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Abstract 
Objective: To examine whether overdose deaths and related metrics—overdose calls for service 
to police and non-fatal overdose emergency department visits—in Delaware follow within-year 
(i.e., seasonal) patterns during the most recent years of the opioid epidemic (2016-2020). 
Methods: We begin by providing descriptive statistics on yearly trends in overdose metrics, 
followed by Analysis of Variance (ANOVA) to analyze whether seasonal variations have a 
significant impact on the patterns of Delaware’s overdose metrics while controlling for annual 
variations. Results: We find yearly variations across the three overdose-related metrics, with 
overdose deaths reporting the only consistent increases per year. Within-year, or seasonal, 
variations show the spring months have the most consistent increases in overdose deaths and 
overdose calls for service across years we studied. Finally, we report significant differences for 
all overdose metrics across years and seasons. Conclusions: As in prior studies, we find 
significant variation in overdose-related metrics by season in Delaware. Policy Implications: 
These findings lend support to existing interventions in slowing yearly growth in overdose 
deaths. However, allocation of resources and interventions to specific times of the year—when 
overdoses are highest—may further reduce risks and harms. 

Introduction 
Recently, the News Journal in Delaware published the disappointing news from the State’s 
Division of Forensic Science that overdose deaths in 2020 increased, yet again, and set a record 
at 447 lives lost.1 This represents an increase of 3% from 2019 (N = 431). As opioid-related 
morbidity continues in Delaware and across the nation, professionals, policymakers, and other 
stakeholders are busy seeking solutions.2 To date, there is a voluminous literature on the factors 
driving today’s opioid problem as well as past drug crises.3,4 This existing research has most 
often addressed questions around who, what, where, and why the opioid epidemic is persisting 
and has also guided policymakers and professionals in formulating and implementing solutions. 
However, some questions remain understudied and warrant further attention. One question that 
remains includes how overdose deaths might vary throughout the year or seasonally. In other 
words, is there a certain time of the year—or a certain season—when drug overdoses, and deaths 
from them, are likely to be higher or lower in prevalence? 
Currently, research focusing on “when” most often investigates yearly variations in overdoses 
and only a few studies have investigated distinct and shorter time periods, such as variations 
from season to season. Thus, our knowledge about overdose death trend variations within a given 
year is generally lacking. Scientific study of within-year (i.e., seasonal, or quarterly) overdose 
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trends can enhance intervention efforts by sharpening best practices, improving budget allocation 
and resource deployment, and assisting communities when their residents are at greatest risk and 
most in need. An analysis of seasonal variations over time can, for example, uncover if patterns 
seen in one year are unique in comparison to others or whether these patterns are part of a 
consistent trend that interventionists can plan for accordingly. 
Given this, our study investigates seasonal trends in overdose metrics for the state of Delaware 
between 2016 to 2020. We examine three overdose-related metrics to capture the scope of the 
problem: overdose deaths, non-fatal overdose emergency department visits, and overdose calls 
for service made to Delaware law enforcement agencies. Our analysis establishes the yearly 
trends and differences between these metrics before turning to the within-year, or seasonal, 
variations of them. Based on our findings, we conclude our discussion by offering policy 
implications that may help to address seasonal variations of overdoses within Delaware. 

Within-Year Variations in Social and Behavioral Health Outcomes 
Overtime, there have been important studies published on seasonal or quarterly variations in 
numerous behavioral health outcomes, including crime rates, suicide, and substance use. For the 
most part, seasons and quarters correspond with each other because they are both measured in 
three-month units that closely align with astronomical seasons and the Gregorian calendar.5,6 For 
example, the second quarter of the year includes April, May, and June, which overlaps most 
closely with springtime in the Northern Hemisphere since the summer solstice does not occur 
until the later part of June—approximately June 21 each year to be precise.5,6 Studies to date 
have generally shown within-year cycles for each of these phenomena, but their fluctuations 
depend on myriad factors (e.g., weather, type of crime observed). The next sections briefly 
review existing knowledge about within-year or seasonal variations in crime, suicide, and 
substance use to inform our research objective. 

Crime 
In a study of crime rates across US cities, McDowall, Loftin, and Pate found that all major 
crimes (i.e., violent and property index crimes) showed similar seasonal trends.7 Specifically, 
most of the crime rates peaked in the summer months (July or August) and dropped to their 
lowest point during the winter (i.e., December, January, and February). Robbery and murder 
were exceptions to this pattern. Robbery peaked in December while murder did so in August.7 
Notably, they reported that February tended to be the lowest point for crimes in their analysis. In 
a later analysis, McDowall and Curtis examined the within-year variations in assault and 
homicide more closely.8 They found patterns for both forms of violence, but that within-year 
patterns are more pronounced for assaults than for homicides. 

Suicide 
Suicide is another behavioral health outcome studied through a within-year framework. For 
example, Rocchi, Miotto, and Preti considered within-year trends in suicide in Italy from 1984 to 
2000 and compared these trends to those of overdose deaths.9 Suicide risk for males was higher 
between March and July, months spanning from late-winter/early-spring to summertime, while 
female suicide risk was highest during February/March and September. In another study, Rocchi, 
Sitsi, Cascio, and Preti observed suicide by season in Italy again from 1974 to 2003.10 Based on 
their analysis, the authors reported a notable suicide peak during the spring relative to other 
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seasons and, also, that this trend persisted over the entire time frame they considered.10 More 
recently, Yu et al.’s research supported the spring peak and winter decline in suicides across 
several countries.11 

Substance Use and Overdoses 
Prior studies of within-year patterns in drug overdoses tend to show fluctuations throughout the 
year. For example, Rocchi et al. reported drug-involved death trends suggesting a higher risk of 
death in cooler months with two peaks in the December-January.9,12 However, they also found a 
spike in August. As such, Rocchi et al. conclude there are within-year patterns regarding 
unintentional overdose deaths in Italy.9,12 Notably, these overdose trends differ from the pattern 
Rocchi et al. reported for suicides.9 Years later, Sadler and Furr-Holden’s study in Flint and 
Genesee County in Michigan revealed the summer (110) had the fewest opioid overdose deaths 
with the most occurring in the spring (151), followed by winter (143), and finally the fall (139).13 
Sadler and Furr-Holden (2019) noted these findings offered some contradiction to a study in 
Ohio conducted by Weiner et al. showing prescriptions for opioids were more common in the 
summer.13,14 
Other studies have examined overdoses in relation to quarterly trends, that closely parallel 
seasons, with Q1 typically being the winter (January - March), Q2 the spring (April - June), Q3 
the summer (July - September) and Q4 the fall (October - December). In doing so, Vivolo-
Kantor et al. reported that the highest change rate increase in suspected opioid overdose 
emergency department visits happened between Q1 of 2017 and Q2 of 2017 (13.15%), or as 
winter transitions to spring.15 The second highest change occurred between Q2 of 2017 and Q3 
of 2017 (7.68%) (i.e., as spring transitions to summer) when examining National Syndromic 
Surveillance Program (NSSP) data from July 2016 to September 2017. On the other hand, in 
their examination of Enhanced State Opioid Overdose Surveillance Program (ESOOSP) data, 
Vivolo-Kantor et al. found that the highest growth rate increase occurred between Q1 and Q2 of 
2017 (13.06%) (i.e., as winter transitions to spring) with the changes between Q3 and Q4 of 2016 
(8.91%) (i.e., as summer transitions to fall) and Q4 of 2016 and Q1 of 2017 (9.09%) (i.e., fall 
transitions to winter) close behind.15 
Based on these studies, opioid-related complications appear to be more prominent during the 
spring (Q2 in 2017) and summer, with some escalation in fall months (Q3 of 2017). These 
findings coincide with overdose death trends to some degree with the spring having a relatively 
higher prevalence of emergency visits and overdose deaths and the emergency visits increasing 
further in the summer.9,12,13 Overall, for opioid-related emergency department visits, there were 
increases between each quarter or season, but the only statistically significant change occurred 
for the entire time frame under study—from Q3 (or fall) of 2016 to Q3 of 2017.15 Thus, quarter-
to-quarter fluctuations were not significantly different from one another. 
In another examination of suspected heroin overdose emergency visits, Vivolo-Kantor, Hoots, 
David, & Gladden reported seasonal or quarterly changes between 2017 to 2018.16 They found a 
significant increase between Q1 and Q2 of 2017 (i.e., as winter transitions to spring), a 
significant decrease between Q3 and Q4 of 2017 (i.e., as summer transitions to fall), another 
significant decrease between Q4 of 2017 and Q1 of 2018 (i.e., as fall transitions to winter), and a 
significant increase between Q1 of 2018 and Q2 of 2018 (i.e., as winter transitions to spring). 
These results suggest emergency room visits relating to heroin use are most prevalent during Q2 
(April, May, June or the spring) and tend to decline throughout the remainder of the year. Thus, a 
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national sample of heroin emergency visits appear more prevalent during spring months similar 
to overdose deaths according to Sadler and Furr-Holden’s study.13 Finally, in a study of 
Cincinnati, Ohio examining overdose emergency calls that were heroin-involved, there were 
three reported spikes during the period of study: September of 2016, March of 2017, and July of 
2018.17 In addition, Li et al. included measures of temperature and precipitation to account for 
seasonal variations in monthly overdose calls and found higher temperatures were positively 
related to the prevalence of calls for heroin overdoses.17 
In sum, research confirms the existence of within-year or seasonal patterns for substance use and 
overdose-related phenomena. However, there are important variations depending on the 
measures considered and location of the study. In Italy, overdose deaths were higher in 
December-January and August, which appears to be partially inconsistent with findings from US 
settings regarding emergency visits for overdoses.9,12 On the one hand, Vivolo-Kantor et al. 
found the largest increase in opioid-related overdose emergency department visits occurred 
between winter and spring (i.e., Q1 and Q2) in 2017, but a further increase between spring and 
summer (i.e., Q2 and Q3) of 2017, making the summer months those with the most visits.15 Their 
conclusion about this additional increase appears less pronounced when examining the ESOOSP 
data relative to NSSP data. Since Q3 includes the month of August, the Vivolo-Kantor et al. 
finding suggests possible overlap with the overdose death spike Rocchi et al. found.9,12,15 On the 
other hand, using ESOOSP data, Vivolo-Kantor et al. report the highest increases in heroin-
involved emergency calls from Q1-Q2 (i.e., winter to spring) in both 2017 and 2018, which 
includes the months transitioning from winter to spring.16 Notably, Vivolo-Kantor et al.’s Q2 
(spring) finding is consistent with what Sadler and Furr-Holden found in Flint, Michigan where 
they reported opioid-related overdose deaths to be highest in the spring and lowest in the 
summer; however, this is inconsistent with opioid prescription patterns in OH and overdose 
deaths in Italy since both had a higher prevalence in the summer.9,12–14,16 

Overdose Emergency Department Visits in Delaware 
Notably, two of the studies discussed above included opioid overdose data from Delaware.15,16 
First, the state-specific change rate trends using the ESOOSP data from Q3 (i.e., fall) of 2016 to 
Q3 of 2017 for Delaware showed increases between each season or quarter.15 Their limited 
timeframe study found the largest increases in emergency visits for opioid-related overdoses 
between Q1 (i.e., January, February, March) and Q2 (i.e., April, May, June) or as winter 
transitions to spring (43.00%) in 2017, but the prevalence of visits increases even further as 
spring (Q2) gives way to summer (Q3: July, August, September) (18.76%). Using ESOOSP data, 
Vivolo-Kantor et al. also examined change trends in suspected heroin overdoses across states 
from Q1 (winter) of 2017 to Q2 (spring) of 2018.16 For Delaware, there was a significant 
increase between Q1 (winter) and Q2 (spring) of 2018 (37.4%) and a further significant increase 
of 22.9% from Q2-Q3 (i.e., spring to summer) of 2017. In contrast, there were declines in 
suspected overdoses from Q3-Q4 (2017) and Q4 of 2017 to Q1 of 2018, and a nonsignificant 
increase from Q1-Q2 of 2018. These results suggest that suspected heroin overdoses increase in 
Delaware as the winter becomes spring and again as the spring becomes summer before 
declining throughout the fall and winter. These seasonal patterns are partially consistent with 
previous findings relating to overdose deaths and other related measures.9,12,14,17 Given the 
patterns and inconsistencies reported, we further investigate the within-year trends in Delaware 
using a wider time frame across three overdose metrics to determine if there are similarities or 
differences with these past studies. 
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Explanations of Within-Year Trends 
Several possible explanations have been hypothesized about these seasonal fluctuations in 
behavioral health outcomes. Temperature-aggression theories propose higher temperatures and 
humidity levels lead to irritability among people in ways that may increase rates of violence, 
especially in summer months (i.e., or Q3).7 Other arguments draw on routine activities theory 
and suggest weather changes influence how people behave and structure their activities.7,18 
Pleasant weather may motivate outdoor activities away from home, thus increasing exposure to 
victimization. Thus, differences in routine social activities, not just weather patterns, may 
influence patterns of social and behavioral health outcomes throughout the year.7 For overdose 
deaths specifically, within-year trends could also be a result of fluctuations in illicit substance 
availability or the ability of others to respond to an overdose.9,12,19 Both the temperature-
aggression and routine activities theories posit increased spikes of behavioral health outcomes in 
the warmer months (i.e., spring and summer). 
Psychosocial explanations also explain seasonal variations via individual expectations about 
events and holidays. For example, the increased likelihood of suicide escalating in the spring (or 
Q2), on weekends, or around holidays may result from failed expectations of them, leading to 
increased individual risk.20 Rocchi et al. also used a psychosocial framework and suggested some 
parts of the year (i.e., Christmas, New Year’s arrival, end of school year) are more likely to 
create a discrepancy between experiences and expectations, resulting in substance use and 
increased overdose risk.9,12 

Our Study 
As detailed above, existing research suggests that overdoses and related social phenomena have a 
within-year pattern related to seasons or quarters. However, such patterns may vary by other 
factors including location or year.9,12–14,18 We build on this existing literature by considering the 
within-year variation of overdose deaths, non-fatal overdose emergency department visits, and 
calls for service related to overdoses in Delaware from 2016 to 2020. Our approach studies 
seasonal fluctuations that approximate the Gregorian calendar: winter, spring, summer, and 
fall.9,12,20 Next, we discuss our methodological approach to exploring questions about the 
seasonality of overdose deaths and related phenomena in Delaware before reporting our findings 
and offering possible solutions to the seasonal variations we report in our findings. 

Data and Methods 
We analyze yearly and quarterly trends between 2016 and 2020 using multiple overdose 
indicators in the state of Delaware. Specifically, we examine trends in drug overdose deaths, 
calls for service made to the police concerning overdoses, and emergency room visits for 
overdoses that do not result in death. We consider these separate estimates since comparing 
metrics from multiple datasets allows us to draw more valid conclusions about overdose trends. 

Data 
The overdose death data for this study come from toxicology files and death reports from the 
Delaware Department of Forensic Sciences from 2016 to 2020. We produced quarterly counts 
for each year based on the recorded day of death for each fatal overdose. All deaths were 
included in these counts (e.g., out of state residents or persons under 18 years of age). Separate 
from overdose deaths, police overdose calls for service data were provided by the Delaware 
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Justice Information System (DELJIS). Delaware police respond to overdoses and DELJIS codes 
them accordingly with the date of the incident. We used this information to calculate quarterly 
counts of calls for service for overdose incidents also spanning the years of 2016 to 2020. 
Monthly data on non-fatal overdose emergency room visits were reported by the Delaware 
Department of Health and Social Services during a presentation.21 We then aggregated these data 
to quarterly/seasonal counts to match our other metrics. Whether an emergency room visit is 
related to a drug overdose is determined using syndromic surveillance definitions found in the 
National Syndromic Surveillance Platform. Non-fatal overdose emergency room visits are 
expressed as cases per 10,000 emergency room visits given the format in which these data were 
made available. 

Analytic Strategy 
Our analysis begins with descriptive statistics of yearly trends spanning 2016 to 2020 and 
subsequently analyzes seasonal variation within the three overdose measures. As such, the 
seasons are winter (January, February, March), spring (April, May, June), summer (July, August, 
September), and fall (October, November, December). We use the Analysis of Variance 
(ANOVA) approach to test whether within-year variations have a significant impact on the 
variability of Delaware’s overdose metrics, controlling for annual variations. ANOVA partitions 
the variability in each of the overdose metrics into components that are caused by the factors 
tested (years and quarters). The contribution of each component to the total variability in the 
metrics is then tested for significance.22,23 The analysis assumes the model fits the data well and 
the errors are normally and independently distributed with mean zero and constant, but unknown 
variance.24 Violations of assumptions and model adequacy were evaluated through the 
examination of probability distributions of the overdose metrics and residual plots of the fitted 
model (i.e., normal quantile plots, distribution of residuals over time, residual vs predicted values 
plot). Visual inspection as well as additional statistical indicators indicate normal distributions of 
residuals and compliance with all modelling assumptions. 
As an omnibus test, ANOVA helps us to detect the impact of within-year variations on the 
overdose metrics, but further analyses need to be performed to answer the following questions. 
First, which quarters/seasons differ significantly from the overall mean of the respective 
response variable? Second, which quarters/seasons differ from each other? The first question is 
answered using the Analysis of Means (ANOM) approach. It identifies quarters with means that 
differ significantly from the overall mean of all quarters, with annual variations controlled. The 
second question is answered using Tukey’s honestly significant difference (HSD) method.25 It 
performs all pairwise comparisons between the quarterly means using the q-distribution (i.e., the 
exact sampling distribution based on the largest differences of two means from the same 
population). Controlling for annual variations, our analysis approach allows us to determine not 
only which quarters/seasons are significantly different from the Delaware average, but also 
whether they are significantly different from each other. For example, controlling for annual 
variation, we can determine whether the months of Q3, which includes two of the 
warmer/summer months of the year, are significantly different from the Q4, Q2, or Q1. 
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Results 

Yearly Trends in Overdose-Related Metrics 
Figure 1 shows a steady and rising trend for all three overdose-related metrics for 2016 and 
2017. However, these trends start to diverge in 2018. Between 2018 and 2019, both calls for 
service and total overdose deaths continue to increase—though at a smaller rate than in previous 
years. At the same time, non-fatal overdose emergency visits began to decline—down 6.0% from 
2018 to 2019—and continued to decline from 2019 to 2020 at a rate of 15.0%. Between 2019 
and 2020, calls for service also slow down and start to decline. Specifically, despite yearly 
increases ranging from 118.0% (2016-2017) at the highest and 4.0% (2018-2019) at the lowest 
increase, the trend in calls for service declined by 7.0% from 2019 to 2020. On the other hand, 
overdose deaths continued to increase between 2019 and 2020, but at a smaller rate than previous 
years. Specifically, there was a 3.0% increase in overdose deaths from 2019 to 2020 compared to 
the 8.0% (2018-2019), 16.0% (2017-2018), and 13.0% (2016-2017) increases in the previous 
ones. 
Overall, overdose deaths are the only measure to increase consistently across the time-period 
under observation, with deaths ranging from 306 in 2016 to 446 in 2020. As these trends suggest, 
there is considerable yearly variation in calls for service to police, non-fatal overdose emergency 
department visits, and overdose deaths. That is, the trends across these measures are not parallel; 
they do not share a similar pattern from year-to-year during the 2016 to 2020 timeframe. It is 
these divergences that we explore further next through a within-year seasonal analysis. 
Figure 1. Yearly Trend and Percentage Change of Overdose-Related Metrics (2016-2020) 
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Figure 2 displays seasonal variations in the three overdose-related metrics by year. Specifically, 
each seasonal data point reflects its three-month average value for its respective year. The flat 
and solid straight lines running through each square of Figure 2 represent the overall mean (�̅�𝑥) of 
each variable (i.e., overdose deaths = 32.13 per month, calls for service = 101.65, and non-fatal 
overdose emergency visits = 126.5). Monthly average values of the response variables for each 
season are shown using a straight dashed line and the 95% confidence intervals of each average 
are represented by the grey bands. The upper and lower confidence limits are mentioned at the 
respective boundaries of the bands. Thus, as an example, the average calls for service for 
overdoses is 105.3 in the winter (January, February, and March), and 162.2 is the upper limit of 
this average while 48.3 is the lower 95% confidence limit. 
Figure 2 shows quarterly differences in the three overdose-related metrics. For the Winter, 
(January, February, March), non-fatal drug overdose emergency visits increased in the early 
years (2016 and 2017) but declined and leveled-off by 2018. In contrast, both overdose calls for 
services and deaths increased in the winter, except for a slight decline for both from 2018 to 
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2019. That said, overdose deaths during the winter have increased to the point of falling slightly 
beyond the upper-95% confidence interval for this quarter. As for spring (April, May, June), 
non-fatal overdose emergency visits have been stable since 2017 while the other two estimates 
have seen increases throughout this quarter. Specifically, calls for service to police have seen an 
upward trend since 2016, but this appears to be leveling-off some in later years for this season. 
On the other hand, overdose deaths in the spring have been rising since 2017, and this upward 
trend appears more substantial than calls for service and overdose deaths in this quarter of 2020, 
escalating beyond the upper limit of the 95% confidence interval again. Moving onto summer 
(July, August, September), all three measures increased early on but have leveled-off or even 
declined since 2018. Specifically, overdose deaths in the summer have been stable since 2018, 
non-fatal overdose emergency visits have been declining since 2018, with calls for service 
declining in 2019 after steadily increasing before then. 
Finally, fall (October, November, December) has seen increases and declines in all three 
measures over the years of study. Both calls for service and non-fatal overdose emergency visits 
increased substantially between 2016 and 2017 but remained fairly stable afterwards. On the 
other hand, overdose deaths did not spike upwards in the winter until 2019. However, all three 
overdose measures declined significantly between 2019 and 2020 during the winter, suggesting 
that this season is not as problematic in overdose-related measures in Delaware compared to 
studies from other locations.9,12 Overall, the spring months (Q2) report increases in calls for 
service and overdose deaths beyond the other seasons. However, winter has also seen increases 
in both of these measures for most years. 
Figure 2. Seasonal Overdose-Related Metrics by Year (2016-2020) 
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Table 1. ANOVA Results Assessing Differences across Years and Seasons 

 Years 
(p-value) 

Seasons 
(p-value) 

Total OD Deaths 0.0003*** 0.0272* 

Calls for Service <0.0001*** 0.0005*** 

All Drug-Non-Fatal ODs <0.0001*** <0.0001*** 

* p<.05 **p<.01 ***p<.001 
We also explored the degree to which the seasonal measures varied from their overall mean. 
Regarding overdose deaths, we find that only the winter is significantly lower than the overall 
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average at the 95% confidence level while the remaining seasons are not significantly different 
from the average. As for calls for service and non-fatal overdoses emergency visits, both are 
significantly higher in the summer, but significantly lower in the winter when compared to their 
respective means. In sum, these findings support the variation we saw in the trends from Figures 
1 and 2. While the results discussed so far are notable in and of themselves, we now turn to 
which quarters are significantly different from each other (see Table 2). 
Table 2. Tukey’s HSD Results Assessing Differences between Specific Seasons 
  Total OD Deaths Calls for Service Non-Fatal OD 

Winter Spring 0.0383* 0.0110* 0.0008*** 
Winter Summer 0.0499* 0.0005*** <.0001*** 
Winter Fall 0.4348 0.3951 0.2748 
Spring Summer 0.9995 0.7374 0.7781 
Spring Fall 0.6008 0.3598 0.1112 

Summer Fall 0.6681 0.0478* 0.0106* 

* p<.05 **p<.01 ***p<.001 
Pairwise comparisons between the seasons, using Tukey HSD, enabled us to uncover significant 
variations at the 95% confidence level. When comparing winter and spring, we found overdose 
deaths, calls for service, and non-fatal overdose emergency visits all differ significantly between 
these two seasons. Similarly, when comparing winter and fall, we again found significant 
variation across all three measures. When comparing fall and winter, we found differences in two 
of the three overdose measures. Specifically, calls for service to police for overdoses and non-
fatal overdose emergency visits significantly varied between fall and winter, while total overdose 
deaths did not vary significantly between these two seasons. On the other hand, when comparing 
winter with spring, summer and fall, and spring with winter, there were no significant differences 
for any of the three overdose-related measures. 

Discussion 
Within-year trends have been a topic of public health and safety scholarship over time for many 
behavioral health outcomes. There is significant value in studying within-year variations to help 
create effective policies and interventions to halt today’s stubborn opioid epidemic. Yet, this 
existing literature has important gaps. In this study, we sought to address these gaps by 
investigating seasonal variations in three overdose metrics across a five-year period. 
Our study reports yearly differences between the three overdose-related metrics we studied, 
suggesting they are separate but related phenomena. For example, the trendline divergence of 
emergency room mentions and police service calls for overdoses from overdose deaths (since 
2018 and 2019) suggests the independent nature of these three metrics in recent years. From 
these data, we might alternatively ask if overdoses are slowing down as even the overdose death 
metric reported a modest uptick (i.e., 3%) in 2020 compared to previous years. 
Next, we found significant differences in within-year or seasonal variation in the three overdose-
related metrics we studied, which is another indication that they are independent phenomena. We 
found the number of overdose emergency room visits, police calls for service, and deaths was 
consistently lower in the winter months compared to the spring and summer, but not compared to 
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fall. Summer consistently reported the highest averages for all three metrics across the years we 
studied, with a small exception for spring overdose deaths. Even though summer reported the 
highest seasonal averages across the years we studied, summer averages were only significantly 
different from the winter for all three metrics and from the fall months for two of the three 
metrics studied. 

Public Health Implications 
The findings reported from our study have implications for public health and safety efforts 
underway in Delaware and beyond to combat its opioid crisis. The yearly decline or slowing of 
overdose metrics in the state since 2016 may offer support for some of Delaware’s efforts in 
addressing the problem, including its reformation of prescription drug monitoring program 
(PDMP) laws and opioid prescribing practices; its expansion of naloxone distribution and 
medications for opioid use disorders; and its partnerships between public health and law 
enforcement agencies to divert individuals with substance use disorders to treatment instead of 
the criminal justice system. Yet, as we begin seeing a rise in opioid use in combination with 
other drugs (e.g., cocaine and methamphetamines),26–30 Delaware should expand existing efforts 
to address poly-drug use. Further, the results here also suggest that state officials may want to 
expand and focus these interventions and others in the summer months since that season presents 
the greatest risk of overdose in the state. This may be challenging since the summer often marks 
the end of the fiscal year and a period when many, including first responders and others, take 
vacation. 

Acknowledgements 
This study is part of the “Delaware Opioid Metric Intelligence Project.” DOMIP is supported by 
the National Institute of Justice (Grant No. 2017-IJ-CX-0016). The findings and discussion 
reported here do not necessarily reflect the views of NIJ. 
Tammy L. Anderson can be contacted at tammya@udel.edu 

References 
1. Horn, B. (2021, July 16). Delaware sees record year in overdoses—again—as Covid-19 and 

addiction collide. The News Journal. 
https://www.delawareonline.com/story/news/2021/07/16/delaware-lost-447-people-
overdose-deaths-2020-grim-milestone/7976691002/ 

2. Dasgupta, N., Beletsky, L., & Ciccarone, D. (2018, February). Opioid crisis: No easy fix to 
its social and economic determinants. American Journal of Public Health, 108(2), 182–186.  
PubMed https://doi.org/10.2105/AJPH.2017.304187 

3. Bedi, R. P., & Duff, C. T. (2009). Prevalence of counselling alliance type preferences across 
two samples. Canadian Journal of Counselling and Psychotherapy, 43(3), 150–164. 

4. Jalal, H., Buchanich, J. M., Roberts, M. S., Balmert, L. C., Zhang, K., & Burke, D. S. (2018, 
September 21). Changing dynamics of the drug overdose epidemic in the United States from 
1979 through 2016. Science, 361(6408), eaau1184.  PubMed 
https://doi.org/10.1126/science.aau1184 

https://pubmed.ncbi.nlm.nih.gov/29267060
https://pubmed.ncbi.nlm.nih.gov/29267060
https://doi.org/10.2105/AJPH.2017.304187
https://pubmed.ncbi.nlm.nih.gov/30237320
https://doi.org/10.1126/science.aau1184


Doi: 10.32481/djph.2021.12.014 

5. National Centers for Environmental Information. (2021, March 18). Meteorological Versus 
Astronomical Seasons. National Oceanic and Atmospheric Administration. 
https://www.ncei.noaa.gov/news/meteorological-versus-astronomical-seasons 

6. Smith, G. (2014, October 27). As Earth wobbles due to precession, do the seasons change in 
regard to the months (i.e., 13,000 years from now, will June be winter for the Northern 
Hemisphere and December summer)? Astronomy. https://astronomy.com/magazine/ask-
astro/2014/10/shifting-seasons 

7. McDowall, D., Loftin, C., & Pate, M. (2012). Seasonal cycles in crime, and their variability. 
Journal of Quantitative Criminology, 28(3), 389–410. https://doi.org/10.1007/s10940-011-
9145-7  

8. McDowall, D., & Curtis, K. M. (2015). Seasonal variation in homicide and assault across 
large US cities. Homicide Studies, 19(4), 303–325. 
https://doi.org/10.1177/1088767914536985  

9. Rocchi, M. B., Miotto, P., & Preti, A. (2004, September-December). Seasonal variation in 
suicides and in deaths by unintentional illicit acute drug intoxications. Addiction Biology, 
9(3-4), 255–263.  PubMed https://doi.org/10.1080/13556210412331292587 

10. Rocchi, M. B., Sisti, D., Cascio, M. T., & Preti, A. (2007, June). Seasonality and suicide in 
Italy: Amplitude is positively related to suicide rates. Journal of Affective Disorders, 100(1-
3), 129–136.  PubMed https://doi.org/10.1016/j.jad.2006.10.003 

11. Yu, J., Yang, D., Kim, Y., Hashizume, M., Gasparrini, A., Armstrong, B., . . . Chung, Y. 
(2020, August 24). Seasonality of suicide: A multi-country multi-community observational 
study. Epidemiology and Psychiatric Sciences, 29, e163.  PubMed 
https://doi.org/10.1017/S2045796020000748 

12. Rocchi, M. B., Miotto, P., & Preti, A. (2003, October 24). Distribution of deaths by 
unintentional illicit drug overdose in Italy based on periodicity over time, 1984-2000. Drug 
and Alcohol Dependence, 72(1), 23–31.  PubMed https://doi.org/10.1016/S0376-
8716(03)00186-8 

13. Sadler, R. C., & Furr-Holden, D. (2019, November 1). The epidemiology of opioid overdose 
in Flint and Genesee County, Michigan: Implications for public health practice and 
intervention. Drug and Alcohol Dependence, 204, 107560.  PubMed 
https://doi.org/10.1016/j.drugalcdep.2019.107560 

14. Weiner, S. G., Baker, O., Poon, S. J., Rodgers, A. F., Garner, C., Nelson, L. S., & Schuur, J. 
D. (2017, December). The effect of opioid prescribing guidelines on prescriptions by 
emergency physicians in Ohio. Annals of Emergency Medicine, 70(6), 799–808.e1.  PubMed 
https://doi.org/10.1016/j.annemergmed.2017.03.057 

15. Vivolo-Kantor, A. M., Seth, P., Gladden, R. M., Mattson, C. L., Baldwin, G. T., Kite-
Powell, A., & Coletta, M. A. (2018, March 9). Vital signs: Trends in emergency department 
visits for suspected opioid overdoses—United States, July 2016–September 2017. MMWR. 
Morbidity and Mortality Weekly Report, 67(9), 279–285.  PubMed 
https://doi.org/10.15585/mmwr.mm6709e1 

https://doi.org/10.1007/s10940-011-9145-7
https://doi.org/10.1007/s10940-011-9145-7
https://doi.org/10.1177/1088767914536985
https://pubmed.ncbi.nlm.nih.gov/15511721
https://doi.org/10.1080/13556210412331292587
https://pubmed.ncbi.nlm.nih.gov/17126407
https://doi.org/10.1016/j.jad.2006.10.003
https://pubmed.ncbi.nlm.nih.gov/32829741
https://doi.org/10.1017/S2045796020000748
https://pubmed.ncbi.nlm.nih.gov/14563540
https://doi.org/10.1016/S0376-8716(03)00186-8
https://doi.org/10.1016/S0376-8716(03)00186-8
https://pubmed.ncbi.nlm.nih.gov/31586805
https://doi.org/10.1016/j.drugalcdep.2019.107560
https://pubmed.ncbi.nlm.nih.gov/28549620
https://doi.org/10.1016/j.annemergmed.2017.03.057
https://pubmed.ncbi.nlm.nih.gov/29518069
https://doi.org/10.15585/mmwr.mm6709e1


Doi: 10.32481/djph.2021.12.014 

16. Vivolo-Kantor, A. M., Hoots, B., David, F., & Gladden, R. M. (2019, July). Suspected 
heroin overdoses in US emergency departments, 2017–2018. American Journal of Public 
Health, 109(7), 1022–1024.  PubMed https://doi.org/10.2105/AJPH.2019.305053 

17. Li, Z. R., Xie, E., Crawford, F. W., Warren, J. L., McConnell, K., Copple, J. T., . . . 
Gonsalves, G. S. (2019, November 12). Suspected heroin-related overdoses incidents in 
Cincinnati, Ohio: A spatiotemporal analysis. PLoS Medicine, 16(11), e1002956.  PubMed 
https://doi.org/10.1371/journal.pmed.1002956 

18. Linning, S. J., Andresen, M. A., Ghaseminejad, A. H., & Brantingham, P. J. (2017). Crime 
seasonality across multiple jurisdictions in British Columbia, Canada. Canadian Journal of 
Criminology and Criminal Justice, 59(2), 251–280. https://doi.org/10.3138/cjccj.2015.E31  

19. Goedel, W. C., Marshall, B. D. L., Spangler, K. R., Alexander-Scott, N., Green, T. C., 
Wellenius, G. A., & Weinberger, K. R. (2019, September). Increased risk of opioid overdose 
death following cold weather: A case–crossover study. Epidemiology (Cambridge, Mass.), 
30(5), 637–641.  PubMed https://doi.org/10.1097/EDE.0000000000001041 

20. Gabennesch, H. (1988). When promises fall: A theory of temporal fluctuations in suicide. 
Social Forces, 67(1), 129–145. https://doi.org/10.2307/2579103  

21. Judd, C. (2021, April 6). Substance Use Disorder Surveillance. [Meeting presentation]. 
Delaware Division of Public Health. Behavioral Health Consortium, Office of the Lt. 
Governor, DE, United States. 

22. Ogunnaike, B. (2009). Random Phenomena: Fundamentals and Engineering Applications of 
Probability & Statistics. Taylor & Francis Group. 

23. Salkind, N. J. (2010). Encyclopedia of Research Design. SAGE Publications. 
24. Montgomery, D. (2017). Design and Analysis of Experiments (9th ed.). Wiley. 
25. Abdi, H., & Williams, L. J. (2010). Tukey’s honestly significant difference (HSD) test. 

Encyclopedia of Research Design, 3(1), 1-5. 
26. Al-Tayyib, A., Koester, S., Langegger, S., & Raville, L. (2017, July 3). Heroin and 

methamphetamine injection: An emerging drug use pattern. Substance Use & Misuse, 52(8), 
1051–1058.  PubMed https://doi.org/10.1080/10826084.2016.1271432 

27. Hedegaard, H., Miniño, A. M., & Warner, M. (2020). Drug overdose deaths in the United 
States, 1999-2018. NCHS Data Brief, No. 356. Retrieved May 3, 2021 from 
https://www.cdc.gov/nchs/products/databriefs/db356.htm 

28. McCall Jones, C., Baldwin, G. T., & Compton, W. M. (2017, March). Recent increases in 
cocaine-related overdose deaths and the role of opioids. American Journal of Public Health, 
107(3), 430–432.  PubMed https://doi.org/10.2105/AJPH.2016.303627 

29. Jones, C. M., Bekheet, F., Park, J. N., & Alexander, G. C. (2020, January 31). The evolving 
overdose epidemic: Synthetic opioids and rising stimulant-related harms. Epidemiologic 
Reviews, 42(1), 154–166.  PubMed https://doi.org/10.1093/epirev/mxaa011 

30. Vestal, C. (2019, May 13). As the opioid crisis peaks, meth and cocaine deaths explode. 
Stateline, an initiative of The Pew Charitable Trusts. https://www.pewtrusts.org/en/research-

https://pubmed.ncbi.nlm.nih.gov/31095410
https://doi.org/10.2105/AJPH.2019.305053
https://pubmed.ncbi.nlm.nih.gov/31714940
https://doi.org/10.1371/journal.pmed.1002956
https://doi.org/10.3138/cjccj.2015.E31
https://pubmed.ncbi.nlm.nih.gov/31205291
https://doi.org/10.1097/EDE.0000000000001041
https://doi.org/10.2307/2579103
https://pubmed.ncbi.nlm.nih.gov/28323507
https://doi.org/10.1080/10826084.2016.1271432
https://pubmed.ncbi.nlm.nih.gov/28177817
https://doi.org/10.2105/AJPH.2016.303627
https://pubmed.ncbi.nlm.nih.gov/33511987
https://doi.org/10.1093/epirev/mxaa011


Doi: 10.32481/djph.2021.12.014 

and-analysis/blogs/stateline/2019/05/13/as-the-opioid-crisis-peaks-meth-and-cocaine-
deaths-explode 

Copyright (c) 2021 Delaware Academy of Medicine / Delaware Public Health Association.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 
License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 


	An Examination of Seasonal Trends in Delaware Drug Overdoses, 2016-2020
	Abstract
	Introduction
	Within-Year Variations in Social and Behavioral Health Outcomes
	Crime
	Suicide
	Substance Use and Overdoses
	Overdose Emergency Department Visits in Delaware
	Explanations of Within-Year Trends
	Our Study

	Data and Methods
	Data
	Analytic Strategy

	Results
	Yearly Trends in Overdose-Related Metrics
	Seasonality of Overdose-Related Metrics

	Discussion
	Public Health Implications
	Acknowledgements
	References

