
Spatial and Spatio-temporal Epidemiology 47 (2023) 100607

Available online 22 July 2023
1877-5845/© 2023 Elsevier Ltd. All rights reserved.

Evaluating co-occurring space-time clusters of depression and 
suicide-related outcomes before and during the COVID-19 pandemic 

Sophia C. Ryan a,*, Michael R. Desjardins b, Jennifer D. Runkle c, Luke Wertis a, 
Margaret M. Sugg a 

a Department of Geography and Planning, Appalachian State University, Boone NC, 28607, USA 
b Department of Epidemiology & Spatial Science for Public Health Center, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, 21205, USA 
c North Carolina Institute for Climate Studies, North Carolina State University, Raleigh NC, 27695, USA   

A R T I C L E  I N F O   

Keywords: 
Mental health 
Cluster analysis 
COVID-19 
SaTScan 
Depression 
Self-injury 
Self-harm 

A B S T R A C T   

Rapidly emerging research on the mental health consequences of the COVID-19 pandemic shows increasing 
patterns of psychological distress, including anxiety and depression, and self-harming behaviors, particularly 
during the early months of the pandemic. Yet, few studies have investigated the spatial and temporal changes in 
depressive disorders and suicidal behavior during the pandemic. The objective of this retrospective analysis was 
to evaluate geographic patterns of emergency department admissions for depression and suicidal behavior in 
North Carolina before (March 2017-February 2020) and during the COVID-19 pandemic (March 2020 - 
December 2021). Univariate cluster detection examined each outcome separately and multivariate cluster 
detection was used to examine the co-occurrence of depression and suicide-related outcomes in SatScan; the 
Rand index evaluated cluster overlap. Cluster analyses were adjusted for age, race, and sex. Findings suggest that 
the mental health burden of depression and suicide-related outcomes remained high in many communities 
throughout the pandemic. Rural communities exhibited a larger increase in the co-occurrence of depression and 
suicide-related ED visits during the pandemic period. Results showed the exacerbation of depression and suicide- 
related outcomes in select communities and emphasize the need for targeted and sustained mental health in
terventions throughout the many phases of the COVID-19 pandemic.   

1. Introduction 

The COVID-19 pandemic has been linked to a global mental health 
crisis (Hamza Shuja et al., 2020; Nochaiwong et al., 2021; Olff et al., 
2021; Torales et al., 2020). Rapid disruptions to daily life have led to an 
unprecedented rise in poor mental health (Larsen et al., 2021; McGinty 
et al., 2020). In the initial months of the pandemic, suicide rates 
decreased (Larson and Bergmans, 2022; Pirkis et al., 2021), following a 
steady increase over the last two decades (Shiels et al., 2020). However 
substance abuse (Czeisler, 2020), anxiety and depression (Czeisler, 
2020; Runkle et al., 2022; Xiong et al., 2020), suicide-related outcomes 
(Czeisler, 2020; Runkle et al., 2022; Veldhuis et al., 2021), stress 
(McKnight-Eily et al., 2021; Runkle et al., 2022), distress (Holingue 
et al., 2020; McGinty et al., 2020), and post-traumatic stress disorder 
(Liu et al., 2020; Olff et al., 2021) increased during the lockdown and 
stay at home orders. 

Poor mental health during the pandemic has been more pronounced 

among vulnerable individuals (Lee and Singh, 2021; Runkle et al., 2021; 
Thomeer et al., 2022), including older adults (Pearman et al., 2022), 
Black (Pearman et al., 2022), low-income (Lee and Singh, 2021), and 
Hispanic individuals (Lee and Singh, 2021; Runkle et al., 2021), and 
LBGTQ youth (Fish et al., 2020; Ormiston and Williams, 2022; Salerno 
et al., 2020). Emerging evidence suggests that the disparity in reporting 
poor mental health also increased during the pandemic, with 
low-income, Hispanic, and individuals with lower educational attain
ment reporting higher rates of poor mental health (Lee and Singh, 2021). 

Despite research examining mental health disparities during COVID- 
19, little research has examined the spatial clustering or concentrations 
of adverse mental health outcomes during the pandemic. Mental health 
and suicide clusters are locations with higher-than-expected case counts 
based on population (Gould and Lake, 2013). Clusters can form as a 
result of shared community-level exposures (Gould et al., 1994), such as 
rurality (Graves et al., 2020; Guo et al., 2019; Sugg et al., 2022), racial 
segregation (Sugg et al., 2022) and greenspace access (Beyer et al., 2014; 
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Collins et al., 2020). The identification of mental health clusters can 
provide important information regarding the spatial and spatiotemporal 
distribution of heightened community mental health burdens 
throughout the pandemic. 

The objective of this retrospective analysis was to examine spatio
temporal trends in mental health clustering for depression and suicide- 
related (self-injury and self-poisoning) emergency department (ED) 
admissions in North Carolina (NC) before (March 2017-February 2020) 
and during (March 2020-December 2021) in the COVID-19 pandemic. A 
secondary analysis examined the co-occurrence of space-time clusters 
for depression and suicide-related ED admission to identify regions with 
the largest burden of mental health. Our results will identify the most at- 
risk populations and areas in need of more targeted mental health ser
vices (Cromley and McLafferty, 2011). 

2. Data 

Emergency department (ED) data were obtained from the North 
Carolina Disease Event Tracking and Epidemiologic Collection Tool (NC 
DETECT) (NC DETECT, 2021) from March 2017 through December 
2021. NC DETECT provides complete spatio-temporal coverage of ED 
visits for 140 EDs in North Carolina (NC DETECT, 2021). For this 
analysis, duplicate cases were removed, as were cases that did not 
contain relevant demographic information (age, race, sex). In total, 
1252,009 cases were removed out of 23,095,226 cases, representing 
5.4% of total ED visits throughout the state of NC, producing a final 
dataset of 21,843,217 total ED visits from March 2017 to December 
2021 (Supplemental Figure 1). Repeat patients were included as we 
sought to examine the cumulative burden of each mental health 
outcome. 

The primary mental health outcomes of interest were coded using the 
International Classification of Diseases 10-CM codes (ICD-10) and 
included: (1) depression (ICD-10: F32-F339, F341) and (2) suicide- 
related outcomes (ICD-10: R45.85, T14.91, T36.xx2 (4) -T50.xx2 (4), 
T51.xx2 (4) -T65.xx2 (4), T71.xx2 (4), X71-X83). Suicide-related out
comes included ED visits for intentional self-harm, self-poisoning and 
toxic effects, suicidal ideation, and asphyxiation (Ridout et al., 2021). 
ED visits for each outcome were summed by month for each zip code. 
Patient billing zip code is provided in the ED data and is used as a proxy 
for residential location. 

The unit of analysis was the zip-code tabulation area (ZCTA) level, 
with individual ED data converted from the zip code to ZCTA when 
applicable (AAFP, 2022). ZCTA is the finest spatial resolution available 
for this dataset. ZCTAs are US Census Bureau spatial geographies cor
responding to US Postal Service zip codes; in NC, there are 802 ZCTAs, 
with an average population of 12,663 individuals (US Census Bureau, 
2020). ZCTAs are more sensitive to clustering than larger geographic 
scales such as counties (Jones and Kulldorff, 2012). 

3. Methods 

We applied the retrospective univariate and multivariate space-time 
scan statistics (Kulldorff, 1997; Kulldorff et al., 2007) in SaTScan™ 
(V10.0 64 bit) to identify statistically significant space-time clusters of 
depression and suicide-related outcomes pre-COVID-19 pandemic 
(March 2017 to February 2020) and during the COVID-19 pandemic 
(March 2020 to December 2021). We utilized the discrete Poisson 
probability model, where observed cases are assumed to be Poisson 
distributed according to the at-risk population in North Carolina. The 
null hypothesis states that the model reflects an inhomogeneous Poisson 
process proportional to the at-risk population. Our alternative hypoth
esis states that the number of cases exceeds the number of expected cases 
derived from the null model. To better understand mental health clus
tering, we adjusted for the individual-level factors, including age, race, 
and sex, allowing for the detection of clustering that cannot be explained 
by these variables alone (Brotto et al., 2021; Kim and Kim, 2017). For 

this study, our expected cases were derived from Quasi-Poisson regres
sion-fitted values (Supplemental Table 1) to account for overdispersion 
and adjust for patient age, race, and sex: 

Yij ∼ QuasiPoisson (1)  

log
[
E

(
Yij

)]
= β0 + β1Racei + β2Agei + β3Sexi (2) 

Where Yij was the observed depression or suicide-related outcome 
count in ZCTA i and month j, E(Yij) was the expected depression or 
suicide-related outcome count in ZCTA i and month j, which was 
adjusted for race, age, and sex as noted in Eq. (2). An adjusted SaTScan 
analysis was conducted using the regression-fitted values as the ex
pected counts of depression or suicide-related outcomes. 

A maximum likelihood ratio test statistic was utilized to evaluate 
hypotheses, which is defined in Eq. (3) below: 
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yZ

E(Z)
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(
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Where L(Z) was the likelihood function for cylinder/potential cluster 
Z, L0 is the likelihood function for the null hypothesis of cylinder Z (the 
model reflects an inhomogeneous Poisson process). Parameter yZ is the 
observed cases in cylinder Z, E(Z) is the expected cases in cylinder Z, Y is 
the total number of observed cases in the study area across all time 
periods, and E(A) is the total number of expected cases in the study area 
across all time periods. Note that the expected cases were either based 
on population (unadjusted model) or regression-fitted values (for 
adjusted model), which represent the expected depression or suicide- 
related cases after adjusting for race, age, and sex. Eq. (3) compared 
the observed and expected cases within a cylinder to the total number of 
observed and expected cases outside of the cylinder across the entire 
study period. The cylinder will have an elevated risk of the log- 
likelihood ratio (LLR) is greater than 1, where yz

E(Z)
>

Y−yz
Y−E(Z)

. Next, 999 
Monte Carlo simulations were produced to determine the statistical 
significance of each potential cluster. Essentially, the statistic utilized 
moving cylinders to scan the study area and specified time period for 
space-time clusters of cases, where the base of the cylinder is the spatial 
scan, and the height is the temporal scan. Each cylinder was centered on 
the centroid of a particular ZCTA and expanded until a maximum spatial 
and temporal threshold was reached, where each cylinder was a po
tential cluster. In other words, a very large number of cylinders were 
generated around each ZCTA until the maximum spatial and temporal 
scanning windows were reached. 

The multivariate space-time scan statistic determined the co- 
occurrence (simultaneous excess incidence) of both depression and 
suicide-related outcomes. The procedure was the same as the univariate 
statistic, where LLRs were determined separately for both outcomes in 
each cylinder, then the multivariate statistics summed the LLRs to pro
duce a new LLR for that particular cylinder. 

For both univariate and multivariate analyses, the maximum spatial 
scan was set to 10% of the at-risk population, the minimum temporal 
scan (i.e., cluster duration) was set to one month and the maximum 
temporal scan was restricted to 12 months (Larkin et al., 2010; Milner 
et al., 2018), with a minimum number of cases set at 10. We rejected the 
null hypothesis (significant clustering) at p<0.05. 

To compare the univariate suicide and depression cluster locations 
and multivariate cluster locations pre-pandemic and during the 
pandemic, we examined the similarity between the clusters using the 
Rand Index from the fossil package (Vavrek, 2020) in RStudio version 
2022.07.1 (RStudio Team, 2022). The Rand index is calculated as: 

R = (a + b)/(nC2) (4) 

Where a was the number of times a pair of ZCTAs belong to a sig
nificant space-time cluster, b was the number of times a pair of ZCTAs 
belong to different clusters, and nC2 is the number of unordered pairs in 
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a set of n ZCTAs. The Rand index was constrained between 0 and 1, 
where 0 indicated no similarity between clusters and 1 indicated perfect 
similarity between the clusters (e.g., the same number of ZCTAs 
belonging to a cluster in both suicide and depression). 

To determine if clusters shifted towards more rural or urban areas 
during the pandemic, we calculated the percentage of rural ZCTAs and 
urban ZCTAs identified in the univariate and multivariate clusters. 
Rurality was based on Rural-Urban Commuting Area (RUCA) Codes. 
RUCA codes 1–3 were considered urban, and codes 4–10 were consid
ered rural (USDA, 2020). 

4. Results 

4.1. Descriptive statistics 

Table 1 summarizes the demographic characteristics of all ED visits 
for depression and suicide-related outcomes for the pre-pandemic 
(March 2017 - February 2020) and pandemic periods (March 2020 - 
December 2021). During the pandemic, more males (1.7% increase), 
White individuals (4.1% increase), and Other Race individuals (0.6% 
increase), and fewer Black individuals (4.5% decrease) visited the ED for 
depression-related concerns. Depression ED visits declined in the 
months before the COVID-19 pandemic, before increasing in the initial 
months of the pandemic. In the latter part of the pandemic study period, 
depression ED monthly visits declined, with the lowest monthly cases 
reported in December 2021 (Supplemental Figure 2). 

More White individuals (4.2% increase), Other Race individuals 
(0.8% increase), and adolescents (ages 10–19, 0.8–1.6% increase), and 
fewer Black individuals (5.7% decrease) visited the ED for suicide- 
related outcomes during the pandemic. Suicide-related ED visits 

varied throughout the study periods and increased in December 2021 
(Supplemental Figure 2). 

4.2. Univariate clustering analysis for depression 

In the pre-pandemic period univariate SaTScan identified 26 
spatiotemporal depression clusters affecting 201 ZCTAs (Fig. 1) (Sup
plemental Table 2). During the pandemic, univariate cluster analysis 
identified 20 spatiotemporal depression clusters affecting 268 ZCTAs. 

Overall, during the pandemic, the relative risks for depression clus
ters were higher (RRpandemic=4.46 vs. RRpre-pandemic=4.05), and clusters 
were spatially larger as compared to pre-pandemic depression clusters. 
More ZCTAs were included in pandemic clusters (n = 67 more), than in 
the pre-pandemic period. Western NC was identified as the most likely 
cluster location, both before and during the pandemic, and clustering 
was prevalent in major urban areas, including Asheville, Charlotte, and 
Greensboro. More rural ZCTAs were identified in clusters during the 
pandemic, compared to before (11.6% higher) (Supplemental Table 3). 
Temporally, both before and during the pandemic, most clusters were 
persistent for 12 months (Supplemental Figure 3). During the pandemic, 
western and eastern North Carolina saw substantial increases in ZCTA- 
level risk for depression clustering, with some ZCTAs seeing over a 5% 
increase in risk (Fig. 2). 

4.3. Univariate clustering analysis for suicide-related outcomes 

In the pre-pandemic period univariate SaTScan identified 25 spatio- 
temporal suicide-related outcome clusters impacting 140 ZCTAs (Fig. 3) 
(Supplemental Table 4). During the pandemic, SaTScan identified 22 
spatio-temporal suicide-related outcome clusters affecting 165 ZCTAs. 

Table 1 
Demographic characteristics of depression and suicide-related (intentional self-harm, self-poisoning and toxic effects, suicidal ideation, and asphyxiation) ED visits 
pre-pandemic and during the pandemic. P-values indicate significant demographic differences between the proportion of visits in the pre compared to pandemic period 
for each outcome.   

Depression   Suicide-Related Outcomes    
Pre-Pandemic (March 2017- 
Feb, 2020) 

Pandemic (March 2020-Dec, 
2020) 

P Pre-Pandemic (March 2017- 
Feb, 2020) 

Pandemic (March 2020-Dec, 
2020) 

P 

n 509,203 185,644  163,771 87,612  
Average Monthly 

Visits 
14,144.53 8438.36  4549.19 3982.36  

Sex (%)   <0.001    
Male 178,042 (35.0) 68,187 (36.7)  84,750 (51.7) 45,071 (51.4)  
Female 331,161 (65.0) 117,457 (63.3)  79,021 (48.3) 42,541 (48.6)  
Race (%)   <0.001   <0.001 
Indigenous 

American 
6891 (1.4) 2380 (1.3)  2720 (1.7) 1492 (1.7)  

Asian 2656 (0.5) 743 (0.4)  1247 (0.7) 6,37 (0.7)  
Black 105,985 (20.8) 30,346 (16.3)  43,721 (26.7) 18,433 (21.0)  
White 379,685 (74.6) 146,059 (78.7)  108,346 (66.2) 62,202 (71.0)  
Other Race 13,986 (2.7) 6116 (3.3)  7737 (4.7) 4848 (5.5)  
Average Age 50.34 49.74  34.84 34.49  
Age Group (%)   <0.001   <0.001 
Under 9 689 (0.1) 171 (0.1)  1402 (0.8) 494 (0.6)  
10–14 11,253 (2.2) 5643 (3.0)  13,105 (8.0) 8367 (9.6)  
15–19 26,203 (5.1) 11,215 (6.0)  22,391 (13.7) 12,691 (14.5)  
20–24 27,786 (5.5) 11,041 (5.9)  18,008 (11.0) 9209 (10.5)  
25–29 31,775 (6.2) 11,644 (6.3)  17,648 (10.8) 8913 (10.2)  
30–34 31,799 (6.2) 12,465 (6.7)  15,060 (9.2) 8739 (10.0)  
35–39 33,345 (6.5) 11,501 (6.2)  14,489 (8.8) 7526 (8.6)  
40–44 34,440 (6.8) 11,691 (6.3)  12,840 (7.8) 6704 (7.7)  
45–49 41,053 (8.1) 12,926 (7.0)  13,048 (8.0) 5822 (6.6)  
50–54 45,236 (8.9) 14,397 (7.8)  12,450 (7.6) 6046 (6.9)  
55–59 47,714 (9.4) 16,510 (8.9)  10,614 (6.5) 5391 (6.2)  
60–64 41,860 (8.2) 15,137 (8.2)  5664 (3.5) 3444 (3.9)  
65–69 37,623 (7.4) 14,000 (7.5)  3217 (2.0) 1890 (2.2)  
70–74 33,025 (6.5) 13,124 (7.1)  1686 (1.0) 1103 (1.3)  
75–79 25,560 (5.0) 10,123 (5.5)  991 (0.6) 610 (0.7)  
80–84 19,184 (3.8) 7004 (3.8)  660 (0.4) 347 (0.4)  
Over 85 20,658 (4.1) 7052 (3.8)  498 (0.3) 316 (0.4)  

***Significant variability at p<0.001 
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Overall, pre-pandemic, relative risks for suicide-related clustering 
were slightly higher as compared to during the pandemic 
(RRpandemic=3.78 vs. RRpre-pandemic=3.98). However, cluster location 
and duration remained similar during the pandemic as compared to 
before, with most clusters lasting 12 months (Supplemental Figure 4). 
During the pandemic, more ZCTAs (n = 25 more) were identified in the 
suicide-related outcome clusters. Before and during the pandemic, the 
largest clusters were identified near urban areas, with Charlotte, 
Greensboro and Durham indicating persistent clustering. Smaller clus
ters, typically affecting only one ZCTA were identified in rural com
munities, both pre-pandemic and during the pandemic. A moderate 
increase in the percentage of clusters identified in rural areas was noted 
during the pandemic compared to before (1.7% higher) (Supplemental 
Table 3). During the pandemic, many ZCTAs in western and eastern 
North Carolina experienced an increased risk of suicide-related clus
tering, with some seeing up to a 9% increase in risk (Fig. 2). 

4.4. Co-occurrence of depression and suicide-related clusters 

In the pre-pandemic period (March 2017 - February 2020), multi
variate SaTScan identified 24 clusters affecting 207 ZCTAs, of these 20 
were co-occurring depression and suicide-related outcome clusters 
(Fig. 4) (Supplemental Table 5). Multivariate pre-pandemic cluster 
analysis detected similar spatial and temporal clustering patterns as 
those identified in the univariate depression and suicide-related 
outcome analyses during the pre-pandemic period. Multivariate clus
ter analyses highlighted western NC as the primary cluster location. 

During the pandemic (March 2020 - December 2021), 23 multivar
iate retrospective clusters were identified, affecting 291 ZCTAs (Sup
plemental Table 5). Of these clusters, 16 were co-occurring depression 
and suicide-related outcome clusters. Multivariate cluster analysis 

during the pandemic found more clusters identified as compared to the 
univariate depression clustering, and larger clusters as compared to the 
suicide-related outcome clustering. More multivariate clusters emerged 
in 2020 than 2021 (Supplemental Figure 5). The primary multivariate 
cluster identified during the pandemic was located in western NC. In line 
with findings from univariate clusters, more rural ZCTAs were identified 
in multivariate clusters during the pandemic (24.4%) as compared to 
before (17.9%) (Supplemental Table 3). 

4.5. Rand index 

Univariate suicide-related outcome cluster locations were the most 
similar pre-pandemic and during the pandemic (Rand: 0.79), though the 
multivariate clusters (Rand: 0.62) and univariate depression (Rand: 
0.61) cluster locations also exhibited spatial cluster overlap (Supple
mental Table 6). 

5. Discussion 

The aim of this study was to examine the spatiotemporal clustering of 
depression and suicide-related outcomes before and during the COVID- 
19 pandemic in North Carolina from 2017 to 2021. All three cluster 
analyses suggest poor mental health outcomes are pervasive during the 
ongoing public health response to the pandemic. Our results highlight 
that many locations have co-occurring mental health clusters, suggest
ing high mental health burdens among select populations. More rural 
communities were identified in clusters during the pandemic, as 
compared to before. Furthermore, the identification of primary 
depression and suicide-related co-occurrence in western North Carolina 
highlights a predominately rural population in immediate need of 
additional mental health resources during the pandemic and 

Fig. 1. Univariate depression clusters, pre-pandemic (A & B), and during the pandemic (C & D). Maps highlight cluster locations and cluster relative risk (A & C) and 
ZCTA (local) relative risk (B & D). 
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corroborates past research which has also identified western NC as 
location with high mental health burden (Martin et al., 2010; Sugg et al., 
2022). 

Depression cluster analysis revealed that many depression clusters 
emerged in the early response to the COVID-19 pandemic (March- 
October 2020), with cluster duration extending through September 
2021. The co-occurrence of depression and suicide-related outcome 
clusters showed that depression clusters emerged until January 2021 
and extended through December 2021, suggesting heightened 
depression-related mental health burden during the pandemic. Depres
sion clustering during the pandemic period may be attributed to 
pandemic-related stressors and events, with prior research illustrating 
increases in depression early in the pandemic (Czeisler, 2020; Runkle 
et al., 2022; Xiong et al., 2020), and sustained increases in depression 
through December 2020 (Lee and Singh, 2021; Thomas et al., 2021; 
Vahratian, 2021). 

Despite observed decreases in monthly depression ED visits and cases 

may have decreased statewide, specific locations, including western 
North Carolina, Charlotte, Greensboro, and many rural ZCTAs in eastern 
North Carolina, continued to show sustained mental health burden; with 
more clusters identified in rural ZCTAs during the pandemic as 
compared to before. The Rand Index also suggests that locations 
vulnerable to depression clustering changed somewhat during the 
pandemic, as compared to before, highlighting the need for frequent 
mental health assessments across different temporal periods. Further
more, more communities were identified in depression clusters (n =

469) compared to suicide-related clusters (n = 305), and depression 
clusters occurred in urban, rural, wealthy, and poor communities, 
highlighting the pervasive nature of depression. 

During the pandemic study period, suicide-related outcome clusters 
emerged through April 2021 and lasted through at least December 2021, 
suggesting a concerning sustained mental health burden relating to 
intentional self-harm, self-poisoning and toxic effects, suicidal ideation, 
and asphyxiation that may be attributed to the COVID-19 pandemic. 

Fig. 2. Percent change in relative risk for (A) depression clusters, and (B) suicide-related clusters, during the COVID-19 pandemic as compared to before the COVID- 
19 pandemic. 
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Prior long-term suicide-related outcome research during the COVID-19 
pandemic found increases in suicide-related outcome ED visits among 
female youth through December 2020 (Ridout et al., 2021) and among 
the general population through October 2020 (Holland et al., 2021). Our 
cluster analyses support these past findings, with more suicide-related 
outcome clusters emerging in the later months of the pandemic (e.g., 
July 2020-April 2021) as compared to the early months of the pandemic 
(e.g., March 2020-June 2020), with the highest risk cluster emerging in 
January 2021. 

Results from the Rand Index illustrate that locations vulnerable to 
suicide-related outcome clustering remained stable throughout the 
study period. These results stress the importance of mental health in
terventions in these vulnerable locations, with additional attention 
needed in western North Carolina, as it was identified as the primary 
cluster in all suicide-related cluster analyses. Western North Carolina is a 
region with heightened rural health disparities, facing unique trans
portation issues, limited access to mental health care, poor social de
terminants of health (high child poverty, high proportion of elderly, and 
an ongoing opioid epidemic), and above average behavioral health 
disorders (MAHEC, 2022). Western NC was identified as the primary 
cluster for the co-occurrence of depression and suicidality, highlighting 
the unique vulnerability of this location. Our work supports previous 
studies that have also identified mental health clustering in western NC 
prior to the pandemic period (Amin et al., 2022; Ryan et al., 2022; Sugg 
et al., 2022). 

The Rand Index revealed that multivariate cluster locations 
remained somewhat stable, though not as stable as the suicide-related 
outcome clusters, suggesting some of the locations vulnerable to co- 
occurring clustering may have changed during the pandemic as 
compared to before. 

5.1. Strengths and limitations 

This analysis is strengthened because of the fine scale spatial and 
longer temporal nature of ED visit dataset from NC DETECT that pro
vides statewide coverage of mental health at a sub-county spatial scale. 
Secondly, the use of standardized mortality ratios to calculate expected 
cases, based on actual case count, race, sex, and age, which were used as 
population values for SaTScan analysis, illustrates that clustering cannot 
be explained by these demographic factors alone. Additionally, the in
clusion of the Rand Index highlights the stability of clustering, providing 
important information (e.g. suicide-related outcome clusters were the 
most stable) for mental health care. Finally, the application of both 
univariate and multivariate cluster analyses highlights communities 
with heightened mental health burdens relating to the co-occurrence of 
mental health concerns. 

This study also has several limitations. First, selection bias may exist 
in how we defined our mental health outcomes. To mitigate this bias, 
patients with depression and/or suicide-related outcomes coded as 
either primary or secondary ICD-10-CM codes were included in this 
analysis. In addition, data were removed with missing demographic 
information (approximately 5%), and this removal process may have 
spatial or temporal bias. Second, mental health ED visits do not include 
therapy or outpatient care; thus, this analysis did not capture the true 
burden of depression or suicide-related outcomes. However, as our 
analysis is focused on ED visits it represents an extremely vulnerable 
population with limited access to care or knowledge of other mental 
health resources. Third, like many studies using administrative hospital 
datasets, we were not able to account for individuals who relocated or 
moved from 2017 to 2021, yet our analysis of mental health burdens was 
conducted at the community level. Fourth, our space-time cluster 
approach utilized fixed scanning window sizes (i.e., cylindrical), which 

Fig. 3. Univariate suicide-related outcome clusters, pre-pandemic (A & B), and during the pandemic (C & D). Maps highlight cluster locations and cluster relative 
risk (A & C) and ZCTA (local) relative risk (B & D). 
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may not capture the “true” shape of the clusters. However, visualizing 
the RR of each location that belonged to a cluster mitigates this issue by 
highlighting the highest-risk ZCTAs within each cluster. Future research 
can adjust for potential accessibility and availability of ED providers. 
Finally, we acknowledge that the timing of social distancing, quaran
tines, and other public health mandates and hospital restrictions have 
varied spatially and temporally, which may have influenced the detec
tion of clusters during the COVID-19 pandemic. Depending on data 
availability, future research can explicitly account and adjust for 
spatially- and temporally-varying mandate variables when computing 
expected cases. 

6. Conclusions 

To the authors’ knowledge, this is the first analysis to consider co- 
occurring mental health clustering during the COVID-19 pandemic. 
The inclusion of ED visit data extending through December 2021 pro
vides one of the longest-term mental health and COVID-19 analyses to 
date. Our results highlight concerning trends in sustained depression 
and suicide-related outcome clustering, illustrating a prolonged mental 
health burden for many communities, particularly in western North 
Carolina. Our results revealed important differences in spatio-temporal 
depression and suicide-related outcome clustering before and during 
the COVID-19 pandemic. More rural communities were identified in 
clusters during the pandemic as compared to before, highlighting the 
need for additional mental health resources in these rural communities. 
Findings identified geographically vulnerable locations with mental 
health burden during the pandemic and can help guide future mental 
health interventions. 
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