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Objective: Major depressive disorder is the leading cause
of disability worldwide. Yet, there remain significant chal-
lenges in predicting new cases of major depression and
devising strategies to prevent the disorder. An important
first step in this process is identifying risk factors for the
incidence of major depression. There is accumulating bio-
logical evidence linking insulin resistance, another highly
prevalent condition, and depressive disorders. The objec-
tives of this study were to examine whether three surro-
gate measures of insulin resistance (high triglyceride-HDL
[high-density lipoprotein] ratio; prediabetes, as indicated
by fasting plasma glucose level; and high central adiposity,
as measured by waist circumference) at the time of study
enrollment were associated with an increased rate of inci-
dent major depressive disorder over a 9-year follow-up
period and to assess whether the new onset of these sur-
rogate measures during the first 2 years after study enroll-
ment was predictive of incident major depressive disorder
during the subsequent follow-up period.

Methods: The Netherlands Study of Depression and Anxi-
ety (NESDA) is a multisite longitudinal study of the course
and consequences of depressive and anxiety disorders in
adults. The study population comprised 601 NESDA par-
ticipants (18–65 years old) without a lifetime history of
depression or anxiety disorders. The study’s outcome was
incident major depressive disorder, defined using DSM-IV
criteria. Exposure measures included triglyceride-HDL ratio,
fasting plasma glucose level, and waist circumference.

Results: Fourteen percent of the sample developed major
depressive disorder during follow-up. Cox proportional
hazards models indicated that higher triglyceride-HDL
ratio was positively associated with an increased risk for
incident major depression (hazard ratio51.89, 95%
CI51.15, 3.11), as were higher fasting plasma glucose lev-
els (hazard ratio51.37, 95% CI51.05, 1.77) and higher waist
circumference (hazard ratio51.11 95% CI51.01, 1.21). The
development of prediabetes in the 2-year period after
study enrollment was positively associated with incident
major depressive disorder (hazard ratio52.66, 95%
CI51.13, 6.27). The development of high triglyceride-HDL
ratio and high central adiposity (cut-point $100 cm) in
the same period was not associated with incident major
depression.

Conclusions: Three surrogate measures of insulin resis-
tance positively predicted incident major depressive disor-
der in a 9-year follow-up period among adults with no
history of depression or anxiety disorder. In addition, the
development of prediabetes between enrollment and the
2-year study visit was positively associated with incident
major depressive disorder. These findings may have utility
for evaluating the risk for the development of major
depression among patients with insulin resistance or met-
abolic pathology.
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Major depressive disorder is the leading cause of disability
worldwide (1). Yet, there remain significant challenges in
predicting new cases of major depression and devising strat-
egies to prevent the disorder (2). An important first step in
this process is identifying risk factors for the incidence of
major depressive disorder.

There is accumulating biological evidence linking insulin
resistance, another highly prevalent condition, with the devel-
opment of depressive disorders (3–7). Animal models of

insulin resistance show an increased risk of depression-like
behaviors, as well as neuroinflammation, dysregulated mito-
chondrial function, and decreased neurogenesis, all factors
hypothesized to be relevant to human depression (8, 9). In
addition, studies show that treatment for insulin resistance in
animals can reverse depression-like behavior (10–14).

A meta-analysis of the association between insulin resis-
tance and major depressive disorder established a positive
cross-sectional relationship between the two conditions (15).
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Additional studies indicate that major depressive disorder
increases the risk for the subsequent development of type 2
diabetes and metabolic syndrome, endocrinologic conditions
in which insulin resistance plays an important role (15–20).
Yet few studies have examined whether insulin resistance
increases the risk of incident major depressive disorder.
Among them, a study of elderly men found that insulin
resistance corresponded to a risk ratio of 2.3 for the develop-
ment of incident depression in a 5-year follow-up period (21).

The Netherlands Study of Depression and Anxiety
(NESDA) presents a unique opportunity to address the
question of insulin resistance and incident major depressive
disorder because it is among the few studies that have
extensively assessed behavioral and psychosocial risk factors,
metabolic function, and the incidence of major depression
in a longitudinal design (22).

Here, we investigated whether insulin resistance increased
the rate of incident major depressive disorder by using three
surrogate measures of insulin resistance with up to 9 years
of follow-up. In our primary analysis, we evaluated whether
a high ratio of triglycerides to high-density lipoprotein
(HDL) predicted incident major depressive disorder. This
measure has been well correlated with the gold standard for
insulin resistance and is often used in a clinical context. To
evaluate the consistency of our findings, we also tested
whether two related surrogate metabolic measures, fasting
plasma glucose levels and waist circumference, were associ-
ated with incident major depression (23–26).

In our secondary analysis, we evaluated whether incident
metabolic pathology in the 2 years following study enrollment
corresponded to an increased rate of incident major depres-
sive disorder in the subsequent 7 years of follow-up.We tested
three related exposure measures: high triglyceride-HDL ratio,
prediabetes (fasting plasma glucose level $5.54 mmol/L), and
high central adiposity (high waist circumference).

Our objective was to define a subset of patients with major
depression for whom a potential risk for depression is pre-
dicted by metabolic pathology. This, in turn, may inform future
treatment and prevention strategies in this clinical population.

METHODS

NESDA Sample and Study Design
Nine years of prospective data from the NESDA cohort (23)
were used in this study. Briefly, NESDA aims to examine the
etiology, course, and consequences of depression and anxiety,
combining biological, behavioral, and psychosocial measures.
It is a multisite longitudinal study using a Dutch cohort of
participants who were 18 to 65 years old at enrollment. At
enrollment, the cohort’s 2,981 participants were currently
experiencing depression or anxiety, or had a lifetime history of
depression or anxiety, or were control subjects with no history
of either disorder. Individuals were excluded from NESDA
enrollment if they did not speak Dutch or if they had a history
of other psychiatric disorders (e.g., psychotic, obsessive-
compulsive, bipolar, or severe addiction disorders) (23).

The present analysis was restricted to NESDA partici-
pants with no lifetime history of depression or anxiety disor-
ders; among these, we excluded individuals who were lost
to follow-up after study enrollment (N5601). Although the
focus was on major depressive disorder onset, we also
excluded those with a history of anxiety disorder because of
high comorbidity among affective disorders and overlap in
biological mechanisms (27, 28).

Participants were followed up at 2, 4, 6, and 9 years for a
psychiatric interview (including screening for major depres-
sive disorder, anxiety disorders, and bipolar disorder), ques-
tionnaires, physical measurements, and biospecimen collection
(Figure 1). The NESDA protocol was approved by the ethical
review board of the VU University Medical Center Amster-
dam, and all participants provided written informed consent.

Surrogate Measures of Insulin Resistance and
Additional Metabolic Measures
The primary exposure was specified a priori as triglyceride-
HDL ratio (both values measured in mmol/L), a surrogate
measure of insulin resistance that is both informative and
easy to obtain (29–31). We used sex-specific cut-points to
define high triglyceride-HDL ratios (females, $0.83; males,
$1.22) (31). The area under the curve was 0.76 when com-
pared with the homeostatic model assessment of insulin
resistance in a German population (31). This is consistent
with findings from other studies of European populations.

Secondary exposure measures were also defined, includ-
ing fasting plasma glucose levels (mmol/L), taken as a con-
tinuous variable, and prediabetes (fasting plasma glucose
level $5.54 mmol/L) (32). Central adiposity was considered
two ways. First, continuous central adiposity was measured
by waist circumference (33, 34). Second, it was dichoto-
mized, based on a cut-point of $100 cm to define high cen-
tral adiposity, because this cut-point corresponds well to
insulin resistance in both males and females, with an area
under the curve $0.85 when compared with the homeo-
static model of assessment for insulin resistance (24).

All laboratory measures were collected in the morning in
a fasting state. Triglyceride, HDL, and fasting plasma glucose
levels were adjusted for medication use based on the aver-
age decline in these values after treatment; this method was
performed and described in a previous NESDA study (35).

Incident Major Depressive Disorder
Major depressive disorder was defined using the Composite
International Diagnostic Interview (CIDI), version 2.1 (36),
at each study visit. The CIDI is a comprehensive and fully
standardized diagnostic interview designed to assess mental
disorders according to DSM-IV criteria. At each study wave,
the CIDI was used to evaluate whether participants experi-
enced major depression since the last interview. Incident
major depressive disorder was defined as the occurrence of
a participant’s first depressive episode.

The recency of a depressive episode was reported by par-
ticipants for the following intervals: within the past 2 weeks,
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2 weeks to 1 month ago, 1 month to 6 months ago, 6 months
to 12 months ago, and more than 12 months ago. The date of
major depressive disorder onset was estimated using the
date that the CIDI was administered minus the recency of
the first depressive episode (using the midpoint of the
reported time interval). For participants who experienced a
depressive episode .12 months prior to the interview, we
recorded major depressive disorder onset as the midpoint
between 12 months ago and their previous study visit.

Participants were monitored until the first of the follow-
ing events occurred: incident major depressive disorder or
their last study visit. Follow-up time was measured as the
difference between study enrollment and the incidence of
major depressive disorder or a participant’s last study visit,
whichever came first.

Covariates
The following variables were measured using self-report ques-
tionnaires: age at study enrollment, sex, years of education,
physical activity (metabolic equivalent of task hours/week),
and smoking status (current, former, or never). Harmful or
hazardous drinking was measured using the Alcohol Use
Disorders Identification Test, an inventory measuring risk for
alcohol misuse (score range, 0–40, where a higher score rep-
resents a greater risk for misuse) (37). Additional details about
these study measures can be found in the description of the
design, methods, and rationale for the NESDA study (22).

Three confounders that were identified in previous research—
race, marital status, and income—were not included in our
analyses because their proportions were very similar
between exposure groups in our study population.

Statistical Analysis
Means and frequencies summarized baseline participant
characteristics stratified by high or low triglyceride-HDL
ratio. All insulin resistance measures were compared using
Pearson correlations to better understand the relationship
between various measures of metabolic function in our
study sample. In addition, the rate of incident major

depressive disorder during the 9-year follow-up was sum-
marized in a negative log survival plot, which is reflective of
the hazard function of incident depression over the study
period.

We evaluated associations between all exposures and the
incidence of major depressive disorder by estimating hazard
ratios and corresponding 95% confidence intervals using
Cox regression analysis. Each exposure was evaluated sepa-
rately. The linearity of the log hazard of incident major
depressive disorder and the proportional hazards assump-
tion were tested with graphical methods, including the
evaluation of Schoenfeld residuals and Martingale residuals.
Nonproportional hazards among exposure variables and cova-
riates were addressed with a time-by-exposure interaction.

The possible confounding effects of sociodemographic
and behavioral variables were accounted for by statistical
adjustment, including age, sex, education, physical activity,
harmful alcohol use, and smoking status.

We then evaluated whether the newly onset metabolic
pathology between study enrollment and the 2-year follow-
up visit was associated with an increased rate of incident
major depression in the subsequent 7 years. Each analysis
was restricted to participants who did not have the metabolic
pathology at enrollment and did not develop major depres-
sion between enrollment and the 2-year follow-up visit.
Models were adjusted for the same confounders as our pri-
mary analysis. Sex and smoking status were derived using
data from the study enrollment visit. All remaining confound-
ers were based on measures from the 2-year follow-up visit.

Given differences between men and women in the
frequency of high triglyceride-HDL ratio in this study popu-
lation (Table 1), we repeated our primary analysis with mul-
tiplicative sex-by-exposure interactions.

Missing data were imputed 10 times using fully condi-
tional specification methods; categorical data were filled in
with the discriminant function and continuous variables
with the regression function (missing data ranged from 1%
for harmful alcohol use to 14% for triglyceride levels).

Analyses were performed with SAS, version 9.4 (38).

FIGURE 1. Measures of major depressive disorder and metabolic function in the Netherlands Study of Depression and Anxiety at
the 2-, 4-, 6-, and 9-year study visitsa
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a Each point in the timeline represents a visit and describes measures used in the study.
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RESULTS

The median follow-up time was 9 years (interquartile range,
6–9 years). The mean triglyceride-HDL ratio was 0.88
(SD50.78). On average, participants with a high triglyceride-
HDL ratio were older, less likely to be female, less educated,
and less physically active compared with those with a low
triglyceride-HDL ratio. A NESDA study published in 2012
found that participants with no history of depression or anx-
iety had prevalences of 2.8% for cardiovascular disease,
39.0% for hypertension, 16.8% for impaired fasting glucose,
and 14.6% for obesity, and 21.3% had at least one chronic dis-
ease at baseline (3). Surrogate insulin resistance measures
were moderately correlated (fasting plasma glucose level
and waist circumference, r50.44; triglyceride-HDL ratio and
waist circumference, r50.41; triglyceride-HDL ratio and fast-
ing plasma glucose level, r50.21). Among our study popula-
tion of individuals with no history of major depression, a
total of 14.0% reported incident major depression (N584;
N530 after 2 years) during the 9-year follow-up period.

Negative log survival plots suggested an association
between high triglyceride-HDL ratio and major depressive
disorder incidence. Findings were similar when stratified by
high and low waist circumference and by prediabetes and
no prediabetes. Negative log survival plots suggested an
association between high triglyceride-HDL ratio and the
incidence of major depression. Findings were similar when
stratified by high and low waist circumference and by predi-
abetes and no prediabetes (triglyceride-HDL ratio, N5405;
high central adiposity, N5367; prediabetes, N5426).

In adjusted analyses, triglyceride-HDL ratio, taken as a
continuous variable, was associated with an increased risk
for incident major depressive disorder in the 9-year follow-
up period (hazard ratio51.89, 95% CI51.15, 3.11). Similarly,

fasting plasma glucose level and waist circumference were
also positively associated with incident major depression in
the same follow-up period (Table 2).

In Cox proportional hazards models of incident insulin
resistance (categorical measures for newly onset high
triglyceride-HDL ratio, high waist circumference, and predi-
abetes) between study enrollment and the 2-year follow-up
visit as exposure, the incidence of prediabetes was positively
associated with incident major depression (hazard ratio5
2.66, 95% CI51.13, 6.27). However, incident high
triglyceride-HDL ratio and high waist circumference were
not associated with incident major depression (Table 3). In
all cases, confidence intervals were wide as a result of the
small number of incident cases.

We found no effect modification between sex and expo-
sure for all three exposure measures by sex. The following
interaction terms represent the ratio by which the hazard
ratio changed when participants were female rather than

TABLE 1. Baseline demographic and clinical characteristics of adult participants (18–65 years old) by triglyceride-HDL ratioa

Characteristic

Whole Group High Triglyceride-HDL Ratio Low Triglyceride-HDL Ratio

(N5601) (N5161) (N5440)

N % N % N %

Female 365 60.6 86 53.1 279 63.4
Marital status, married or partner 454 75.4 454 78.4 327 74.3
Northern European ancestry 582 96.7 158 97.5 424 96.4

Mean SD Mean SD Mean SD

Age (years) 40.9 14.5 44.3 14.2 39.6 14.4
Education (years) 12.9 3.2 12.3 3.2 13.1 3.2
Income (score 0–23)b 11.0 6.0 10.9 5.9 11.1 6.0
Alcohol Use Disorders Identification Test score 4.7 3.6 4.9 4.0 4.7 3.4
Physical activity (metabolic equivalents, hours/week) 64.3 52.7 59.7 53.8 66.2 52.3
Fasting plasma glucose (mmol/L)c 5.1 0.8 5.4 1.1 5.0 0.7
Waist circumference (cm) 88.0 13.5 96.5 14.1 84.8 11.9
HDL (mmol/L)c 1.6 0.4 1.3 0.3 1.8 0.4
Triglycerides (mmol/L)c 1.3 0.8 2.2 1.0 0.9 0.3
Triglyceride-HDL ratio 0.9 0.8 1.8 1.0 0.6 0.2

a Data are for participants in the Netherlands Study of Depression and Anxiety. High triglyceride-HDL ratios were defined as follows: females, $0.83;
males $1.22. Data are unimputed. HDL5high-density lipoprotein.

b Income score ranged from ,600 euros/month (score of 0) to .5,000 euros/month (score of 23).
c Adjusted for medication use as described by R�ev�esz et al. (35).

TABLE 2. Cox regression models of the association between
triglyceride-HDL ratio, waist circumference, and fasting plasma
glucose level at study enrollment and incident major depres-
sive disorder in adults (N5601)a

Model
Adjusted Hazard

Ratio 95% CI

Model 1: triglyceride-HDL ratio
(insulin resistance; 1 ratio unit)

1.89 1.15, 3.11

Model 2: waist circumference (5 cm) 1.11 1.01, 1.21
Model 3: fasting plasma glucoseb

(1 mmol/L)
1.37 1.05, 1.77

a Data are for participants in the Netherlands Study of Depression and
Anxiety. Each model was adjusted for age, sex, education, physical
activity, harmful alcohol use, and smoking status. Follow-up time was
4,579 person-years for all models. HDL5high-density lipoprotein.

b Adjusted for medication use as described by R�ev�esz et al. (35).
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male: 0.95, 95% CI50.92, 1.01; fasting plasma glucose level
by sex, 0.85, 95% CI50.52, 1.40; waist circumference by sex,
1.01, 95% CI50.97, 1.05.

DISCUSSION

We found that a moderate clinical increase in a surrogate
measure of insulin resistance (i.e., a one-unit change in
triglyceride-HDL ratio) corresponded to an 89% increase in
the rate of incident major depressive disorder in a 9-year
follow-up period. Thus, our results suggest that a surrogate
of insulin resistance, a highly prevalent condition that may
precede the development of type 2 diabetes by several years,
may predict the development of major depressive disorder
in adults.

These conclusions are broadly consistent with research
on the relationship between other metabolic conditions and
the development of major depressive disorder. A study of
elderly males living in Australia found that insulin resistance
values $1.85, as measured by the homeostasis model assess-
ment of insulin resistance, corresponded to an odds ratio of
1.61 for major depression in a 5-year follow-up period (21).
A meta-analysis that evaluated the relationship between
metabolic syndrome and incident major depressive disorder
among elderly and nonelderly adults in Europe, the United
States, Australia, and Japan found that metabolic syndrome
was associated with a 49% increased odds of incident major
depression (39). Another meta-analysis of adults in several
countries found that the presence of type 2 diabetes was
associated with a 15% increased risk of major depression;
follow-up time in these studies ranged from 2 to 10 years (16).

Multiple biological mechanisms may link insulin
resistance to the development of major depression. The
presence of insulin resistance appears to promote neuro-
inflammation in neurobiological models of depression
(4, 40). The inflammatory hypothesis of depression suggests
that the presence of proinflammatory cytokines may lead to
a reduction in serotonin levels, as well as reduced

neurogenesis and synaptic
plasticity-physiological states,
which are associated with
the presence of depression
(41–43). Moreover, insulin
resistance is associated with
dysregulation of glucocorti-
coids in the hypothalamic-
pituitary-adrenal axis, a state
which has been reliably asso-
ciated with the presence of
depressive disorders (9, 40).
The common pathophysiolog-
ical platform between insulin
resistance and depressive dis-
orders has been reported pre-
viously by our group (44, 45)
and other investigators (46)

and is distinct from the findings of the metabolic syndrome
construct reported previously in the NESDA cohort.

Insulin resistance is a condition that may progress from
compensatory hyperinsulinemia to impaired glucose toler-
ance, prediabetes, and, ultimately, type 2 diabetes (47). We
therefore measured the association between two additional
exposure measures and incident major depressive disorder
to evaluate consistency across these overlapping measures
of metabolic function. Indeed, when using central adiposity,
we found that a 5-cm increase in waist circumference at
enrollment corresponded to an average 11% increased rate
of major depression in the 9-year follow-up period. Simi-
larly, we found that a one-unit increase in fasting plasma
glucose level (mmol/L), which represents a moderate rise in
blood glucose levels, corresponded to a 37% increased rate
of incident major depression in the follow-up period, indi-
cating that all three exposures (triglyceride-HDL ratio, fast-
ing plasma glucose level, and waist circumference) in this
study were positively associated with an increased incidence
of major depression.

We did not detect an interaction between sex and any
exposure measure for the rate of incident major depression,
suggesting that the effect of insulin resistance on our out-
come was similar for men and women. Few studies have
evaluated sex differences in the rate of incident major depres-
sive disorder based on metabolic function. Two studies that
assessed questions concerning mean differences in depression
characteristics by sex found mixed results (48, 49).

Our secondary aim was to assess whether the recent
onset of metabolic pathology was associated with the inci-
dence of major depression.We found that the new develop-
ment of prediabetes in a 2-year time period, but not high
triglyceride-HDL ratio or high central adiposity, was predic-
tive of new major depressive disorder. However, the confi-
dence intervals were wide for this secondary analysis. A
larger sample size may be warranted in order to address
this question because our sample for this portion of the
analysis was limited to individuals who did not develop

TABLE 3. Cox regression models of the association between the development of high
triglyceride-HDL ratio, high central adiposity, and prediabetes at the 2-year follow-up and
incident major depressive disorder in adultsa

Model Eventsb
Total Follow-Up
Person-Years

Adjusted
Hazard Ratio 95% CI

Model 1: high triglyceride-HDL
ratio: females $0.83; males
$1.22 (N5405)

41 3,362 1.77 0.77, 4.10

Model 2: high central adiposity:
waist circumference $100 cm
(N5367)

35 3,087 0.48 0.06, 3.69

Model 3: prediabetes: fasting
plasma glucose $5.54 mmol/L
(N5426)

47 3,542 2.66 1.13, 6.27

a Data are for participants in the Netherlands Study of Depression and Anxiety. Each model was adjusted for
age, education, physical activity, and harmful alcohol use at the 2-year follow-up visit. Data from study
enrollment were used for adjustment for sex and smoking status. Models were restricted to participants who
did not meet the criteria for each metabolic condition at study enrollment.

b Refers to the development of incident major depressive disorder.
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major depression before the 2-year visit and were free of
the relevant metabolic pathology at baseline. While high
triglyceride-HDL ratio and high central adiposity are surro-
gate markers of insulin resistance, in themselves, they may
not be predictive of the incidence of major depressive
disorder, especially in the absence of elevated fasting glucose
levels. Prediabetes, however, is a state where hyperglycemia
is present in addition to insulin resistance; therefore,
the development of prediabetes could plausibly predict
incident major depression, whereas insulin resistance alone
does not.

This study has several limitations. The gold standard for
measuring insulin resistance, the euglycemic clamp tech-
nique, was not available. Therefore, we included clinically
accessible surrogate biomarkers of insulin resistance. In
addition, this analysis was not powered to measure the
development of metabolic pathology in a 2-year follow-up
period. Replication of these findings and additional analysis
on the onset of prediabetes as it relates to the onset of major
depression would be useful.

Indeed, there was a loss of follow-up for a number of
participants, with reasons including health issues, refusal to
participate, death, and noncontact (50). However, overall
attrition was relatively low for a psychiatric study: 12.9%
between baseline and 2 years for the entire NESDA sample.

In spite of these issues, the ability to predict an increased
risk in major depressive disorder incidence using standard
clinical tests of metabolic status can be deployed as an impor-
tant tool for treatment and prevention. Indeed, our own
work suggests that certain treatments that decrease insulin
resistance can aid in the treatment of major depression in a
subset of patients. It will be especially important to ascertain
in future studies whether reversing insulin resistance is able
to decrease the risk of future clinical depression.

In summary, the development of clinically significant
prediabetes between study enrollment and the 2-year
follow-up visit may have increased the rate of major
depressive disorder in the subsequent 7 years, whereas
high triglyceride-HDL ratio and high central adiposity
did not. If replicated, these findings may have utility for
physicians and researchers evaluating the risk for the
development of major depression, as well as implications
for our understanding of major depressive disorder
pathogenesis.
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