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Abstract
COVID-19 burdens are disproportionally high in underserved and vulnerable communities in Arizona. As the pandemic pro-
gressed, it is unclear if the initial associated health disparities have changed. This study aims to elicit the dynamic landscape 
of COVID-19 disparities at the community level and identify newly emerging vulnerable subpopulations. Findings from this 
study can inform interventions to increase health equity among minoritized communities in the Southwest, other regions of 
the US, and globally. We compiled biweekly COVID-19 case counts of 274 zip code tabulation areas (ZCTAs) in Arizona 
from October 21, 2020, to November 25, 2021, a time spanning multiple waves of COVID-19 case growth. Within each 
biweekly period, we tested the associations between the growth rate of COVID-19 cases and the population composition in 
a ZCTA including race/ethnicity, income, employment, and age using multiple regression analysis. We then compared the 
associations across time periods to discover temporal patterns of health disparities. The association between the percentage 
of Latinx population and the COVID-19 growth rate was positive before April 2021 but gradually converted to negative 
afterwards. The percentage of Black population was not associated with the COVID-19 growth rate at the beginning of the 
study but became positive after January 2021 which persisted till the end of the study period. Young median age and high 
unemployment rate emerged as new risk factors around mid-August 2021. Based on these findings, we identified 37 ZCTAs 
that were highly vulnerable to future fast escalation of COVID-19 cases. As the pandemic progresses, vulnerabilities associ-
ated with Latinx ethnicity improved gradually, possibly bolstered by culturally responsive programs in Arizona to support 
Latinx. Still communities with disadvantaged social determinants of health continued to struggle. Our findings inform the 
need to adjust current resource allocations to support the design and implementation of new interventions addressing the 
emerging vulnerabilities at the community level.
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Background

During the COVID-19 pandemic, ethnic minority groups 
and financially disadvantaged populations in the U.S.A. 
have experienced disproportionately high rates of infection 
and severe negative health outcomes [1–3]. Associated 

with the disparities are inequitable distributions of health 
resources such as COVID-19 testing sites that are geo-
graphically underrepresented in historically underserved 
regions [4–6]. In response to the overwhelming dispari-
ties, neighborhoods with high concentrations of racial/
ethnic minorities have initiated culturally informed 
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community-based outreach interventions such as home 
visits by Spanish-speaking health promotoras to improve 
COVID-19 testing and education [7–9]. Meanwhile, the 
pandemic has advanced through several waves, each 
showing different patterns of spread and adding to the 
complexity of this issue [10]. Given these developments, 
it is plausible that the disparity landscape has evolved. 
Tracking such changes will help assess the effectiveness 
of COVID-19 response programs, identify emerging vul-
nerabilities, develop precision public health initiatives to 
mitigate structural inequities, and prevent future dispari-
ties effectively.

However, the current literature mainly contains cross-
sectional studies capturing static snapshots of the dispari-
ties. Reports on changes of COVID-19 disparities over 
time are rare and the limited research reported inconsistent 
trends across different geographical regions. A study track-
ing the nationwide total cases and deaths in the U.S.A. 
reported that racial gaps narrowed among non-Hispanic 
White, Black, and Latinx people from June 2020 to Sep-
tember 2021 [11]. Another study examined town-level risk 
factors of COVID-19 incidence in Massachusetts from 
March 2020 to October 2020 [12]. It observed reductions 
in the risk associated with the percent of Black residents 
but reported sustained increases in the risk associated with 
the percentage of Latinx residents. This might be due to 
the availability of supports to different populations in dif-
ferent regions. Latinx residents, who are more likely to 
be recent immigrants and have lower educational attain-
ment, need specialized resources to meet their cultural and 
language needs [13–15]. In states with a well-developed 
cultural and linguistic appropriate health services network, 
Latinx residents would have a better chance of receiv-
ing public health education for social distancing, vaccina-
tion, and timely access to COVID-19 testing [16].

In this study, we aim to assess the longitudinal trends 
of COVID-19 infection risk in Arizona. Due to the geo-
graphic closeness to Mexico, about 31.7% of Arizonans 
are Hispanic or Latinx, a great majority (87.6%) of which 
are of Mexican ancestry [17]. According to reports in 
2020, Latinx residents in Arizona suffered from griev-
ous COVID-19 disparities [18, 19]. With an established 
Spanish-speaking community, Arizona has implemented 
multiple culturally appropriate programs to alleviate the 
health burden on Latinx residents during the pandemic 
[20–22]. Meanwhile, other social determinants of health 
(SDoH) such as financial status and age also contribute to 
COVID-19 disparities [6, 23, 24]. Because ethnic minority 
groups tend to have lower income and are of younger age 
than non-Hispanic Whites [17], the evaluation and inter-
pretation of COVID-19 disparities need to consider the 
intersectionality of these factors. With these requirements 
in mind, we designed this time-series study to examine the 

evolution of COVID-19 disparities associated with race/
ethnicity, financial status, and age using community-level 
data in Arizona. We then compared the trends observed 
in Arizona with those in the nation as a whole and with 
other states to help inform public health officials on how 
to better prioritize and serve vulnerable groups.

Methods

ZIP Code Tabulation Area (ZCTA) is a generalized areal 
representation developed by the U.S. Census Bureau to 
aggregate census blocks in a given ZIP code area [25]. 
The American Community Survey (ACS) and the Arizona 
Department of Health Services (ADHS) use ZCTAs to 
report demographic statistics and COVID-19 case counts, 
respectively. Using these public data, we examined how 
the variations of COVID-19 prevalence between ZCTAs 
were associated with demographic features.

This study was reviewed by Arizona State Univer-
sity Institutional Review Board and found to not include 
human subjects because only publicly available de-iden-
tified data were used.

Datasets

Demographic Data

We chose to use the 2019 ACS data instead of the 2020 
ACS data because the latter has nonresponse bias for mar-
ginalized populations [26]. We queried the ACS Database 
[17] to retrieve the total population, population density, 
and population compositions on sex (ratio of male and 
female), median age, ethnicity (non-Hispanic White, His-
panic or Latinx, American Indian, Black, and Asian), and 
household financial status (median income, poverty rate, 
and unemployment rate) for each ZCTA in Arizona.

COVID‑19 Data

We downloaded case counts aggregated by ZCTA from 
the ADHS Dashboard website [27] every two weeks over a 
13-month period from October 21, 2020, to November 25, 
2021. The entire time-series data set included 29 time points 
spanning 28 biweekly intervals. Due to HIPAA compliance, 
the ADHS Dashboard suppressed case counts fewer than 10 
and substituted the values as 5. The ADHS Dashboard also 
suppressed COVID-19 data for American Indian tribes.
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Estimating COVID‑19 Prevalence and Growth Rate

At each time point, we calculated the cumulative COVID-
19 prevalence in a ZCTA as the total case count per 1000 
residents (cases/1 K). For each biweekly interval, the growth 
rate was the log transformation of the increase of COVID-
19 prevalence (new cases/1 K). To identify distinct growth 
periods at the state level, we aggregated new case counts 
over all Arizona ZCTAs, computed biweekly growth rates, 
and applied segmented regression analysis [28]. Breakpoints 
with a Chow-test p value < 0.05 were boundaries of growth 
periods.

Discovering COVID‑19 Health Disparities

For each biweekly interval, we built a multiple linear regres-
sion model to represent the relationship between the growth 
rate rz in a ZCTA z and a set of demographic features x,

where � is the intercept, �i is the coefficient of the ith feature, 
and � is Gaussian-distributed error. To correct for multi-
ple comparisons, we adjusted the nominal p value associ-
ated with each �i using the Benjamini–Hochberg method 
and computed false discovery rate (FDR) [29]. FDR < 0.1 
indicated a significant association between a feature and 
the growth rate of COVID-19 cases, i.e., health disparity. 
Because demographic features were measured on different 
units, we converted �i values to standardized coefficients to 
represent effect sizes [30]. To examine the change of health 
disparities, we plotted the effect size of each demographic 
feature over the biweekly intervals. It is worth noting that we 
could not compute growth rate at the initial time point (i.e., 
0th biweekly interval) and used the cumulative COVID-
19 prevalence as rz in the regression model. Therefore, 

rz = � +

∑

i
�ixi,z + �

disparities found at the 0th biweekly interval reflected his-
torical vulnerabilities.

We performed the analyses using R and Python. Data 
files used in this study are available at the Github website. 
(Web address masked for blind review and will be available 
upon publication).

Results

As recorded in the 2019 ACS data [17], Arizona has 387 
active ZCTAs with more than 100 residents. Because ADHS 
Dashboard suppressed COVID-19 data for American Indian 
tribes, we removed ZCTAs that overlap with these tribes to 
avoid biases. The remaining 274 ZCTAs were subject to 
statistical analyses. Table 1 presents the summary statistics 
of demographic features of these ZCTAs.

Surges and Declines of COVID‑19 Cases

The segmented linear regression model revealed 6 distinct 
periods between which the growth rate of COVID-19 cases 
at the state level changed significantly (Fig. 1). The Surge-A 
period and the Decline-A period marked a wave of COVID-
19 new cases between October 21, 2020, and March 15, 
2021. It was followed by a four-month Valley period during 
which the COVID-19 growth rate remained low till July 7, 
2022. After that, it spiked again during the Surge-B period, 
dropped slightly during the Decline-B period, and rose again 
during the Surge-C period that persisted till the end of our 
study (November 25, 2021). We confirmed that the growth 
rates at the ZCTA level were also significantly different 
between these periods (all t test p <  10–7, Supplementary 
Fig. S1).

Table 1  Summary of 
demographic features of ZCTAs 
in Arizona

Min Max Median Mean Standard deviation

Population size (# of residents) 115 73,203 17,415 20,911 19,280
Population density (# of residents/mi2) 0.3 10,635.2 382.6 1675.9 2258.3
Median age 17.6 74.0 42.2 44.7 12.7
% of senior residents (> 65 years old) 0 80.6 19.0 23.3 15.8
Sex ratio (males per 100 females) 32.2 959.4 97.8 105.6 64.5
% of Hispanic or Latinx residents 0 100.0 20.4 28.1 23.1
% of American Indian residents 0 34.6 1.1 2.0 3.6
% of Asian residents 0 16.0 1.5 2.3 2.6
% of Black or African American residents 0 30.4 2.1 3.1 3.9
% of residents living in poverty 0 43.3 12.7 14.4 9.1
% of unemployed residents 0 47.8 5.4 6.2 5.1
Median household income (thousand dollars) 21.8 163.8 55.6 60.0 23.9
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Evolution of COVID‑19 Disparities

The multiple regression models showed that the associa-
tions between the growth rate of COVID-19 cases and demo-
graphic features varied as the pandemic progressed, shift-
ing between statistically significant and insignificant impact, 
and sometimes showing opposite effects. These temporal 
changes implied evolution of COVID-19 disparities.

Ethnicity‑Based Disparities

People of Latinx background are the largest ethnic minority 
group in Arizona, representing 31.7% of the total population. 
In 20.8% of the ZCTAs we examined, the dominant ethnicity 
was Latinx, surpassing the non-Hispanic White population. 
Our multiple regression analysis showed that the growth rate 
of COVID-19 cases increased with the percentage of Latinx 
population for about three months spanning the Surge-A 
and early Decline-A periods (all FDR < 0.002, respectively, 
Fig. 2). As the pandemic continued, the association gradu-
ally declined and finally became negative during the Surge-B 
and Decline-B periods. These findings suggested that the 
disparity associated with Latinx ethnicity improved since 
April 2021. However, it is worth noting that the associa-
tion curve started to rise as we approached to the end of the 

study. During the Surge-C period, the association became 
positive again, but it was statistically insignificant (regres-
sion p = 0.22).

American Indians are the second largest ethnic minority 
group in Arizona, representing 5.3% of the total population. 
Because COVID-19 case counts did not include American 
Indian tribes, our data covered only non-tribal ZCTAs, 
where merely 1.9% of population is American Indian. Using 
this data set, we did not observe significant disparities asso-
ciated with the percentage of American Indian population 
(Supplementary Fig. S2).

Black or African Americans constitute the third largest 
ethnic/racial minority group in Arizona, representing 5.2% 
of the total population. At the beginning of the study during 
the Surge-A period, we did not observe significant associa-
tions between the COVID-19 growth rate and the percentage 
of Black or African American population. Afterwards, a fast 
and persistent escalation of new cases hit ZCTAs with a 
high percentage of Black or African American residents in 
January 2021, which lasted till the end of this study (Fig. 2). 
These observations suggested that the disparity associated 
with the Black or African American ethnicity worsened over 
the time.

For the other ethnicities including non-Hispanic Whites 
and Asians that respectively represents 54.1% and 3.7% of 

Fig. 1  Periods with distinct 
growth rates of COVID-19 
cases. Line plots show biweekly 
counts of new cases (solid) 
and cumulative cases (dotted) 
per 1000 residents in Arizona. 
Distinct periods are shaded with 
different gray colors with dates 
marking the boundaries

Fig. 2  Impact of ethnicity on 
growth rate of COVID-19 
cases. The effect size, measured 
by standardized coefficient, 
is a plotted over time for the 
percentage of Latinx popula-
tion (orange solid line) and the 
percentage of African American 
population (blue dashed line). 
The size of a circle is propor-
tional to FDR. Solid circles and 
open circles indicate significant 
(FDR < 0.1) and insignificant 
associations, respectively (Color 
figure online)
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Arizona populations, we did not detect significant associa-
tions with the COVID-19 growth rates (Supplementary Fig. 
S2).

Income‑Based Disparities

We examined three financial features including median 
household income, poverty rate, and unemployment rate. At 
the initial time point, we observed a marginal positive asso-
ciation between the cumulative COVID-19 prevalence and 
the poverty rate (regression p = 0.02, FDR = 0.13), implying 
historical vulnerabilities that were consistent with previous 
reports [31]. However, the growth rate of new cases showed 
opposite trends. It was negatively associated with the pov-
erty rate throughout the study period although the asso-
ciations were statistically insignificant [regression p range 
(0.01, 0.97), FDR range (0.13, 0.97), Fig. 3]. Accordingly, 
ZCTAs with high median household income reported faster 
growth rates of new cases than ZCTAs with low income. 
These observations suggested that income-based dispari-
ties narrowed despite only to a small degree. Meanwhile, 
the unemployment rate emerged as a new potential factor 
of COVID-19 disparities. As the pandemic progressed into 
the Surge-C period, the number of new cases increased dis-
proportionally fast in ZCTAs with a high unemployment 
rate (Fig. 3).

Because the three financial features are strongly cor-
related with each other and with the percentage of Latinx 
population (all pairwise correlation test p < 0.02), we also 
built regression models by removing percentages of ethnic 
groups and including only a single financial feature each 
time. Income-based features in these alternative models 
showed patterns similar to those in the original models but 
with more significant p values (Supplementary Fig. S3).

Impact of Other Demographic Features

We included population density in the multiple regression 
models as a proxy of transmission probability. Overall, areas 
with high population density experienced fast growth rates 
of COVID-19 during the entire study period (Supplementary 
Fig. S4A).

Age was not associated with COVID-19 growth rate at the 
first half of the study period. But starting around mid-August 
2021, younger communities were hit harder than older com-
munities (Supplementary Fig. S4B). This pattern continued 
until the end of the study period, suggesting young age as a 
new potential factor of COVID-19 disparities.

Sex was not significantly associated with the growth rate 
of COVID-19 (Supplementary Fig. S4C).

Risk Stratification

Our analysis showed that high percentage of Black or Afri-
can Americans, high poverty rate, high unemployment rate, 
high population density, and young age are risk factors for 
fast COVID-19 growth. Using the median value of each risk 
factor as the cutoff, we classified 37 ZCTAs meeting all risk 
criteria as high risk, 22 ZCTAs meeting no risk criteria as 
low risk, and the remaining areas as median risk. The high-
risk areas were clustered in the central Phoenix metropolitan 
area and the central Tucson area (Supplementary Fig. S5A). 
Interestingly and possibly related to housing segregation, 
many high-risk areas were adjacent to low-risk areas (Sup-
plementary Fig. S5B-C). We confirmed that the high-risk 
group and the low-risk group had significantly different 
growth rates during all periods (all t-test p < 0.002, Sup-
plementary Fig. S5D).

Fig. 3  Impact of financial status on growth rate of COVID-19 cases 
over time. The effect is measured by standardized coefficient for the 
median household income (orange solid line), the unemployment rate 
(magenta dotted line), and the poverty rate (blue dashed line), for 

each biweekly interval. The size of a circle is proportional to FDR. 
Solid and open circles indicate significant (FDR < 0.1) and insignifi-
cant associations, respectively (Color figure online)
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Discussion

COVID-19 is placing unprecedented challenges on all 
communities but especially on socially and economically 
disadvantaged groups [1]. While most existing studies cap-
tured only snapshots of the situation using cross-sectional 
data, we tracked structural health disparities in Arizona 
over 13 months and learned that COVID-19 vulnerability 
related to ethnicity, financial status, and age has evolved.

By summer 2021, ZCTAs with a high proportion of 
Latinx recovered from the early pandemic’s notably high 
COVID-19 prevalence and faster growth compared to 
those with fewer Latinx residents. This is in line with 
a previous report showing Arizona had the biggest dis-
parities in accessing COVID-19 testing among all states 
examined, putting Latinx at a disadvantage [5]. From 
the start of the pandemic, many Latinx were not able to 
shelter-in-place or work virtually due to many factors 
such as high representation in the service and agricultural 
industries, reduced job mobility due to legal status, and 
reduced opportunities to incorporate mitigation measures 
in general due to lower levels of educational attainment 
and language barriers [32].

Contrary to the findings of the Massachusetts study 
[12], our study found that ZCTAs with a higher Latinx 
population reversed their negative trend after July 2021, 
when COVID-19 vaccination became widely available. 
Since then, fewer new cases were reported in these areas 
than the state average. This observation is concordant with 
the trend at the national level [11] that reported racial gaps 
between Latinx and non-Hispanic White populations had 
narrowed. It is worth noting that Latinx in the US have a 
higher COVID-19 vaccination rate than other ethnic/racial 
groups [33]. This change may also reflect the outcomes of 
the multiple programs established in Arizona to support 
Latinx communities and other low-income populations 
during the pandemic [20–22]. Acquired immunity through 
previous infection or vaccination may also contribute to 
the slow-down in infections. However, we observed signs 
of reappearance of the disparities during the Surge-C 
period, suggesting needs for augmentation of the support 
programs.

Meanwhile, COVID-19 cases grew very fast in areas 
with a high percentage of Black or African American 
populations. This trend in Arizona is in stark contrast to 
that at the national level [11] and in Massachusetts [12] 
where the racial gaps between Black and non-Hispanic 
White populations had narrowed. Furthermore, a high 
unemployment rate and a young age emerged as significant 
risk factors. These observations suggested Arizona might 
have inadequate public health responses and urgent needs 
of supporting these vulnerable communities to ameliorate 

the impact. Vaccination hesitancy and interrelated lower 
vaccination rates among sectors of the African American 
community and young populations merit further consid-
eration [34, 35].

Arizona has a large aging population, with senior resi-
dents comprising the majority in many zip codes. This group 
had the highest priority to access COVID-19 vaccination. 
Our analysis showed that COVID-19 growth rates are rela-
tively low in these areas, suggesting these populations are 
relatively well supported and protected.

Even though these findings make an important contribu-
tion to our understanding of the trends of the pandemic’s 
health disparities, the present study has several limitations. 
First, because individual-level data are not readily available, 
we used ZCTA data. Thus, the identified vulnerable groups 
and their evolving patterns had restricted precision. How-
ever, the publicly available ZCTA data allows us to track 
COVID-19 disparities easily and continuously throughout 
the present and into the future. Second, we did not include 
COVID-19 vaccination data in our analysis, although vacci-
nation rates may have significant associations with COVID-
19 prevalence and growth rates. This was again due to data 
availability. Third, the pandemic has disruptive impact on 
the financial status of many families [36, 37]. Such changes 
were not incorporated in our analyses because the popula-
tion composition data were based on the 2019 US Census. 
Fourth, disparities are attributes of a large region comprising 
of multiple neighborhoods. Disproportionally high COVID-
19 growth rates in certain ZCTAs could be attributable to 
lack of health resources in surrounding areas.

Although our study is restricted to Arizona data, we 
expect that COVID-19 disparities in other regions may have 
also evolved. To better support disadvantaged populations, 
we need to monitor the progression and adjust resource allo-
cations accordingly.

Conclusions

As the COVID-19 pandemic is dynamic, so are the struc-
tural health disparities, which have intensified during this 
timeframe. In Arizona, much work remains but Latinx com-
munities and low-income populations in general were able 
to narrow their health disparities gap. Actions are urgently 
required, however, to enhance the wellbeing of the Black/
African American community and unemployed populations.

The COVID-19 pandemic is disproportionally affecting 
the most vulnerable groups but diverse communities are 
demonstrating remarkable resilience and strength. Future 
research should capture and document their stories and the 
community-based public health strategies they led. Those 
findings might explain some of the hopeful trends reported 
in this study.



868 Journal of Immigrant and Minority Health (2023) 25:862–869

1 3

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10903- 023- 01449-6.
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