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Introduction: There is an increase in the population of older adults, 65 years or older in South Carolina. Socio economic and environmental factors are linked to the diagnosis of Alzheimer’s Disease and related dementias (ADRD). The aim of this study was therefore, to characterize the incidence of ADRD by public health regions (PHR).

Methods: We estimated the incidence of ADRD for 2021using data from South Carolina Alzheimer’s Disease Registry (SCADR) and the Annual County Resident Population Estimates (ACRPE). The incidence of new cases per 100, 0000 population for each county, and PHR, and age-adjusted ADRD specific diagnosis were estimated. Poisson regression modeling was used to compare crude and ADRD specific incidence by PHRs. The incidence of ADRD by counties and PHRs was visualized using TIGERline files.

Results: A total of 18,955 registrants from the SCADR were included in this study. About 38% of the participants were between 75 and 84 years. Additionally, about 79% of the registrants had Alzheimer’s (AD) diagnosis. The crude incidence of ADRD was higher in the Pee Dee PHR (896 per 100,000). Among ADRD specific diagnosis, AD incidence was higher in the Pee Dee PHR (727 per 100,000), Vascular dementia (VaD) and Mixed dementia incidences were higher in the Upstate PHR. The crude incidence of ADRD differed significantly across all the PHRs (p < 0.05).

Discussion: Regional differences in the incidence of ADRD suggest possible disparities in healthcare access, socioeconomic conditions and geographical factors. Targeted interventions, and early screening among young populations should be prioritized.
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Introduction

Dementia is a clinical condition resulting from progressive neurodegeneration and characterized by impairment in two or more cognitive domains such as memory, language, executive functioning and attention that significantly interfere with activities of daily functioning. Progressive damage to brain cells caused by underlying conditions that lead to structural and functional changes in the brain (1, 2). Although Alzheimer’s disease (AD) is the most common type of dementia, other related dementias include vascular dementia (VaD), Mixed dementia, dementia with Lewy bodies, and frontotemporal dementia (3). Alzheimer’s disease and related dementias (ADRD) mostly affect older adults in the population, and data suggest that its effect on individuals, caregivers, and society at large will continue to increase as the older population ages (4). Additionally, there is currently no cure for ADRD, although preventive measures including healthy lifestyle-factors have decreased the age-specific incidence in high income countries. However, a significant increase in life expectancy suggests that the number of people living with ADRD will continue to rise (5).

Globally, a new case of dementia is diagnosed/developed every 3 s, and in the United States (US), a new case of dementia is diagnosed every 65 s (6). ADRD is underdiagnosed in America, with data suggesting that a large proportion of Americans do not know they have it (7). Underdiagnosis of ADRD is most common among minority older adults (8, 9).

The population of South Carolina is aging. The population of older adults 65 years or older increased from about 14 to 19% in 2021, with one in five residents being 65 years or older (10). Due to this, ADRD is a growing problem in South Carolina. It has been suggested that where one resides may influence one’s likelihood of being diagnosed with ADRD (11). Additionally, research has shown a higher likelihood of underdiagnosis among minority populations, attributed to stigmatization and generally low care-seeking behavior (12).

South Carolina is divided into four public health regions (PHR): Low Country, Midlands, Pee Dee, and Upstate, each characterized by distinct social and cultural attributes that impact the well-being of its inhabitants. Health outcomes, population growth, educational attainment, and other factors that influence the health of older adults vary in these regions. The Pee Dee PHR has the highest social vulnerability index, which is determined by factors including poverty, and lack of access to transportation and housing community (10). This may make counties in the Pee Dee more vulnerable to public health events. Previous research has also shown that high social vulnerability index can lead to inequitable access to health care and essential services (13, 14).

The South Carolina Alzheimer’s Registry (SCADR) is the oldest and most comprehensive registry in the US. Estimating the incidence of ADRD by PHRs in South Carolina can therefore help in scaling surveillance efforts for ADRD. Also, estimating the incidence of ADRD can help detect regional differences and the possible connection with region-specific characteristics including healthcare access, socioeconomic conditions, and environmental factors. In South Carolina, heart disease and stroke are among the top 10 leading causes of death for older adults, with disproportionately higher impact on non-Hispanic Black individuals compared to non-Hispanic White individuals (11). There is a complex bidirectional relationship between heart disease, stroke, and VaD, both heart disease and stroke may be risk factors for VaD (15). In addition, risk factors for heart disease and stroke, such as hypertension, are also risk factors for AD.

The aim of this study was therefore to characterize the incidence of ADRD by PHR and to determine if these incidences differ across the public health regions.



Methods


Data source

We used data from the 2021 South Carolina Alzheimer’s Disease Registry (SCADR) because it was the most recent and complete data available. The SCADR collects information on ADRD diagnosis and has been in existence since 1988. The SCADR collects information on individuals diagnosed with ADRD, including year of diagnosis, year of entry into the registry, location of diagnosis, current age of registrants, ADRD subtype, county of residence, zip code of registrants, date of birth, source of inclusion, month of death, year of death, underlying cause of death, sex of registrants, race, length of time being included in the registry, etc. Individuals with ADRD are identified/diagnosed by a physician/neurologist following a healthcare visit. A physician’s diagnosis is collected from the individual’s medical records through the diagnosed codes using the International Classification of Diseases, 10th revision Clinical Modification. People with ADRD diagnosis are added to the registry from various sources including South Carolina inpatient hospitalizations, longer-care Evaluations, Emergency departments, vital records, State health plans and other claims data (16). ADRD patients are classified into four categories in the Registry, Alzheimer’s disease, Vascular Dementia, Mixed Dementia and Other Medical Conditions (Alcohol dementia, Drug-induced dementia, Dementia with other conditions, Dementia with Lewy bodies, Pick’s Disease, Frontotemporal dementia). The registry core data set consists of case-identifying data for matching purposes, to remove duplicate records and for linking to other data sources.

In this study we estimated ADRD incidence per 100, 000 South Carolina population for 2021 using the SCADR 2021 Registry data (N = 18,955; Figure 1).
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FIGURE 1
 Analytical sample size. *293 participants outside the age range 50–110 years were excluded because of the possibility of data entry/measurement error misrepresenting the data.




Measures


Incidence

Age-adjusted incidence rates were calculated using the SCADR and the Annual County Resident Population Estimates (ACRPE). The ACRPE incorporate the 2020 census, Vintage 2020 estimates, and 2020 Demographic Analysis estimates (17).

Incidence was calculated as the number of new cases per 100,000 population, for each county, and PHR. Additionally, age-adjusted incidence for ADRD specific diagnosis were calculated using the 2020 US census as standard population.



Demographic characteristics

We included only participants in the Registry who are between 50 years (to capture early onset of ADRD) and 110 years. We grouped age as; less than 65 years, 65–74 years, 75–84 years, and 85 years and above.

Race was operationalized as non-Hispanic White individuals, non-Hispanic Black (African American) individuals or Other individuals. We combined Asian, American Indian, Other than listed race, Hispanic and unknown races as ‘Other individuals’ because of the small numbers of these in the Registry. Sex was male or female.



Statistical analysis

The age-adjusted incidence rates were calculated for each county and PHR using Microsoft Excel and SAS version 9.4 (SAS Institute, Cary, NC). Overall regional incidence rates were estimated, and incidence rates for ADRD specific diagnosis (Alzheimer’s Disease, Vascular Dementia, Mixed Dementia and Other) by PHRs and age-groups were also estimated.

Poisson regression with Tukey adjusted pairwise comparison was used to compare the crude incidence by PHRs and compare the ADRD specific incidence by PHRs to determine any significant differences in the incidence rates.

We modeled new cases (dependent variable) by PHR (independent variable), treating PHR as a fixed effect. The model also included the natural logarithm of the population at risk as an offset variable to account for rates (rather than raw counts) and to be able to compare PHR since they have different population sizes. A log-link function was applied to relate the expected number of new cases to the explanatory variable. The type3 option was included in the model to estimate the likelihood ratio (to assess the overall significance of the PHR effect).

The regression coefficients (ββ) from the model were exponentiated to derive incidence rate ratios (IRRs), allowing for comparison across PHRs and easy interpretability. We reported the p-values and confidence intervals (CIs) for the IRRs as a test of statistical significance (statistical significance set at p < 0.05).

QGIS version (3.34.13-Prizren) to visualize the incidence of ADRD by counties and ADRD specific diagnoses by PHRs using TIGERLine files (18).



Missing data

We assessed whether excluded missing data (missing county or zip codes) were associated with age, sex or specific ADRD diagnosis using chi-square test of independence. We evaluated the effect sizes using Cramer’s V with values of 0.10, 0.30 and 0.50 representing small, moderate and large associations between missing data and the specified variables, respectively. Sensitivity analyses were conducted using proportional redistribution method and extreme-case analysis.





Results


Sociodemographic characteristics

A total of 18,955 participants from the SCADR were included in this study. Most of the participants (38%) participants were between 75 and 84 years, and a few (8%) were less than 65 years. More than three-quarters (79%) of the study participants had Alzheimer’s disease (AD) diagnosis, and about 2% had Mixed dementia diagnosis. More than half (59%) of the study participants were females. White individuals represented about 66% of the study population and about 15% were other (Asian, American Indian, Hispanic; Table 1).


TABLE 1 The sociodemographic characteristics of the study participants in the SCADR.


	Characteristic
	Number of participants (%)



	All participants
	Upstate
	Midlands
	Pee Dee
	Low country

 

 	ADRD


 	Alzheimer’s Disease 	14,896 (78.59) 	3,590 (77.91) 	2,844 (81.14) 	2,801 (81.19) 	2,827 (81.19)


 	Vascular 	1,421 (7.50) 	323 (7.01) 	194 (5.53) 	189 (5.48) 	193 (5.54)


 	Mixed 	442 (2.33) 	133 (2.89) 	56 (1.60) 	80 (2.32) 	63 (1.81)


 	Other 	2,196 (11.59) 	562 (12.20) 	411 (11.73) 	380 (11.01) 	399 (11.46)


 	Age Group


 	<65 	1,342 (7.58) 	259 (6.01) 	187 (5.72) 	167 (5.22) 	207 (6.40)


 	65–74 	3,403 (19.23) 	753 (17.48) 	555 (16.98) 	543 (16.98) 	677 (20.95)


 	75–84 	6,755 (38.18) 	1,685 (39.12) 	1,284 (39.29) 	1,234 (38.60) 	1,262 (39.05)


 	≥85 	6,194 (35.01) 	1,610 (37.38) 	1,242 (38.00) 	1,253 (39.19) 	1,086 (33.60)


 	Sex


 	Male 	7,220 (41.04) 	1912 (41.49) 	1,375 (39.23) 	1,450 (42.04) 	1,490 (42.79)


 	Female 	10,374 (58.96) 	2,696 (58.51) 	2,130 (60.77) 	1999 (57.96) 	1992 (57.21)


 	Race


 	White individuals 	12,537 (66.14) 	3,854 (83.64) 	2,594 (74.01) 	2,398 (69.51) 	2,474 (71.05)


 	African American/Black individuals 	3,574 (18.86) 	623 (13.52) 	828 (23.62) 	920 (26.67) 	921 (26.45)


 	Other individuals 	2,844 (15.00) 	131 (2.84) 	83 (2.37) 	132 (3.82) 	87 (2.50)





The total number of participants across the four PHRs does not equal the overall number of participants due to missing regional classification for some cases.
 

In the PHRs, most incident AD cases were in the Midlands, Pee Dee, and Low Country. Most participants were between 74 and 84 years old in all the PHRs except for the Pee Dee, where the majority of their cases (39%) were 85 years or older. Additionally, participants less than 65 years old or aged between 65 and 74 years old were mostly from the Low Country PHR (60 and 21%, respectively; Table 1).



ADRD incidence by PHR

Figure 2 shows the incidence of ADRD by county for 2021. Overall, the crude incidence was highest in the Pee Dee region (896 per 100,000 population) compared to other PHRs (Figure 3). Among ADRD-specific diagnoses, Alzheimer’s Disease (AD) incidence was also highest in Pee Dee (727 per 100,000; Figure 4). In contrast, the Upstate region recorded the highest incidence of Vascular dementia (59 per 100,000) and Mixed dementia (24 per 100,000; Figures 5, 6, respectively). Incidence of other dementia types was highest in both the Pee Dee and Upstate regions (102 per 100,000; Figure 7).
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FIGURE 2
 Crude ADRD incidence by counties in South Carolina.


[image: Map of South Carolina showing four public health regions with different colors representing ADRD incidence rates per 100,000 population. Midlands is light blue (684), Low Country is dark gray (764), Upstate is brown (840), and Pee Dee is dark blue (896).]

FIGURE 3
 Crude ADRD incidence in the public health regions in South Carolina.


[image: Map of South Carolina showing Alzheimer's disease incidence by public health regions per 100,000 population. Regions include Midlands (light blue, 555), Low Country (gray, 620), Upstate (orange, 655), and Pee Dee (dark blue, 727).]

FIGURE 4
 Alzheimer’s Disease incidence in the public health regions in South Carolina.


[image: Map of South Carolina showing vascular dementia incidence per 100,000 population by public health regions. Orange indicates Upstate (59 incidence), light blue for Midlands (38), dark blue for Pee Dee (50), and gray for Low Country (41). Regions are labeled by name.]

FIGURE 5
 Vascular dementia incidence in the public health regions in South Carolina.


[image: Map of South Carolina displaying mixed dementia incidence per 100,000 population by public health regions. Regions are color-coded: Upstate in orange, Low Country in gray, Pee Dee in light blue, and Midlands in dark blue. The legend provides incidence rates: Upstate (24), Islands (11), Pee Dee (16), and Low Country (18).]

FIGURE 6
 Mixed dementia incidence in the public health regions in South Carolina.


[image: Map of South Carolina showing the incidence of other dementia types per 100,000 population across public health regions. Regions are color-coded: Upstate (orange, 102), Midlands (light blue, 80), Pee Dee (dark blue, 102), and Low Country (gray, 84). County names are labeled within each region.]

FIGURE 7
 Other dementia types incidence in the public health regions in South Carolina.


The crude incidence of ADRD differed statistically significantly across all the PHRs (p < 0.05; Table 2).


TABLE 2 Comparing crude incidence and ADRD specific incidence by PHR in the SCADR.


	PHR
	Crude incidence
	AD
	VaD
	Mixed
	Other



	IRR
	p value (95% CI)
	IRR
	p value (95% CI)
	IRR
	p value (95% CI)
	IRR
	p value (95% CI)
	IRR
	p value (95% CI)

 

 	Low Country vs. Midlands 	1.118 	<0.0001 (1.066–1.171) 	1.118 	0.0002 (1.061–1.178) 	1.106 	0.7571 (0.905–1.351) 	1.622 	0.0282 (1.153–2.282) 	1.049 	0.9040 (0.913–1.207)


 	Low Country vs. Pee Dee 	0.852 	<0.0001 (0.814–0.894) 	0.853 	<0.0001 (0.809–0.899) 	0.843 	0.3393 (0.689–1.030) 	1.093 	0.9524 (0.786–1.520) 	0.823 	0.0315 (0.714–0.946)


 	Low Country vs. Upstate 	0.909 	0.0001 (0.869–0.950) 	0.947 	0.1402 (0.902–0.995) 	0.711 	0.0011 (0.94–0.850) 	0.730 	0.1178 (0.554–0.964) 	0.821 	0.0159 (0.721–0.935)


 	Midlands vs. Pee Dee 	0.763 	<0.0001 (0.728–0.799) 	0.763 	<0.0001 (0.724–0.803) 	0.762 	0.0376 (0.624–0.930) 	0.674 	0.1377 (0.470–0.966) 	0.783 	0.0028 (0.682–0.898)


 	Midlands vs. Upstate 	0.814 	<0.0001 (0.779–0.850) 	0.847 	<0.0001 (0.807–0.890) 	0.642 	<0.0001 (0.537–0.768) 	0.450 	<0.0001 (0.329–0.615) 	0.782 	0.0009 (0.689–0.889)


 	Pee Dee vs. Upstate 	1.066 	0.0225 (1.020–1.114) 	1.111 	<0.0002 (1.058–1.167) 	0.843 	0.2381 (0.705–1.008) 	0.668 	0.0419 (0.495–0.902) 	0.999 	1.0000 (0.879–1.136)





*Bolded p-values and 95% CIs are statistically significant at p < 0.05.
 



ADRD-specific incidence by PHRs

Compared to Pee Dee, the Low Country had a significantly lower AD incidence (p < 0.0001), Low Country also showed significantly higher incidence of Vad and Mixed dementia compared to the Midlands and Upstate regions. The Midlands also showed significantly lower AD incidence than Pee Dee (15% lower in the Midlands compared to Pee Dee; p < 0.0001). Additionally, statistically significant differences in incidence were observed for Vascular (p = 0.0376), and other types of dementia (p = 0.0028) for the Midlands compared to Pee Dee (Table 2).

AD incidence was significantly higher in the Pee Dee compared to the Upstate (11% higher than Upstate; p < 0.0002). For Mixed dementia, incidence was significantly lower in the Pee Dee compared to Upstate (33% lower than Upstate; p = 0.0419; Table 2).



Age-specific incidence

Among registrants under 65 years, AD, mixed and other dementia were highest in the Upstate PHR, vascular dementia incidence were highest in the Pee Dee PHR. The Low Country recorded the lowest incidence of AD and vascular dementia, whereas the Midlands and the lowest incidences of mixed dementia and other dementias (Table 3).


TABLE 3 Incidence (per 100,000 population) of ADRD specific diagnosis by PHR and age-group in the SCADR.


	PHR
	Age group
	Population at risk
	ADRD Specific incidence



	AD
	VaD
	Mixed
	Other

 

 	Low Country 	<65 	235,854 	44.095 	9.752 	2.120 	14.840


 	65–74 	140,974 	289.415 	36.886 	11.350 	47.526


 	75–84 	61,438 	1634.168 	99.287 	50.457 	224.617


 	85 and above 	15,043 	7179.419 	252.609 	159.543 	737.885


 	Midlands 	<65 	253,428 	48.929 	11.443 	1.973 	11.443


 	65–74 	150,186 	270.718 	32.775 	7.866 	52.439


 	75–84 	64,489 	1637.489 	86.837 	27.912 	238.800


 	85 and above 	16,568 	6458.233 	265.572 	96.572 	676.002


 	Upstate 	<65 	205,352 	80.837 	15.583 	3.896 	25.809


 	65–74 	160,249 	321.999 	54.915 	16.849 	76.132


 	75–84 	71,864 	1842.369 	154.458 	69.576 	278.303


 	85 and above 	18,673 	7229.690 	396.294 	198.147 	797.944


 	Pee Dee 	<65 	194,151 	69.534 	19.057 	3.090 	14.937


 	65–74 	130,608 	388.184 	37.517 	13.782 	78.862


 	75–84 	53,351 	1913.741 	110.588 	31.864 	309.273


 	85 and above 	11,942 	7955.116 	326.578 	117.233 	695.026




 

Among registrants aged 65–75 years, the Pee Dee PHR recorded higher incidence rates of AD and other dementia types, while incidences of vascular and mixed dementias were highest in the Upstate. The Midlands showed the lowest incidence of AD, vascular, and mixed dementias, whereas the Low Country had the lowest incidence of other dementia types (Table 3).

In the 75–84 age group, the Pee Dee PHR reported the highest incidence rates of AD and other types of dementia, while vascular and mixed dementias were higher in the Upstate PHR. The Midlands consistently had the lowest incidence across all ADRD types (Table 3).

Among registrants aged 85 and older, AD incidence was higher in the Pee Dee, whereas vascular, mixed and other dementia type were higher in the Upstate. The Midlands reported the lowest incidence rates for AD, mixed and other dementia type (Table 3).



Sensitivity analyses

Missing data were associated with age-group (p < 0.0001) and ADRD specific diagnosis (p < 0.0001) with small to moderate effect sizes (Cramer’s V = 0.15 and 0.12, respectively; Supplementary Table 1). Missingness was weakly associated with sex (p = 0.020, Cramer’s V = 0.018). These findings suggest that missingness is not completely at random but may be missing at random on age and ADRD specific diagnosis.

Sensitivity analyses were conducted to assess whether excluding the missing zip codes or counties in the analysis may influence the estimation of the true regional incidence rates. Using the proportional redistribution method, we compared full sample incidence estimates to estimates based on the complete case analysis (19, 20). The results showed a consistent increase of about 20.6% across all PHRs (complete case analyses underestimates the true incidence). Additionally, to assess the robustness of PHR estimates under extreme assumptions (21, 22), we assigned all cases with missing zip codes to the region with the lowest observed incidence (Midlands) and the highest (Pee Dee). The incidence rates increased accordingly in the Midlands and Pee Dee while the other PHRs remained stable (Supplementary Figure 1).




Discussion

This study is the first to characterize the incidence of ADRD by PHRs in South Carolina using the SCADR data. Our study showed that the crude incidence of ADRD differed significantly across the PHRs. The incidence of AD was higher in the Pee Dee compared to the other three PHRs. The incidence of VaD, Mixed dementia, and other types of dementia was higher in the Upstate PHR compared to the other PHRs. We observed a statistically significant difference in ADRD-specific incidence across all PHRs.

Our findings of higher incidence of ADRD in the Pee Dee Region are consistent with previous studies indicating the elevated risk among individuals in socioeconomically disadvantaged regions in the Southeast of the US including South Carolina (23, 24). Similarly, a study in New Zealand reported about 43% risk of developing dementia among individuals residing in socioeconomically disadvantaged neighborhoods (25).

The high incidence of ADRD in the Pee Dee PHR may be attributed to many factors including rurality. According to the Office of Management and Budget (OMB) (26), definition of an Urban vs. Rural County, the Pee Dee PHR is predominantly rural. Research shows that dementia risk factors, are influenced by environmental factors such as living in areas with high mortality rates, including rural settings (27). Additionally, data suggest that in the US, the incidence of dementia among older adults 65 years and older was higher among people with less than a high school education and people below the federal poverty line (3). The Pee Dee PHR has the highest vulnerability index in South Carolina, indicating inequitable access to healthcare and essential resources (10). Previous research shows the association between poverty and the risk of ADRD diagnosis (28). A systematic review to assess the association between neighborhood characteristics and cognition reported evidence of an association between socioeconomic status such as poverty, and cognition (28). Rural counties are more likely to be socioeconomically disadvantaged with increased risk factors for ADRD such as increased toxicants, and poor health outcomes due to limited healthcare access (29). The risk of cognitive impairment is more pronounced in people living in deprived areas (30).

The role of education in the diagnosis of ADRD cannot be overemphasized. Higher education (at least 16 years) increases cognitive reserve, which has been reported to be associated with less evidence of biomarkers of Alzheimer’s disease (31). Higher education influences a person’s lifestyle choices including diet, physical activity, and other decisions through lifelong learning which may delay the onset of ADRD. In rural counties, there are limited resources, including limited access to education. The higher incidence of ADRD in Pee Dee therefore may be suggestive of the cascading effect of limited resources including education. The persistent teacher shortages in the Pee Dee compared to the other public health PHRs (32) may indicate broader educational disparities, limiting access to quality education, and a continuous cycle of lower socioeconomic status that ultimately influences public health outcomes, including ADRD incidence.

It has also been suggested that the higher incidence of ADRD diagnoses in rural counties may be attributed to the higher prevalence of chronic conditions and morbidities which are precursors to ADRD diagnosis (33). Cardiovascular disease risk factors including hyperlipidemia, diabetes, hypertension and physical inactivity have been shown to be associated with dementia and dementia severity, progressing to Alzheimer’s disease (7, 34, 35). South Carolina is in Southeastern US with higher stroke incidence and mortality, often described as the stroke belt (36). Thus, the prevalence of cardiovascular disease risk factors is high in South Carolina. However, data shows disparity in the occurrence of these factors. Pee Dee PHR leads the regions in the prevalence of obesity, diabetes, stroke, hypertension and physical inactivity (37).

Our findings were consistent with previous studies that found an association between rural counties (areas) and higher ADRD incidence (38–40).

We observed a higher incidence of AD, VaD, and Mixed dementia among participants younger than 65 years in the Pee Dee PHR compared to the other PHRs. Although we can only speculate reasons for this observation, lower educational attainment and access to healthcare resources as described previously may best explain this observation. Previous studies have shown that an increase in educational attainment was associated with a reduction in the incidence of ADRD. In a study to describe the temporal trends in the incidence of dementia among participants in the Framingham study, incidence declined by 44% in the third epoch, observed among only participants with at least a high school diploma. The mean age of diagnosis/incidence increased from 80 years in the first epoch to 85 years during the fourth epoch (41).

Research shows that increased physical activity in younger ages decreases the risk of developing AD, VaD (42). Exercise increases blood flow to the cerebral part of the brain and decreases insula perfusion. The insula is affected in the early stages of AD, with hyper perfusion in the insula commonly reported among persons at risk of AD (43, 44). The Pee Dee region has the highest prevalence of physical inactivity in South Carolina (37). There is evidence of significant clusters of physical inactivity and obesity in rural counties compared to urban counties in South Carolina (45). People living in rural areas have less access to traditional or formal recreational parks, and increased crime in these areas discourage outdoor exercises compared to safe sidewalks, modern fitness centers and playgrounds in urban settings (46–48). Our findings were consistent with Rahman et al. (40), who reported that age at ADRD diagnosis/incidence was higher among younger populations in rural and micropolitan counties compared to metropolitan counties.

The incidence of AD was consistently higher among participants aged 65–75 years, 75–84 years and 85 years and above in the Pee Dee compared to other PHRs.

The incidence of VaD was consistently higher in the Upstate PHR among participants aged 65 years and above compared to the other PHRs. Decreased blood supply to the brain due to blocked or ruptured vessels in the brain or complications of hypertension increase the risk for VaD (49). Risk factors associated with cardiovascular health including smoking, diabetes, and hypertension are also associated with an increased risk of VaD (50–52). South Carolina is among the top 10 states with a high incidence of cardiovascular diseases in America, additionally, Greenville County, one of the most populous counties in South Carolina and in the Upstate PHR ranks in the top third in the state for heart disease (53). Vascular risk factors increase the risk of stroke, and a history of stroke also increases the risk of VaD (41), therefore, we cannot rule out the possibility of this being the reason for the observed higher incidence of VaD in the Upstate PHR. According to the CDC Wonder Data, Oconee County in the Upstate PHR is a noted hotspot for high cholesterol among adults 18 years and above (37). Hyperlipidemia is vascular risk factor associated with CVD and dementia, because of its role in atherosclerosis and cognitive impairment due to cerebral hypoperfusion or embolism (54). The Upstate PHR has the high cluster of healthcare facilities in South Carolina (45). A high cluster of healthcare facilities provide opportunities for hospital to improve performance through improved surveillance and integrated healthcare services. Therefore, more cases of VaD may be diagnosed more in the Upstate PHR compared to the others.

Previous studies have reported a strong association between cognitive health and healthcare access (55). The availability of physicians or primary care providers plays a key role including the management of risk factors, identifying patient cognitive changes overtime and timely diagnosis. According to the Lancet commission on Dementia Prevention, intervention, and Care, improving access to primary healthcare has the potential to delay or even prevent 40% of dementia cases (56).

Population risk differences across geographic locations, population educational level, and preexisting health conditions including cardiovascular disease, the availability of healthcare providers including neurological specialties, and the knowledge and care-seeking behaviors may account for these variations (56).


Strengths and limitations

We used data from the SCADR, that are relatively large and representative of the population (in comparison to CDC and the National Alzheimer’s Association report/data). Including the natural logarithm of the population at risk as an offset variable in our model allowed us to account for rates and to be able to compare the different population sizes in the PHRs. This is a major strength of our study. Additionally, by conducting sensitivity analyses, we demonstrated the robustness of our PHR estimates under different assumptions regarding missing data, which strengthen confidence in the validity of our findings.

Our study had some limitations; we did not assess for vascular factors in the PHRs as well as other detailed risk factors including education, lifestyle factors (smoking, alcohol use, environmental pollution, sleep pattern), and therefore we were not able to determine their association with the incidence of ADRD in each PHR. Due to the nature of registry data we cannot rule out the possibility of underreporting of data, underdiagnoses in the PHRs or missing county or zip codes or measurement errors; these have the potential to introduce bias. Of important note, the study was conducted after the COVID-19 lockdown period in South Carolina, while we do not have evidence to suggest this may have affected reporting of ADRD cases, there is a potential. Additionally, this study is a retrospective cohort analysis based on individuals diagnosed and reported in the SCADR; as such, the incidence estimates may not fully capture the true burden of ADRD in the entire South Carolina population. The use of the registry data limits our ability to control for all potential confounders, therefore we cannot rule out potential residual confounding.




Conclusion

The incidence of ADRD differs significantly across the PHRs, with the Pee Dee PHR having higher ADRD incidence. The incidence of AD, Mixed and other dementia types among participants younger than 65 years was higher in the Upstate PHR, and consistently higher incidence among participants 65 years and older in the Pee Dee PHR.

Additionally, the incidence of VaD was consistently higher among participants 65 years and older and in the Upstate PHR. Data from the Registry highlights significant differences in ADRD incidence in the PHRs, this suggests possible disparities in healthcare access, socioeconomic conditions, and rural/urban factors.

Comparing the incidence in the PHRs provides a unique opportunity to identify regional patterns and disparities for targeted interventions and increase the availability of resources regionally. Efforts to enhance early screening among younger populations in the Pee Dee region should be prioritized. Future research should delve deeper into these disparities within the younger populations in the PHRs. Findings in this research should be interpreted with caution as this is an observational study and is not intended to establish causal associations.



Data availability statement

The datasets presented in this article are not readily available because the data used for this study is subject to licenses and restrictions. Data request and access can be obtained at osa-sc.org/programs/alzheimers-disease-registry. Requests to access the datasets should be directed to Maggi Miller, CHANDLMJ@email.sc.edu, https://osa-sc.org/programs/alzheimers-disease-registry.



Author contributions

DA: Conceptualization, Data curation, Formal analysis, Methodology, Visualization, Writing – original draft, Writing – review & editing. MM: Conceptualization, Data curation, Formal analysis, Funding acquisition, Methodology, Supervision, Visualization, Writing – original draft, Writing – review & editing. RA: Conceptualization, Formal analysis, Methodology, Supervision, Writing – review & editing. NM: Conceptualization, Data curation, Formal analysis, Methodology, Supervision, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The authors acknowledge funding for this publication was supported by the South Carolina Alzheimer’s Disease Research Center, funded by state resources.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1584127/full#supplementary-material



References
	 1. Dementia. Dementia facts sheet. (2025). Available online at: https://www.who.int/news-room/fact-sheets/detail/dementia (Accessed on 2025 Apr 20)
	 2. Alzheimer’s Association. Alzheimer’s disease facts and figures [Internet]. Chicago, IL: Alzheimer’s Association (2024) Available online at: https://www.alz.org/getmedia/76e51bb6-c003-4d84-8019-e0779d8c4e8d/alzheimers-facts-and-figures.pdf
	 3. Kramarow,EA. Diagnosed dementia in adults age 65 and older: United States, 2022. National Health Statistics Reports, no. 203. Hyattsville, MD: National Center for Health Statistics. (2024) Available online at: https://stacks.cdc.gov/view/cdc/154766
	 4. National Institute of Neurological Disorders and Stroke (NINDS). Focus on Alzheimer’s disease and related dementias [Internet]. Bethesda, MD: National Institute of Neurological Disorders and Stroke (US). (2024) Available online at: https://www.ninds.nih.gov/current-research/focus-disorders/focus-alzheimers-disease-and-related-dementias
	 5. Livingston,G, Huntley,J, Liu,KY, Costafreda,SG, Selbæk,G, Alladi,S , et al. Lancet Standing Commission. Dementia prevention, intervention, and care: 2024 report of the Lancet Standing Commission. Lancet. (2024) 404:572–628. doi: 10.1016/S0140-6736(24)01296-0
	 6. Alzheimer’s Disease International. Dementia statistics [Internet]. London, UK: Alzheimer’s Disease International. (2024) Available online at: https://www.alzint.org/about/dementia-facts-figures/dementia-statistics/
	 7. Alzheimer’s Association. Alzheimer’s disease facts and figures. Alzheimers Dement. (2019) 15:321–87. doi: 10.1016/j.jalz.2019.01.010
	 8. Chen,Y, Tysinger,B, Crimmins,E, and Zissimopoulos,JM. Analysis of dementia in the US population using Medicare claims: insights from linked survey and administrative claims data. Alzheimers Dement (N Y). (2019) 5:197–207. doi: 10.1016/j.trci.2019.04.003 
	 9. Grodstein,F, James,BD, Chen,Y, Capuano,AW, Power,MC, Bennett,DA , et al. Identification of dementia in Medicare claims compared to rigorous clinical assessments in African Americans. J Gerontol A Biol Sci Med Sci. (2024) 79:glad235. doi: 10.1093/gerona/glad235 
	 10. Live Healthy South Carolina; South Carolina Department of Public Health; Alliance for a Healthier South Carolina. 2023 State health assessment companion report [Internet]. Cayce, SC: South Carolina Department of Public Health. (2024) Available online at: https://dph.sc.gov/sites/scdph/files/media/document/New%20PDFs/SHA-Companion-Report-20240521.pdf
	 11. Bynum,JPW, Benloucif,S, Martindale,J, O’Malley,AJ, and Davis,MA. Regional variation in diagnostic intensity of dementia among older U.S. adults: an observational study. Alzheimers Dement. (2024) 20:6755–6764. doi: 10.1002/alz.14092
	 12. Lang,L, Clifford,A, Wei,L, Zhang,D, Leung,D, Augustine,G , et al. Prevalence and determinants of undetected dementia in the community: a systematic literature review and a meta-analysis. BMJ Open. (2017) 7:e011146. doi: 10.1136/bmjopen-2016-011146
	 13. Wood,E, Sanders,M, and Frazier,T. The practical use of social vulnerability indicators in disaster management. Int J Disaster Risk Reduction. (2021) 63:102464. doi: 10.1016/j.ijdrr.2021.102464 
	 14. Mah,JC, Penwarden,JL, Pott,H, Theou,O, and Andrew,MK. Social vulnerability indices: a scoping review. BMC Public Health. (2023) 23:1253. doi: 10.1186/s12889-023-16097-6 
	 15. Lanctôt,KL, Hahn-Pedersen,JH, Eichinger,CS, Freeman,C, Clark,A, Tarazona,LRS , et al. Burden of illness in people with Alzheimer’s disease: a systematic review of epidemiology, comorbidities and mortality. J Prev Alzheimers Dis. (2024) 11:97–107. doi: 10.14283/jpad.2023.61 
	 16. Office for the Study of Aging. South Carolina Alzheimer’s Disease Registry 2023 Annual Report [Internet]. Columbia, SC: University of South Carolina, Arnold School of Public Health (2023) Available online at: https://osa-sc.org/wp-content/uploads/2024/03/alzheimers_registry_report_2023.pdf
	 17. U.S. Census Bureau. Methodology for the United States population estimates: Vintage 2020. Washington, DC: U.S. Census Bureau. (2024) Available online at: https://www2.census.gov/programs-surveys/popest/technical-documentation/methodology/2010-2020/methods-statement-v2020-final.pdf
	 18. GeoPlatform [Internet]. Washington, DC: U.S. Federal Government. Available online at: https://geoplatform.maps.arcgis.com/home/index.html (Accessed November 20, 2024).
	 19. Cole,SR, Zivich,PN, Edwards,JK, Shook-Sa,BE, and Hudgens,MG. Sensitivity analyses for means or proportions with missing outcome data. Epidemiology. (2023) 34:645–51. doi: 10.1097/EDE.0000000000001627 
	 20. Mathur,MB. The M-value: a simple sensitivity analysis for Bias due to missing data in treatment effect estimates. Am J Epidemiol. (2023) 192:612–20. doi: 10.1093/aje/kwac207 
	 21. Jakobsen,JC, Gluud,C, Wetterslev,J, and Winkel,P. When and how should multiple imputation be used for handling missing data in randomised clinical trials - a practical guide with flowcharts. BMC Med Res Methodol. (2017) 17:162. doi: 10.1186/s12874-017-0442-1 
	 22. Vibha,D, and Prasad,K. How to Deal with missing data? Neurology. (2020) 68:886–8. doi: 10.4103/0028-3886.293445
	 23. Keohane,LM, Nikpay,S, Braun,K, Cheng,A, Stevenson,D, Buntin,MB , et al. Association of race and income with incident diagnosis of Alzheimer’s disease and related dementias among black and White older adults. J Appl Gerontol. (2023) 42:898–908. doi: 10.1177/07334648221142851 
	 24. Dintica,CS, Bahorik,A, Xia,F, Kind,A, and Yaffe,K. Dementia risk and disadvantaged neighborhoods. JAMA Neurol. (2023) 80:903–9. doi: 10.1001/jamaneurol.2023.2120
	 25. Vahaba,D. Poor neighborhoods linked to elevated dementia risk and faster brain aging. Duke Today. (2024) Available online at: https://today.duke.edu/2024/03/poor-neighborhoods-linked-elevated-dementia-risk-and-faster-brain-aging
	 26. Office of Management and Budget. Revised delineations of metropolitan statistical areas, micropolitan statistical areas, and combined statistical areas, and guidance on uses of the delineations of these areas. OMB Bulletin No. 20-01. Washington, DC: Executive Office of the President. (2020). Available online at: https://www.census.gov/programs-surveys/metro-micro/about/omb-bulletins.html
	 27. Case,A, and Paxson,C. Early life health and cognitive function in old age. Am Econ Rev. (2009) 99:104–9. doi: 10.1257/aer.99.2.104 
	 28. Besser,LM, McDonald,NC, Song,Y, Kukull,WA, and Rodriguez,DA. Neighborhood environment and cognition in older adults: a systematic review. Am J Prev Med. (2017) 53:241–51. doi: 10.1016/j.amepre.2017.02.013
	 29. Clarke,P, and Nieuwenhuijsen,ER. Environments for healthy ageing: a critical review. Maturitas. (2009) 64:14–9. doi: 10.1016/j.maturitas.2009.07.011 
	 30. Wu,YT, Prina,AM, and Brayne,C. The association between community environment and cognitive function: a systematic review. Soc Psychiatry Psychiatr Epidemiol. (2015) 50:351–62. doi: 10.1007/s00127-014-0945-6
	 31. Almeida,RP, Schultz,SA, Austin,BP, Boots,EA, Dowling,NM, Gleason,CE , et al. Effect of cognitive reserve on age-related changes in cerebrospinal fluid biomarkers of Alzheimer disease. JAMA Neurol. (2015) 72:699–706. doi: 10.1001/jamaneurol.2015.0098 
	 32. Dickenson,TS, Hodges,TE, Kunz,GM, and Garrett,JJ. Exploring the uniformity of South Carolina teacher vacancies: policy and practice implications for addressing the teacher shortage in South Carolina. Columbia, SC: South Carolina Department of Education. (2021). Available online at: https://screportcards.ed.sc.gov/
	 33. Weden,MM, Shih,RA, Kabeto,MU, and Langa,KM. Secular trends in dementia and cognitive impairment of U.S. rural and urban older adults. Am J Prev Med. (2018) 54:164–72. doi: 10.1016/j.amepre.2017.10.021 
	 34. Gottesman,RF, Schneider,ALC, Zhou,Y, Coresh,J, Green,E, Gupta,N , et al. Association between midlife vascular risk factors and estimated brain amyloid deposition. JAMA - J American Medical Association. (2017) 317:1443–50.
	 35. Kuller,LH, Lopez,OL, Mackey,RH, Rosano,C, Edmundowicz,D, Becker,JT , et al. Subclinical cardiovascular disease and death, dementia, and coronary heart disease in patients 80þ years. J Am Coll Cardiol. (2016) 67:1013–22. doi: 10.1016/j.jacc.2015.12.034 
	 36. Howard,G, and Howard,VJ. Twenty years of Progress toward understanding the Stroke Belt. Stroke. (2020) 51:742–50. doi: 10.1161/STROKEAHA.119.024155 
	 37. Centers for Disease Control and Prevention. Interactive atlas of heart disease and stroke [Internet]. Atlanta, GA: Centers for Disease Control and Prevention. (2025) Available online at: https://nccd.cdc.gov/dhdspatlas/
	 38. Alhasan,DM, Larson,G, Lohman,MC, Cai,B, Laporte,FB, Miller,MC , et al. Features of the physical and social neighborhood environment and neighborhood-level Alzheimer’s disease and related dementia in South Carolina. Environ Health Perspect. (2024) 132:27013. doi: 10.1289/EHP13183 
	 39. Abner,EL, Jicha,GA, Christian,WJ, and Schreurs,BG. Rural-urban differences in Alzheimer’s disease and related disorders diagnostic prevalence in Kentucky and West Virginia. J Rural Health. (2016) 32:314–20. doi: 10.1111/jrh.12155 
	 40. Rahman,M, White,EM, Mills,C, Thomas,KS, and Jutkowitz,E. Rural-urban differences in diagnostic incidence and prevalence of Alzheimer’s disease and related dementias. Alzheimers Dement. (2021) 17:1213–30. doi: 10.1002/alz.12285 
	 41. Satizabal,CL, Beiser,AS, Chouraki,V, Chêne,G, Dufouil,C, and Seshadri,S. Incidence of dementia over three decades in the Framingham heart study. N Engl J Med. (2016) 374:523–32. doi: 10.1056/NEJMoa1504327 
	 42. Amoatika,DA, Rokonuzzaman,SM, Yi,F, Brown,MJ, and Liu,J. Physical activity and cognitive function among older adults, United States. Act Adapt Aging. (2024) 48:1–10. doi: 10.1080/01924788.2024.2413783
	 43. Alfini,AJ, Weiss,LR, Nielson,KA, Verber,MD, and Smith,JC. Resting cerebral blood flow after exercise training in mild cognitive impairment. J Alzheimer's Dis. (2019) 67:671–84. doi: 10.3233/JAD-180728 
	 44. Thambisetty,M, Beason-Held,L, An,Y, Kraut,MA, and Resnick,SM. APOE ε4 genotype and longitudinal changes in cerebral blood flow in normal aging. Arch Neurol. (2010) 67:93–8. doi: 10.1001/archneurol.2009.913 
	 45. Aljabri,D. Associations between obesity, physical inactivity, healthcare capacity, and the built environment: geographic information system analysis. J Multidiscip Healthc. (2022) 15:689–704. doi: 10.2147/JMDH.S345458 
	 46. Yang,W, Spears,K, Zhang,F, Lee,W, and Himler,HL. Evaluation of personal and built environment attributes to physical activity: a multilevel analysis on multiple population-based data sources. J Obes. (2012) 2012:548910. doi: 10.1155/2012/548910
	 47. Li,F, Fisher,KJ, Brownson,RC, and Bosworth,M. Multilevel modelling of built environment characteristics related to neighbourhood walking activity in older adults. J Epidemiol Community Health. (2005) 59:558–64. doi: 10.1136/jech.2004.028399 
	 48. Boer,R, Zheng,Y, Overton,A, Ridgeway,GK, and Cohen,DA. Neighborhood design and walking trips in ten U.S. metropolitan areas. Am J Prev Med. 32:298–304. doi: 10.1016/j.amepre.2006.12.012 
	 49. Kuźma,E, Lourida,I, Moore,SF, Levine,DA, Ukoumunne,OC, and Llewellyn,DJ. Stroke and dementia risk: a systematic review and meta-analysis. Alzheimers Dement. (2018) 14:1416–26. doi: 10.1016/j.jalz.2018.06.3061 
	 50. Gudala,K, Bansal,D, Schifano,F, and Bhansali,A. Diabetes mellitus and risk of dementia: a meta-analysis of prospective observational studies. J Diabetes Investig. (2013) 4:640–50. doi: 10.1111/jdi.12087 
	 51. Abell,JG, Kivimäki,M, Dugravot,A, Tabak,AG, Fayosse,A, Shipley,M , et al. Association between systolic blood pressure and dementia in the Whitehall II cohort study: role of age, duration, and threshold used to define hypertension. Eur Heart J. (2018) 39:3119–25. doi: 10.1093/eurheartj/ehy288 
	 52. Johnson,AL, Nystrom,NC, Piper,ME, Cook,J, Norton,DL, Zuelsdorff,M , et al. Cigarette smoking status, cigarette exposure, and duration of abstinence predicting incident dementia and death: a multistate model approach. J Alzheimer's Dis. (2021) 80:1013–23. doi: 10.3233/JAD-201332 
	 53. Matt,SF, William,AW, and Sloan,M. Closing the treatment gap with cardiac rehabilitation in a heartcare partnership. Medicine & Science in Sports & Exercise. (2005) 37:S454.
	 54. Appleton,JP, Scutt,P, Sprigg,N, and Bath,PM. Hypercholesterolaemia and vascular dementia. Clin Sci. (Lond). (2017) 131:1561–78. doi: 10.1042/CS20160382
	 55. Mullins,MA, Bynum,JPW, Judd,SE, and Clarke,PJ. Access to primary care and cognitive impairment: results from a national community study of aging Americans. BMC Geriatr. (2021) 21:580. doi: 10.1186/s12877-021-02545-8 
	 56. Livingston,G, Huntley,J, Sommerlad,A, Ames,D, Ballard,C, Banerjee,S , et al. Dementia prevention, intervention, and care: 2020 report of the lancet commission. Lancet. (2020) 396:413–46. doi: 10.1016/S0140-6736(20)30367-6


Copyright
 © 2025 Amoatika, Miller, Adams and Milano. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-16-1584127-g005.jpg
'VASCULAR DEMENTIA INCIDENCE IN THE PUBLIC HEALTH REGIONS

saluda

Lexington
Edgefield

Vascular dementia incidence per 100,000 population
[ 38 - Midiands
[0 41- Low Country
I 50- Pee Dee

[ 59 - Upstate





OPS/images/fneur-16-1584127-g006.jpg
MIXED DEMENTIA INCIDENCE IN THE PUBLIC HEALTH REGIONS
e
\ Cheroket

Grebquile |spartanburg
B ol s

M)g Laurens
Abbevme\/ B
.

McCorva

Berkeley

Orangeburg.

Mixed dementia incidence per 100,000 population
[ 11 - Midiands

I 16 - Pee Dee

[ 18 - Low Country

[ 24 - Upstate





OPS/images/fneur-16-1584127-g003.jpg
/ADRD INCIDENCE IN THE PUBLIC HEALTH REGIONS.

Spartanburg

Crude ADRD incidence per 100,000 population
[ 684 - Midiands

[ 764 - Low Country

[0 840 - Upstate

[ 896 - Pee Dee

Lexington






OPS/images/fneur-16-1584127-g004.jpg
/ALZHEIMER'S DISEASE INCIDENCE IN THE PUBLIC HEALTH REGIONS

: 2
3 Gregnwille | spartanburg

\ pickens _\ \

/

&

/AR

Abbeville

j/‘on.’m

e
McCagmick

od
Richland

Edgefield

Orangeburg.

el
Barnwell | g mberg

Alzheimer's Disease incidence per 100,000 population
[ 555 - Midlands

[ 620 - Low Country

[ 655 - Upstate

I 727 - Pee Dee





OPS/images/fneur-16-1584127-g007.jpg
(OTHER DEMENTIA TYPES INCIDENCE IN THE PUBLIC HEALTH REGIONS

Cherokee
Spartanburg

[t

Edgefield

Bamberg

Other dementia types incidence per 100,000 population
[ 80 - Midlands

[ 84 - Low Country

I 102 - Pee Dee

[1102- Upstate





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Regional differences in the incidence of Alzheimer’s disease and related dementias in South Carolina



		Introduction



		Methods



		Data source



		Measures



		Incidence



		Demographic characteristics



		Statistical analysis



		Missing data















		Results



		Sociodemographic characteristics



		ADRD incidence by PHR



		ADRD-specific incidence by PHRs



		Age-specific incidence



		Sensitivity analyses









		Discussion



		Strengths and limitations









		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fneur-16-1584127-g001.jpg
Number in Registry (1988-2021) n
=377143

Excluded:
Year of Diagnosis
before 2021
(n=357,895)

*Excluded:
Age younger than 50 or
older than 110 (n=293)

n=18,955

) Missing Zip
Upstate Midlands C‘l)‘::"y Pee Dee codes or
n= 4608 S =322 County

n=3910






OPS/images/fneur-16-1584127-g002.jpg
'CRUDE ADRD INCIDENCE BY COUNTIES IN SOUTH CAROLINA

=5

Chesterfield Martboro

Horry

Orangeburg SestEey

Bamberg

N@J‘

Crude ADRD incidence per 100,000 popuation
[ 386 - 680
[ 681-802
[ 803-908
I 909 - 1148





OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Regional differences in the
incidence of Alzheimer’s disease
and related dementias in South

Carolina












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






