard to
the distribution of potential confounders across exposure
levels and can thus be used to estimate the unconfounded
relation between exposure and outcome under the assump-
tions of exchangeability, consistency, positivity, and correct
specification of the models (22, 23).

To deal with censoring, we calculate weights for the
probability of remaining uncensored up to time t. Each indi-
vidual observation is weighted by the IPTW multiplied by
the inverse probability of censoring weight (IPCW). The
outcome of interest was depression, coded as a binary
variable. The primary exposure was blood pressure and the
secondary exposure was BMI, both coded as 3-level cate-
gorical variables; the third exposure was hypertension.
IPTWs were estimated from predicted probabilities obtained
by means of logistic and polytomous logistic models. We
used logistic models to obtain censoring weights, where the
outcome was whether or not the individual was censored at
that time (persons who were lost to follow-up were coded as
1; participants were coded as 0 otherwise). Polytomous re-
gression was used to obtain the weights for each category of
the exposures. In those models, blood pressure, hyperten-
sion, and BMI were the dependent variables.

Simple IPTW can result in excessively large weights,
and these weights can fail to be approximately normally
distributed. Therefore, we used stabilized weights to reduce
variability and improve the precision of the estimates (24).
A stabilized version of the IPTW is

swi ¼
Yt

k¼0

Pr½CðkÞ ¼ 0j�Cðk � 1Þ ¼ 0; �Aðk � 1Þ
¼ �aiðk � 1Þ;V ¼ vi�

Pr½CðkÞ ¼ 0j�Cðk � 1Þ ¼ 0; �Aðk � 1Þ
¼ �aiðk�1Þ; �Lðk � 1Þ ¼ �liðk � 1Þ�;

where C(k) represents the censored status at time k, A(k)
represents the exposure at time k, Ā (k− 1) represents the
exposure history prior to time k, V represents the vector of
baseline covariates, and �L represents the vector of time-
varying covariates through time k, which includes baseline
variables V.

For the stabilized IPTW, the numerator of the weights
contains all covariates measured at baseline (age, sex, edu-
cational level, physical activity, and marital status), as well
as baseline blood pressure or BMI, while the denominator
contains baseline and time-varying confounders (tobacco
use, alcohol consumption, BMI, blood pressure, hypercho-
lesterolemia, antihypertensive treatment, general health,
global cognition, and diabetes).

A stabilized version of the IPTW is

swiðtÞ ¼
Yt

k¼0

Pr½AðkÞ ¼ aiðkÞj�Aðk � 1Þ
¼ �aiðk � 1Þ;V ¼ vi�

Pr½AðkÞ ¼ aiðkÞj�Aðk � 1Þ
¼ �aiðk � 1Þ; �LðkÞ ¼ �liðk � 1Þ�

,

where Ā (−1) = 0 and �Cð�1Þ ¼ 0, A(k) represents the expo-
sure at time k, Ā (k − 1) represents the exposure history

prior to time k, V represents the vector of baseline covari-
ates, and �L represents the vector of time-varying covariates
through time k, which includes baseline variables V. We
use the collapsible risk ratio measure, as opposed to an
odds ratio or hazard ratio, to allow for a direct comparison
between the standard model and the MSM (25). We used
estimates from Poisson regression if the binomial model
did not converge. We used PROC GENMOD in SAS
(release 9.1; SAS Institute, Inc., Cary, North Carolina) to
fit the final weighted pooled models.

To evaluate risk factors for blood pressure and BMI, we
used χ2 tests for categorical variables and analysis of vari-
ance for continuous variables. We fitted 3 generalized esti-
mating equations models, with an independent working
correlation matrix, to evaluate the relation between depres-
sion and each exposure. The first model adjusted for all
baseline variables (including BMI and blood pressure); the
second adjusted for time-fixed covariates (sex, age, educa-
tional level, physical activity, and marital status) and time-
varying variables (BMI/blood pressure, tobacco use, alcohol
consumption, hypercholesterolemia, antihypertensive treat-
ment, general health, global cognition, and diabetes) without
IPTW; and the last model was the weighted MSM. When
BMI was the main exposure, we adjusted for blood pressure
and vice versa. The final binomial MSM was

logðPr½DðtÞ ¼ 1jDðt � 1Þ ¼ 0; �AðtÞ;V ; L�Þ
¼ b0ðtÞ þ b1AðtÞ þ b2V1 þ b2V2 . . .

bkVkþ . . . bxLx,

where D is depression, A is either blood pressure or BMI,
the V’s are baseline covariates, and the L’s are time-varying
covariates.

We tested interactions by adding interaction terms to the
final models, but none were significant (P < 0.10).

RESULTS

Baseline characteristics of the sample are displayed in
Table 1. The mean age of the participants was 73.5 years
(standard deviation, 4.8), and 60% of the sample was
female. Forty percent of participants were overweight, and
13.2% were obese. Seventy-nine percent of the sample had
high blood pressure, and 4% had low blood pressure.

Table 2 shows baseline factors associated with blood
pressure and BMI. Overweight, obesity, and high blood
pressure were more prevalent in men. Age was associated
with blood pressure but not with BMI. Subjects with diabe-
tes, subjects with hypercholesterolemia, smokers, and
alcohol drinkers had higher blood pressure and BMI.
Lower cognition, lower physical activity, and a lower edu-
cational level were related to higher BMI and higher blood
pressure. In addition, BMI and blood pressure were highly
correlated; overweight or obese subjects were more likely
to be hypertensive than normal-weight subjects. The preva-
lence of self-reported poorer health was substantially lower
in subjects with high blood pressure than in hypotensive or
normotensive subjects. Subjects with high blood pressure
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and high BMI had a lower educational level than subjects
with normal or low blood pressure.
Among subjects who were depression-free at baseline

(n = 3,090), 478 developed incident depression over the 10
years of follow-up. Adjusted risk ratios and 95% confi-
dence intervals for the estimated relations of BMI, hyper-
tension, and blood pressure with depression are shown in
Table 3. For each exposure-outcome relation, the table
shows 3 models; the first represents the effect estimates ad-
justed only for baseline variables, the second is the un-
weighted model adjusting for baseline and time-varying
covariates as a standard regression model, and the third is
the MSM adjusted for baseline variables and time-varying
covariates through IPTW and IPCW. Having a high BMI is
a risk factor for depression in the elderly, but the relation
was observed only for obesity. In the first two models,
obese subjects had a 1.5 times’ higher risk of developing
depression (risk ratios were 1.48 (95% confidence interval

(CI): 1.00, 2.27) and 1.54 (95% CI: 1.02, 2.36), respective-
ly) compared with normal-weight subjects. The MSM
showed similar findings: In the fully adjusted models,
among subjects with the same BMI category at baseline,
high BMI at follow-up implied a 60% increased risk of de-
veloping depression compared with normal BMI at follow-
up. Hypertension was not associated with depression risk.
When blood pressure was studied in 3 categories ranging
from low to high, in comparison with the normal blood
pressure group, we observed an association between low
blood pressure and depression onset during follow-up (risk
ratio = 1.70, 95% CI: 1.16, 2.48). Adjustment for time-
varying covariates in the standard and MSM models pro-
duced similar results.
Web Table 1 and Web Table 2 show the distributions of

the stabilized and unstabilized weights across time intervals
for associations of depression with BMI and blood pres-
sure, respectively. Stabilized weights have a mean value

Table 1. Demographic Characteristics of Participants at Baseline and at the 10-Year Follow-up in the Dijon

Portion of the Three-City Study, Dijon, France, 1999–2010

Entire Sample at Baseline
(n = 3,090)

Participants With Follow-up
Visit at 10 Years (n = 1,744)

% Mean (SD) % Mean (SD)

Female sex 59.9 62.6

Age, years 73.5 (4.8) 72.5 (4.5)

Low educational level 66.3 64.0

Single marital status 39.8 41.2

Subjective health

Good 63.3 68.1

Medium 34.0 30.0

Poor 2.7 1.8

Physical activity

Never 55.6 52.4

Sometimes 33.5 35.4

Regularly 10.9 12.2

Diabetes 9.0 8.4

Hypercholesterolemia 35.8 35.9

Alcohol consumption, g/day 12.6 (14.1) 12.2 (13.6)

Tobacco use

Never smoker 61.4 63.4

Former smoker 33.3 31.6

Current smoker 5.2 5.0

Body mass indexa 25.7 (4.0) 25.5 (3.8)

Systolic blood pressure in mm Hg 149.9 (22.7) 147.9 (21.8)

Diastolic blood pressure in mm Hg 84.4 (11.5) 84.3 (11.5)

Hypertensionb 79.1 75.8

MMSE score 27.5 (1.8) 27.8 (1.6)

Use of antihypertensive medication 47.5 42.6

Abbreviations: MMSE, Mini-Mental State Examination; SD, standard deviation.
a Weight (kg)/height (m)2.
b Defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg or use of

antihypertensive medication.
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Table 2. Factors Associated With Blood Pressure and Body Mass Index at Baseline in the Dijon Portion of the Three-City Study, Dijon, France, 1999–2010

Blood Pressurea

P Valueb

Body Mass Indexc

P ValueNormal (n = 520) High (n = 2,444) Low (n = 126) Normal (n = 1,457)
Overweight
(n = 1,226)

Obese (n = 407)

% Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD)

Female sex 68.5 57.1 78.6 <0.0001 67.6 50.5 60.4 <0.0001

Age, years 72.3 (4.5) 73.9 (4.8) 71.2 (4.3) <0.0001 73.6 (4.9) 73.4 (4.4) 73.3 (4.5) 0.31

Low educational level 60.8 67.8 61.9 0.005 62.9 66.8 77.2 <0.0001

Single marital status 41.9 38.9 49.2 0.04 43.7 38.1 44.8 0.002

Physical activity 0.02 <0.0001

Never 53.5 56.6 45.2 50.7 55.9 72.2

Sometimes 32.6 33.3 41.1 36.2 34.1 22.3

Regularly 13.9 10.1 13.7 13.1 10.0 5.5

Subjective health 0.03 0.15

Good 67.2 62.1 71.8 64.3 63.8 58.4

Medium 29.9 35.3 25.0 32.8 33.6 39.4

Poor 2.9 2.6 3.2 2.9 2.6 2.2

Diabetes 3.5 8.4 0.8 <0.0001 4.3 8.2 14.9 <0.0001

Alcohol consumption, g/day 10.9 (11.5) 13.2 (14.7) 8.6 (10.7) <0.0001 11.2 (12.1) 14.0 (15.2) 13.3 (16.8) <0.0001

Tobacco use 0.0003 <0.0001

Never smoker 67.7 59.7 69.1 68.0 54.6 58.5

Former smoker 27.5 35.2 22.2 26.2 40.6 37.1

Current smoker 4.8 5.1 8.7 5.8 4.7 4.4

Body mass index 24.6 (3.6) 26.1 (4.0) 23.1 (3.1) <0.0001

MMSE score 27.8 (1.7) 27.5 (1.8) 28.0 (1.7) 0.0001 27.7 (1.8) 27.5 (1.8) 27.2 (1.9) <0.0001

Hypertension 71.9 84.3 89.4 <0.0001

Hypercholesterolemia 31.0 37.1 29.4 0.009 32.3 39.6 36.4 0.0004

Abbreviations: MMSE, Mini-Mental State Examination; SD, standard deviation.
a Low blood pressure was defined as systolic blood pressure <120 mm Hg or diastolic blood pressure <75 mm Hg. High blood pressure (hypertension) was defined as systolic blood

pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg or use of antihypertensive medication. Blood pressure was considered normal otherwise.
b Based on the chi-square test for categorical variables and analysis of variance for continuous variables.
c Body mass index (weight (kg)/height (m)2) was classified as normal (<25), overweight (25–<30), or obese (≥30).
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close to 1 and a narrower range, as also shown in Web
Figure 1.
Stratified analyses were performed by age, sex, and edu-

cational level. For obesity and low blood pressure, estimat-
ed effects were stronger in men and in subjects with a low
educational level, but all interaction-term P values were
greater than 0.10.

DISCUSSION

In a large cohort of elderly subjects, BMI was associated
prospectively with depression risk. Subjects with higher
BMI at follow-up had an increased risk of developing de-
pression over a 10-year follow-up period compared with
subjects with normal weight, holding baseline values con-
stant. Compared with subjects in the normal blood pressure
range, subjects with low blood pressure had an increased
risk of depression during follow-up, whereas those with hy-
pertension did not.
Our results for BMI are consistent with previous reports

from population-based settings that also showed that higher
BMI is a risk factor for depression (26, 27). In a recent lon-
gitudinal meta-analysis based on a large sample of subjects
aged 11–72 years, the risk of developing depression over
time was increased by 55% in subjects who were obese at
baseline. Those investigators also reported that the relation
between depression and obesity was stronger than the

association between overweight and depression, reflecting a
dose-response gradient (27). These results were confirmed
in 2 other longitudinal studies involving older adults and
showing that obesity markers such as BMI, waist circum-
ference, or visceral fat were strong predictors of depressive
syndromes (9, 28).
Overall, we found no associations between high blood

pressure status over time and the risk of depression, but we
observed a relation between low blood pressure and depres-
sion, as was reported in previous studies (6, 29). The mag-
nitude and direction of the association between high blood
pressure and depression differ widely between studies, and
the link between blood pressure and depression remains
unclear in the literature. The inconsistent findings can be at
least partly explained by the different study designs used,
the different questions/hypotheses being investigated, and
the inherent challenges of obtaining epidemiologic mea-
surements of intricate and time-varying constructs such as
depression and cardiovascular status. Blood pressure mea-
surements may vary according to psychological, physiolog-
ic, or environmental factors, especially in the elderly (30).
Previous population-based studies have mostly used

cross-sectional designs, and researchers have reported in-
consistent associations between high blood pressure or hy-
pertension and depressive syndromes (5, 31–33). Only a
few population-based studies have investigated longitudi-
nally the relation between blood pressure and depression,

Table 3. Crude and Adjusted Associations of Blood Pressure, Hypertension, and Body Mass Index With

Depression in the Dijon Portion of the Three-City Study, Dijon, France, 1999–2010

Model With Baseline
Adjustmenta

Model With Baseline
and Time-Varying

Adjustmentb

Marginal Structural
Model

RR 95% CI RR 95% CI RR 95% CI

Body mass indexc

Normal 1 Reference 1 Reference 1 Reference

Overweight 1.04 0.83, 1.32 1.03 0.81, 1.30 1.01 0.79, 1.30

Obese 1.48 1.00, 2.27 1.54 1.02, 2.36 1.60 1.03, 2.51

Hypertension

No 1 Reference 1 Reference 1 Reference

Yes 1.02 0.79, 1.30 0.97 0.76, 1.22 0.96 0.76, 1.23

Blood pressured

Low 1.70 1.16, 2.48 1.63 1.23, 2.36 1.65 1.11, 2.44

Normal 1 Reference 1 Reference 1 Reference

High 1.18 0.90, 1.58 1.12 0.84, 1.46 1.14 0.85, 1.51

Abbreviations: CI, confidence interval; RR, risk ratio.
a Included baseline measurement of age, sex, educational level, general health status, physical activity, marital

status, tobacco use, alcohol consumption, body mass index, blood pressure, hypercholesterolemia, global

cognition, antihypertensive treatment, and diabetes.
b Results were adjusted for time-fixed covariates (sex, age, educational level, physical activity, and marital

status) and time-varying variables (tobacco use, alcohol consumption, body mass index, blood pressure,

hypercholesterolemia, antihypertensive treatment, general health, global cognition, and diabetes).
c Body mass index (weight (kg)/height (m)2) was classified as normal (<25), overweight (25–<30), or obese (≥30).
d Low blood pressure was defined as systolic blood pressure <120 mm Hg or diastolic blood pressure <75 mm Hg.

High blood pressure (hypertension) was defined as systolic blood pressure ≥140 mm Hg or diastolic blood pressure

≥90 mm Hg or use of antihypertensive medication. Blood pressure was considered normal otherwise.
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and most of these studies had baseline data for blood pres-
sure only, along with self-reported data for height and
weight (1, 4, 34). In a sample of 964 elderly persons, hy-
pertension was associated with elevated depressive symp-
toms at 2-year follow-up (1), whereas 2 other studies found
no association between hypertension and depression (4,
34). Similarly, there are inconsistent reports of an associa-
tion between low blood pressure and depressive symptoms,
but recent population studies in elderly persons have found
higher levels of depressive symptoms in subjects with low
blood pressure (5, 6, 18).

Our study had several strengths, including the large
sample size and the population-based sampling. In addi-
tion, the longitudinal, prospective design of the 3C-Dijon
Study and the repeated measurement of BMI, blood pres-
sure, and depression allowed us to explore the risk factors
for depression over a period of 10 years. Finally, we used
MSMs to improve causal interpretation of the estimates in
the presence of time-varying confounding. To date, no
other longitudinal studies have used this method to assess
the relation between time-varying modifiable risk factors
and the incidence of depression. The results we obtained
with MSMs were quite similar to those obtained with tradi-
tional models—a comparison that is possible because of our
use of a collapsible effect measure so that the marginal and
conditional causal effects would have identical interpreta-
tions (25). This suggests that there was not a substantial
amount of time-varying confounding in our study, but this
could not have been known without the use of this model.

Despite the large sample size, the prospective study
design, and the robust statistical methods, our study—like
all studies on depression and cardiovascular factors—was
hampered by the fundamental challenges of measuring
time-varying and complex symptoms. Depression is a
complex construct that changes with time and that is par-
ticularly difficult to measure in epidemiologic studies,
wherein the typical instruments used are psychological
scales that have some limitations in accuracy as compared
with a diagnosis established by a clinician. Nonetheless,
our evaluation of depressive symptoms was based on the
MINI and the CES-D Scale, two widely documented scales
that are commonly used to assess clinically significant
depressive symptoms in the elderly (16, 17). We defined
depression on the basis of the MINI questionnaire or
antidepressant medication use. One could argue that, in
some elderly people, antidepressants are prescribed for de-
mentia or cognitive deficits rather than depression, and this
could have biased our findings. We performed sensitivity
analyses by excluding subjects who were taking antidepres-
sants, and the results pointed in the same direction (data
not shown). Another limitation was that 3C-Dijon partici-
pants had higher educational and socioeconomic levels and
overall were healthier than the general population of the
same age. However, the frequency of depression was close
to that reported in elderly populations (35). Nonetheless,
we cannot exclude the possibility that selection bias might
have affected the strength of the association between vascu-
lar factors and depression risk. We performed a series of
sensitivity analyses (data not shown) such as including sub-
jects with depression at baseline, including those with

recurrent depression, excluding incident dementia cases, or
adjusting for other potential risk factors (cancer, history of
cardiovascular disease risk factors, heart failure, or stroke),
and the findings remained unchanged. Finally, causal infer-
ence regarding BMI is hampered by ambiguity concerning
the mode of intervention, since there are myriad ways of
modifying BMI, the impacts of which may be diverse. This
ambiguity threatens the validity of the consistency assump-
tion on which causal inference rests (36).

Several biologic mechanisms through which depression
could result from elevated BMI have been suggested:
Weight gain activates multiple inflammatory pathways,
which can play a role in the pathology of depression (37).
Another relevant mechanism may be dysregulation of the
hypothalamic-pituitary-adrenal axis precipitated by obesity
that can lead to the development of depression (38, 39).
Finally, obesity is a risk factor for the development of car-
diovascular and cerebrovascular disease, which could
induce alteration in the brain; depression could then be a
direct consequence of brain lesions, particularly through
the impact of small-vessel lesions (40). In addition to bio-
logic pathways, psychological factors should be mentioned:
Because of the sociocultural environment, a poor self-
image in an obese or overweight person could increase psy-
chological distress that can contribute to depression.

Several physiopathologic mechanisms could explain the
relation between low blood pressure and depression.
Chronic low blood pressure could lead to cerebral hypo-
perfusion and then to cerebrovascular pathologic changes
that could induce psychological disturbances or depression
(41). It could also produce chronic somatic symptoms like
dizziness and fatigue, leading to depression (42).

Our findings provide some epidemiologic support to
better understand risk factors for depression in the elderly.
The study of vascular and mood syndromes is becoming a
public health priority because both are among the most fre-
quent disorders in Western societies, and their incidence
and prevalence are increasing with the worldwide aging of
the population. Hence, understanding their associations and
etiologic mechanisms is crucially important from a public
health perspective. In addition, the availability of longi-
tudinal cohort studies, repeated measurements, and more
advanced statistical methods fuels the motivation to under-
stand the depression-cardiovascular association more deeply.
Moreover, further study is needed to investigate the benefits
of treatment for vascular disease in preventing depression in
the elderly.
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