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Abstract

:

COVID-19 vaccination rate disparities continue to persist in the U.S., despite their wide availability. A multidimensional host of sociodemographic, economic, political, and cultural factors have resulted in differences in vaccine coverage rates across the U.S. The present study descriptively explores one component of the complex relationship among what drives COVID-19 vaccination rate differences—specifically, the relationship between neighborhood sociodemographic characteristics and vaccination rates in Michigan. Data from the 2019 5-Year American Community Survey are merged with vaccine coverage rate data at the census tract level for the 18-years-and-older population for Michigan from 15 December 2020 to 19 November 2021. On the one hand, the results reveal that a neighborhood’s racial and ethnic composition and socioeconomic status characteristics are part of the complex bundle of characteristics affecting neighborhood vaccination coverage rates across Michigan. On the other hand, the findings also reveal a set of surprising patterns as they relate to the racial and ethnic composition of neighborhoods in Michigan. Future studies should further explore the extent to which race/ethnicity and class-related neighborhood characteristics are statistically relevant in examining the broader community effects on vaccine coverage rates in Michigan.
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1. Introduction


COVID-19 vaccination rate disparities continue to persist in the U.S., despite their wide availability. In addition to resulting in over 1,000,000 deaths [1], the COVID-19 pandemic has affected every facet of our sociodemographic, economic, political, and health realms, such as, to name a few, in education, employment, and mental health [2,3,4]. Moreover, Black Americans have experienced disproportionately higher infection, hospitalization, and mortality rates due to COVID-19 [5]. In addition to social distancing and personal protective equipment (PPE), the development and distribution of vaccines in late 2020 represented one of the best medical solutions to minimize the caseload, hospitalization, and mortality rates due to the virus and its variants [6,7,8]. Nevertheless, a multidimensional host of sociodemographic, economic, political, and cultural factors, such as household income, education, and political ideology, have resulted in differences in vaccine coverage rates across the U.S. [9,10,11,12]. The present ecological study examines one component of the complex relationship among what drives COVID-19 vaccination rate differences—specifically, the relationship between neighborhood sociodemographic characteristics and vaccination rates in Michigan.



Evidence suggests an association between neighborhood socioeconomic status (SES) characteristics and vaccination rates [13,14,15]. For example, neighborhoods with lower educational attainment and income levels, high unemployment, and high poverty levels have, on average, lower vaccination rates than their higher-SES counterparts [16]. Such geographic disparities are further compounded when differentiating neighborhoods by other demographic variables, such as racial and ethnic group composition and nativity status [17]. At the descriptive level of analysis, vaccination rates in Michigan reveal a pattern in which places, i.e., counties with higher educational levels, have higher vaccination rates than their counterparts with lower educational attainment or income levels [18]. However, the present paper aims to investigate the relationship between neighborhood SES characteristics, racial/ethnic composition, and vaccination coverage rates within a multivariable framework at the state level. Therefore, a state-level analysis of the relationship mentioned above will provide a more nuanced picture of the neighborhood-level sociodemographic factors affecting COVID-19 vaccination rates. In addition to Michigan having a diverse population in terms of race/ethnicity, SES, and demographic composition, the state also has a lower share of its population vaccinated compared to the U.S. as a whole [19]. In brief, the results revealed that the neighborhood SES level and racial and ethnic composition affect COVID-19 vaccination rates, net of the remaining predictors.




2. Data and Methodology


2.1. Dataset


Two datasets were used to examine the relationship between neighborhood SES and COVID-19 vaccination rates. The first dataset, acquired via a Freedom of Information Act (FOIA) request from the Michigan Department of Health and Human Services (MDHHS), lists the proportion of the 18-years-and-older population with vaccine coverage for the state of Michigan from 12/15/2020 to 11/19/2021. According to MDHHS, vaccine coverage refers to those who have received both doses of the two-dose series of the Pfizer or Moderna vaccine or the single-dose Johnson and Johnson vaccine [20]. Michigan allocated vaccine distribution in line with the Centers for Disease Control and Prevention’s phases, emphasizing protecting those at increased risk for severe COVID-19 illness and complications [21].



A unique geospatial characteristic of the MDHHS dataset is that vaccination coverage data are at the census tract level. Census tracts are statistical units, i.e., subdivisions within a county, established by the Census Bureau, which allow for a more detailed analysis of the population composition at the neighborhood level since they are smaller in population size, i.e., between 2500 and 8000 persons, relatively permanent, and more homogenous concerning the SES characteristics and living conditions than those at the county or zip code level [22,23]. Less than one percent of census tracts for the state were excluded, i.e., 28 tracts from the MDHHS dataset, due to a lack of available coverage information, suppressed to protect privacy, unavailable census tract population size, no county name given, or unidentifiable census tracts.



The second dataset comes from the 2019 5-Year American Community Survey (ACS) extracted from the Census Bureau’s data extraction website. A series of neighborhood-level characteristics at the census tract level, which constitutes the independent variables, are merged with the MDHHS data file. The merged dataset makes up the final file used for the analyses. Unmatched census tracts and tracts with zero population were omitted from the final file. Moreover, the researchers also excluded tracts with a group quarter population exceeding 50%. Group quarters are places such as college dorms, nursing homes, correctional facilities, and other group living arrangements, as defined by the U.S. Census Bureau [24], which may be guided by a different set of vaccination policies than those targeting the general population [25]. Overall, 3.2% of the original ACS file census tracts were excluded, corresponding to 0.67% of the state’s total population. Following previous research, census tracts were used as proxies for neighborhoods [26]. The final census tract sample of 2772 has a total population of 9,898,502, corresponding to 98.5% of all census tracts in Michigan.




2.2. Dependent and Independent Variables


This MDHHS file was used to calculate the dependent variable “vaccine full coverage,” referring to the proportion of those who have received both doses of the two-dose series of the Pfizer or Moderna vaccine or the single-dose Johnson and Johnson vaccine. The dependent variable was not statistically transformed since its distribution follows a normal distribution pattern. Moreover, skewness and kurtosis values, along with a visual inspection of the normal probability plot of the dependent variable, meet all the requirements of a normal distribution.



Following previous research, proxy variables are extracted from the ACS data to measure neighborhood racial/ethnic composition, SES, and family/household characteristics [27,28]. See Table 1 for a list of all the predictors. The proportion of non-Latinx White, non-Latinx Black, non-Latinx Asian, other non-Latinx White groups, and Latinx in each census tract relative to the tract’s total population taps into the measurement of race and ethnicity, hereafter referred to as White, Black, Asian, and Latinx, unless otherwise noted. Due to small cell sizes, the categories of non-Latinx American Indian/Alaska Native, non-Latinx Native Hawaiian, other Pacific Islander, some other non-Latinx race, and two or more non-Latinx races were combined into the ‘non-Latinx other non-White group’ category. While not perfect, the racial and ethnic groups of interest are identified following the classifications set by the Office of Management and Budget (OMB), which differentiates groups by race and ethnicity, the latter being Latinx or not origin [29,30].



It should be noted that race and ethnicity should, at most, be considered a proxy measure of structural racism and discrimination, especially in a health outcome analysis. The remaining variables that tap into the measurement of neighborhood SES and family/household characteristics are education, measured as the percentage of those with a bachelor’s degree or higher for the 25-years-and-older population, the poverty rate, and the share of foreign-born in each tract. Finally, we also included variables that measure the percentage of the 65-years-and-older population and those who own a computer and have an internet subscription, both of which can influence a neighborhood’s vaccination rate [31,32,33]. All variables were tested for the presence of multicollinearity. The test result for residual autocorrelation (Durbin–Watson) is 2.3, which is within acceptable limits to satisfy the independence of errors [34].




2.3. Statistical Analysis


The first part of the data analysis includes a series of exploratory summary descriptive statistics using means, standard deviations, and minimum and maximum values. The final section of the data analysis consists of ordinary least squares regression (OLS) in order to evaluate the relationship between neighborhood conditions and vaccination coverage rates in Michigan. Given that the distribution of vaccination rates was found to be normal, OLS regression was employed. The OLS equation is as follows:


Y = Xβ + ε



(1)




where Y is the dependent variable, β is the coefficient on the vector of predictors (X), as shown in Table 1, and ε is the error. Unstandardized regression coefficients are presented in Table 2. All analyses are conducted using SPSS version 27.





3. Results


Table 1 shows a descriptive summary of all predictors and the outcome. Nearly six out of ten, precisely 57%, of Michigan residents received either the single-dose Johnson and Johnson vaccine or both doses of the two-dose series of the Pfizer or Moderna vaccine between 12/15/2020 and 11/19/2021. Concerning race and ethnicity, Whites, Blacks, Asians, Latinx, and other non-Latinx non-White groups make up 72%, 18%, 3%, 5%, and 3%, respectively, of the total share in all Michigan census tracts. In terms of SES, the share of those with a college degree or higher and poverty stands at 27% and 16%, respectively. Lastly, the share of the 65-year-old-and-older population and not having internet access is 17% and 16%, respectively.



Table 2 presents the results from the multiple linear regression, which reveal a series of interesting findings regarding the relationship between the COVID-19 vaccination coverage in Michigan and the full range of predictors. Looking first at the effect of race and ethnicity, the coefficients for Asians and Latinx are positive and statistically significant compared to Whites, meaning that the direction of the impact on the vaccination rate is such that it increases in neighborhoods with higher shares of Asian and Latinx, independent of the effect of the other predictors. Meanwhile, the share of the Black and non-Latinx other populations in neighborhoods does not influence the vaccination rate. Since the inception of the COVID-19 vaccine, Blacks and Latinx have been less likely than White people to receive the COVID-19 vaccine, though there is increasing equity in vaccination rates [35]. The magnitude of the effect of race and ethnicity is such that neighborhoods with higher Asian group concentration register the highest impact on vaccination rates, followed by those with Latinx groups. We also included a different version of the race/ethnicity variable, such that it differentiated between non-Latinx Whites and non-Whites (including both non-White non-Latinx and Latinx). The results reveal that the latter category’s relationship with the vaccination rate was negative, relative to non-Latinx Whites (results not shown, but available upon request). In other words, as the census tract share of non-Whites (including both non-White non-Latinx and Latinx) increased, the vaccination rate decreased.



Education and poverty have the opposite relationship with vaccination rates. Specifically, as a neighborhood’s share of those with a college degree or higher increases, the vaccination rates also increase, holding all the other predictors constant. Meanwhile, the opposite holds for the effect of poverty. In other words, for every one-unit increase in a neighborhood’s poverty rate, the vaccination rate decreases by approximately 0.7 percentage points, net of all the remaining predictor variables. To the extent that poverty and educational attainment are used as a proxy for SES, the results reveal that poverty has a stronger influence on COVID-19 vaccination rates than education.



Nativity status and age are inversely related to the vaccination rate with respect to each other. Specifically, the vaccination rate decreases with an increasing share of the foreign-born population in a neighborhood. Moreover, higher shares of the 65-years-and-over population in a neighborhood are related to increasing vaccination rates. According to Table 2, the age variable has a stronger relationship than foreign-born status, as revealed by the coefficients. Lastly, a lack of access to the internet or not having an internet subscription service is negatively related to a neighborhood’s vaccination rate. Interestingly, the neighborhood poverty rate has a stronger impact on vaccination rates than a lack of access to the internet.




4. Discussion and Conclusions


This paper examined the relationship between neighborhood characteristics and COVID-19 vaccine coverage rates in Michigan. Selected sociodemographic characteristics from the 2015–2019 ACS were merged to the census tract vaccine coverage rate data between 12/15/2020 and 11/19/2021, as provided by MDHHS. Overall, the study revealed three main findings concerning the relationship between a neighborhood’s sociodemographic characteristics, such as race/ethnicity and SES, and vaccine coverage rates.



The first finding relates to race and ethnicity. A neighborhood’s racial and ethnic composition is associated with the vaccination rate, albeit with mixed and surprising results. Except for Blacks, the neighborhood shares of Asian and Latinx groups in a neighborhood has a positive effect on vaccination rates relative to Whites, even when holding SES and other selected neighborhood characteristics constant. Future studies should further explore this finding as it pertains to Michigan. The second main finding pertaining to the SES characteristics’ effect is a set of findings. A neighborhood’s vaccine coverage rate increases with increasing shares of those with a college degree or higher, but it is negatively related to the poverty rate. This finding supports previous research on a national level in that socioeconomically disadvantaged neighborhoods have lower vaccination rates [36,37]. Moreover, the positive association with older age is expected, given that the older groups were the main targets of vaccination policies. The final main finding speaks to the level of magnitude of change of each predictor variable’s relationship in the outcome. Among the variables having a negative relationship with the vaccination rates, poverty exhibits the largest impact, followed by the lack of access to the internet or not having an internet subscription. Lack of internet access can be a barrier to COVID-19 vaccination since many vaccine providers require people to schedule their vaccine appointments online [36]. Meanwhile, the over-65-year-old population has the largest effect on the COVID-19 vaccination rate, followed by the Asian neighborhood population share, relative to all the remaining predictors.



Race, ethnicity, and SES are part of the complex bundle of characteristics affecting neighborhood vaccination rates across Michigan. Racial and ethnic differences in COVID-19 vaccination rates also exist in Michigan, following national-level trends [38,39,40,41]. To the extent that such descriptive-level differences in racial and ethnic group vaccination rates reflect the broader community structure that reside in, the present study results reveal a mixed picture of effects involving both variables included in the models and those not included. Nevertheless, race and ethnicity, and class-related neighborhood characteristics, are statistically important in examining the broader community effects on vaccine coverage rates. COVID-19 vaccination efforts can concentrate on areas with low SES to assist in increasing equity in vaccination rates.



Factors that present challenges to COVID-19 vaccine equity that affect racial and ethnic minority groups include education, income, and wealth gaps; job access and working conditions; racism and other types of discrimination; gaps in access to healthcare; transportation, and neighborhood conditions [38]. Furthermore, a lack of trust resulting from past medical racism and experimentation and vaccine hesitancy can also contribute to lower vaccination rates among non-White groups, especially among the Black population [42,43]. This can present challenges for individuals pertaining to locating providers and services and seeking preventative care [44]. Future studies should look into the above factors contributing to vaccine coverage inequalities as they pertain to Michigan relative to other states.



Concerning the time reflection of the current dataset (through November 2021), we believe that the findings would change following the submission of the manuscript if we collect data to the present day. In addition to receiving federal funding support, such as from the CDC, state and local initiatives have also aimed to reduce racial and ethnic disparities in vaccination rates [45,46]. Moreover, despite expanded vaccine approval and recommendations, vaccine hesitancy still exists for various reasons, including but not limited to concerns regarding the safety and side effects of vaccines and other legacy issues with healthcare providers, including mistrust, fear, and a lack of information [47,48,49]. Additionally, current data show that Michigan has lower COVID-19 vaccination rates compared to the U.S. overall, i.e., currently, 60.8% of people in Michigan are fully vaccinated, compared to 67.2% in the U.S. [19]. However, since the submission of our manuscript, COVID-19 vaccine recommendations have expanded to include younger individuals, boosters for specific age groups, and another COVID-19 vaccine option (Novavax), which can affect such a prediction. Perhaps we still need time to see the full effects of this.



As with every study, the present study is also not free from limitations. Five main limitations pertain to (1) the limited time range of vaccination coverage data, (2) the single-state case study, (3) the findings related to one specific virus, (4) incorporating more SES-related neighborhood variables, including but not limited to the CDC’s Social Vulnerability Index, and (5) its ecological nature and the possible introduction of ecological bias. Incorporating vaccination coverage data beyond the time range used in the present study and comparing the results with other states will undoubtedly further strengthen the findings. Taking into consideration all of the above limitations, along with adding and comparing the results with other non-COVID-19 vaccination rates, will provide a robust context for disentangling the idiosyncrasies related to neighborhood effects. Nevertheless, we believe that the findings provide an initial step into further exploring the relationship between neighborhood SES characteristics and COVID-19 vaccination rates as they pertain to Michigan.
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Table 1. Descriptive summary of variables.
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	Mean *
	Std. Deviation
	Minimum
	Maximum





	% Vaccine full coverage
	56.7
	0.15
	9.4
	100.0



	% White non-Latinx
	71.5
	0.30
	0.0
	100.0



	% Black non-Latinx
	17.6
	0.29
	0.0
	100.0



	% Asian non-Latinx
	2.7
	0.06
	0.0
	79.0



	% Latinx
	5.0
	0.08
	0.0
	82.8



	% Other non-White non-Latinx
	3.1
	0.03
	0.0
	40.5



	% College degree and more
	27.4
	0.18
	0.0
	95.2



	% Below poverty
	16.2
	0.14
	0.0
	82.9



	% Foreign-born
	6.3
	0.09
	0.0
	71.6



	% 65 and over years old
	17.3
	0.07
	0.0
	56.0



	% Does not have internet
	16.1
	0.10
	0.0
	67.8



	N
	2772
	
	
	







* Represents averages across all census tracts. Source: MDHHS and 2019 5-Year American Community Survey.
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Table 2. Multiple regression results predicting COVID-19 vaccination coverage rate.
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Coefficient

	
Std. Error

	
Sig.

	
95% Confidence Interval for B




	
Lower Bound

	
Upper Bound






	
Race/Ethnicity (Ref = Non-Latinx White)

	

	

	

	

	




	
  Non-Latinx Black

	
−0.075

	
0.064

	
0.239

	
−0.201

	
0.050




	
  Non-Latinx Asian

	
0.387 *

	
0.156

	
0.014

	
0.079

	
0.695




	
  Latinx

	
0.263 *

	
0.119

	
0.028

	
0.028

	
0.497




	
  Non-Latinx Other

	
0.075

	
0.313

	
0.811

	
−0.542

	
0.692




	
College Plus

	
0.121 *

	
0.053

	
0.023

	
0.017

	
0.226




	
Poverty

	
−0.674 *

	
0.066

	
0.000

	
−0.804

	
−0.545




	
Foreign-Born

	
−0.343 *

	
0.132

	
0.010

	
−0.603

	
−0.084




	
65 and Years Old and Over

	
0.627 *

	
0.163

	
0.000

	
0.306

	
0.948




	
No Internet

	
−0.596 *

	
0.176

	
0.001

	
−0.942

	
−0.249




	
Constant

	
0.639 *

	
0.040

	
0.000

	
0.559

	
0.718




	
R Square

	
0.637 *

	

	

	

	




	
N

	
2772

	

	

	

	








* p < 0.05. Source: MDHHS and 2019 5-Year American Community Survey.
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