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Methodological Ques8on Being Addressed: Should we 
stra2fy par2cipants according to the presence of insulin 
resistance in clinical trials targe2ng insulin pathways? 

Background: 
Insulin resistance (IR) is defined as an impaired balance between an abnormal cellular 
response to insulin ac@ons coupled with a rela@ve pancrea@c beta-cell insufficiency, 
which leads to increased peripheral insulin levels. It has been speculated to have a 
causal bidirec@onal interplay with depression, with IR increasing the risk and worsening 
depression and also of depression increasing the risk and worsening IR due to an 
underlying inflammatory state. Recently, it has been hypothesized that IR might be a 
par@cular metabolic endophenotype in depression, predominantly present in individuals 
with atypical features, and not a universal phenomenon in depression; in addi@on, IR, as 
a par@cular endophenotype linked to depression, might represent a state biomarker in 
depression and thereby poten@ally a drug target and related to the mechanism of ac@on 
of an@depressants, offering the possibility of personalized interven@ons. 

Thus, the aims of our study were to verify if insulin resistance, as assessed by fas@ng 
insulin and glucose in addi@on to the HOMA Index, is present in depression and if there 
are differences between current and remiQed depression and if an@depressants use 
influence those metabolic markers. Par@cularly, we wanted to inves@gate if insulin 
resistance is a universal phenomenon in depression or if rather subgroups exist as per 
the metabolic subgroup hypothesis, par@cularly when it comes to the typical and 
atypical depression dichotomy. We also wanted to analyze if insulin levels present 
dynamic changes with the treatment of an index depressive episode according to 
response or non-response to an@depressants. With this in mind, we performed several 
meta-analyses of all cross-sec@onal studies that assessed insulin resistance between 
people with depressive symptoms and healthy subjects, and several longitudinal meta-
analyses inves@ga@ng changes in insulin resistance levels aUer treatment of an index 
depressive episode treated with an@depressants. This will help to clarify the role of 
insulin resistance as an underpinning mechanism involved in depression, and also its 
possible implica@ons as a biomarker in depression useful for precision psychiatry.  

Methods 
We iden@fied 8,769 ar@cles through electronic searches and conducted a meta-analysis 
of blood insulin levels, HOMA index, and glucose in depression. We pooled the ES 
results according to the inverse variance method accoun@ng for random effects. Meta-
analyses of rela@ve variability of individuals with depression were performed using the 
coefficient of varia@on ra@o (CVR).  

Results 
In total, 70 studies were included. 68 studies fulfilled our inclusion criteria for the 
three between-group meta-analyses, providing data on 240,646 par@cipants, of 
whom 29,817 were subjects with depression and 210,829 were healthy controls. 
Of those, 59 studies provided data for an acute depressive episode (27,900 
subjects in acute depression and 202,414 controls); of those 59 studies, 21 studies 
comprised subjects free of psychiatric medica@on (747 subjects in acute 
depression and 802 controls) and 40 for an acute depressive episode regarding 
subjects on psychiatric medica@on (27,160 in depression and 201,644 controls). 
Thirteen studies were included for a remiQed depressive episode regarding 
subjects on psychiatric medica@on. Seven studies were included in our within-
group meta-analysis, providing data on 179 subjects for an index acute depressive 
episode and subsequent response or non-response.
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Results 
Insulin levels were increased in acute episodes of depression (g = 0.29, 95% CI 0.21 to 0.37, p 
< 0.001, k= 49, n = 221,511) both in those without (g = 0.26, 95% CI 0.02 to 0.50, p = 0.03, k= 
17, n = 1,181) and with antidepressants (g = 0.30, 95% CI 0.21 to 0.39, p < 0.001, k= 34, n = 
220,394). Similarly to insulin, the HOMA index was increased during acute depression (g = 
0.30, 95% CI 0.18 to 0.41, p < 0.001, k= 34, n = 204,858), however, in the subgroup analyses, 
only on those on antidepressants (g = 0.34, 95% CI 0.21 to 0.47, p < 0.001, k= 25, n = 204,152 
on antidepressants vs. g = 0.14, 95% CI -0.05 to 0.33, p = 0.15, k= 10, n = 727 on those 
without antidepressants). There were no differences in glucose levels between those in an 
acute depressive episode and healthy controls (g = 0.08, 95% CI 0.00 to 0.15, p = 0.06, k= 39, 
n = 210,582). Neither insulin (g = 0.37, 95% CI -0.00 to 0.75, p = 0.05, k= 11, n = 7,564), the 
HOMA index (g = 0.22, 95% CI -0.00 to 0.45, p = 0.05, k= 7, n = 3,404), or glucose levels (g = 
-0.04, 95% CI -0.23 to 0.15, p = 0.68, k= 9, n = 4,809) were altered during remission. 

When considering the clinical characteristics of the acute depressive episode regarding insulin 
levels, insulin was increased in atypical (g = 0.88, 95% CI 0.09 to 1.67, p = 0.03, k= 3, n = 149) 
but not typical depression (g = 0.28, 95% CI -0.12 to 0.68, p = 0.17, k = 3, n =  178).  

In order to verify the presence of subgroups related to the metabolic hypothesis subgroup in 
depression, we performed meta-analyses of variation using the CVR. In the main meta-
analyses, we found differences in variation for fasting insulin in acute depression (CVR = 1.09, 
95% CI 1.01 to 1.17, p = 0.02, k = 48, n = 221,539). There were no differences in the CVR in 
acute depression (CVR = 1.10, 95% CI 0.93 to 1.31, p = 0.27, k = 33, n = 204,996) in the 
HOMA index or in glucose levels (CVR = 1.02, 95% CI 0.84 to 1.24, p = 0.84, k = 38, n = 
210,748). When considering only those with acute depressive symptoms who were drug-free, 
again there was higher variation in insulin levels in people with depression than in healthy 
controls (CVR = 1.20, 95% CI 1.04 to 1.39, p = 0.01, k = 16, n = 1136). We also found a trend 
for higher variability in the  HOMA index (CVR = 1.42, 95% CI 0.98 to 2.07, p = 0.06, k = 10, n 
= 727) and in glucose levels (CVR = 1.32, 95% CI 0.98 to 1.76, p = 0.06, k = 11, n = 806) on 
those without antidepressants. No differences in variability were found during remission for 
insulin, the HOMA index, or glucose.  

In order to analyze dynamic alterations on insulin resistance after the treatment of an index 
depressive episode with antidepressants according to response, we performed six within-group 
meta-analyses. There were no changes in fasting insulin, glucose, and HOMA index after a 
course of antidepressants both in responders and in non-responders. 

Conclusions 
• Insulin resistance is increased in acute depression but not in 

remission.  
• There is evidence for subgroups of insulin resistance in 

depression, consistent with the hypothesis that metabolic 
alterations are specific to a subset of patients.  

• Studies targeting insulin pathways in depression should 
stratify participants according to the presence of insulin 
resistance.
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