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 Depression is a highly prevalent disease that 
accompanies multiple comorbidities over the course 
of life.

 Depression also has a large societal burden, most of 
which are associated with high healthcare utilization 
that is not directly related to the treatment of 
depression.

 Depression is affected by many medical conditions, 
and in turn can also affect certain medial conditions.

 A comprehensive understanding of the complex 
relationships between multiple chronic medical 
conditions and depression is challenging, because 
studying such relationships requires a randomized 
sample at scale, beyond a convenient and selective 
study population in the traditional studies.

In this work, we present a network-theoretic analysis with a rewire metric to explore all 
possible pairs of chronic medical conditions that differentially co-occur in newly diagnosed 
MDD patients compared to their matched controls.

Network analysis in a matched case-control design provides a systemic view of the 
differences in the association networks of chronic medical conditions in in newly diagnosed 
MDD patients compared to their matched controls, after adjusting for demographic profiles, 
socioeconomic status, health insurance status, and geographical locations. 

Given that depression appears to interact with the co-occurrence pattern of chronic medical 
conditions, future research may wish to examine these conditions with regards to depression.

Abstract

Introduction

 MDD Cases
– (1) aged between 40 and 69 years and received a new diagnosis of MDD on January 1, 2003 or later

– (2) received care for MDD for more than 365 days defined by the ICD codes

– (3) no ICD codes of either bipolar disorder or schizophrenic disorder before the diagnosis of MDD (the 
index date). 

 Matched Controls 
– Nested control pairs from Korea National Health Insurance Services (NHIS) National Sample Cohort 

2002-2013

– Matched for demographic profiles, socioeconomic status, health insurance status, and geographical 
locations

– Scale-invariant Mahalanobis distance-based nearest neighbor algorithm

 Chronic Medical Conditions
– (1) Modified Chronic Conditions Data Warehouse Condition Algorithms

– (2) the diagnosis codes recurred more than once over a period of at least 365 days

– (3) the initial diagnosis of the chronic medical condition was prior to the initial diagnosis of MDD of 
the matched patient (the index date)

 Pairwise partial correlations among the chronic medical conditions separately in MDD cases and 
controls
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– Ƹ𝜖𝑋𝑝,𝑖 and Ƹ𝜖𝑋𝑞,𝑖 denote the i-th residual from regressing 𝑋𝑝 and 𝑋𝑞 on a set of controlling variables Z (i.e. demographic profiles, 

socioeconomic status, health insurance status, and geographical locations), respectively.

 To adjust for confounding variables and to account for our matched pair design, we revised the 
rewire metric as a 2-sided test under the null hypothesis that the Fisher-transformed difference 
between the partial correlations in cases and controls equals to zero.
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– ො𝜌XpXq∙𝒁𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑
𝑐𝑎𝑠𝑒 and ො𝜌XpXq∙𝒁𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 denote partial correlations between chronic medical condition 𝑋𝑝 and 𝑋𝑞 adjusted for a set 

of controlling variables Z (i.e. demographic profiles, socioeconomic status, health insurance status, and geographical locations) 
observed in the study samples of cases and controls, respectively.

– ො𝜌XpXq∙𝒁𝑛𝑢𝑙𝑙
𝑐𝑎𝑠𝑒 and ො𝜌XpXq∙𝒁𝑛𝑢𝑙𝑙

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 denote a sample from the permutation distribution of the partial correlations under the null 

hypothesis of no correlation, where the permutation distribution is generated from 10,000 iterations of re-randomization of the 
labels for being either case or control within each matched pair. 

 The revised rewire metric can be then interpreted as a p-value for rejecting the null hypothesis 
of Fisher-transformed partial correlations being the same for cases and controls.

 The overall false discovery rate (FDR) is controlled for all pairwise tests with the Benjamini-
Hochberg procedure.
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Figure 1. Association network of chronic medical conditions in the matched controls 
(left) vs. MDD Patients (right).

** Edges between chronic medical conditions that showed increased partial correlation coefficient in the 
cases compared to the matched controls are colored blue; those showed decreased partial correlation 
coefficient in the cases are colored red. The intensities of the blue and red colors are proportional to the 
difference in the magnitude of the partial correlation coefficient.

Abbreviations: Ane = chronic anemia, Art = chronic arthritis, CHF = chronic heart failure, CKD = chronic 
kidney disease, CLD = chronic liver disease, DM = Diabetes Mellitus, Dmt = dementia, Epi = epilepsy, HA = 
chronic headache, HL = hyperlipidemia, Hr = hearing impairment, hTh = hypothyroidism, HTN = 
hypertension, IHD = ischemic heart disease, NR = chronic neurologic sequelae, OLD = obstructive lung 
disease, OP = osteoporosis, Oph = chronic ophthalmologic disorder, Pn = chronic pain syndrome.

 Our study design allows us to prioritize the relationships among three entities – two 
chronic medical conditions and MDD

– more complex relationships that involves more than three entities may not be captured with our 
approach

 To minimize the possibility of false discovery, we applied a revised rewire metric-based 
network-theoretic approach with permutation tests to estimate the precision and 
statistical significance of the findings, and accounted for multiple comparison.

– the extent of multiple comparisons would be increased in combinatorial scale if more entities were 
analyzed

 Our study adjusted for common confounding factors such as demographic profiles, 
socioeconomic status, health insurance status, and geographical location

– There may be potential unmeasured confounders that cannot be fully controlled as in experimental 
studies (e.g., discrepancy between the diagnosis codes in the health insurance claims and actual 
health status)

– Matching process may cause a bias - we should be cautious not to interpret the conditional odds ratio 
estimates as causal estimates

 Chronic medical conditions analyzed in this study were based on diagnosis codes used for 
Korean National Health Insurance Services

– The results may not be generalized to other settings
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 Regression modeling and interaction 
analysis for the associations between 
prioritized pairs of chronic medical 
conditions and new MDD diagnosis.

 Extension to more diverse clinical 
phenotypes, as well as feature selection

 Extension to causal inference and causal 
directed acyclic graphical models.

 Extension to more complex 
relationships that involves more than 
three entities.

 Confirmation of the prioritized 
relationships in hypothesis-specific 
study design.


