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Abstract
Background
Mobile medical clinics have been used for decades to provide primary and preventive care to underserved populations. While several studies have examined their return on investment and impact on chronic disease management outcomes in the Mid-Atlantic and East Coast regions of the United States, little is known about the characteristics and clinical outcomes of adults who receive care aboard mobile clinics on the West Coast region. Guided by the Anderson Behavioral Model, this study describes the predisposing, enabling, and need factors associated with mobile medical clinic use among mobile medical clinic patients in Southern California and examines the relationship between mobile clinic utilization and presence and control of diabetes and hypertension.

Methods
We conducted a retrospective cohort study of 411 adults who received care in four mobile clinic locations in Southern California from January 1, 2018, to December 31, 2019. Data were collected from patient charts on predisposing (e.g., sex, race, age), enabling (e.g., insurance and housing status), and need (e.g., chronic illness) factors based on Andersen’s Behavioral Model. Zero-truncated negative binomial regression was used to examine the association of chronic illness (hypertension and diabetes) with number of clinic visits, accounting for potential confounding factors.

Results
Over the course of the 2-year study period, 411 patients made 1790 visits to the mobile medical clinic. The majority of patients were female (68%), Hispanic (78%), married (47%), with a mean age of 50 (SD = 11). Forty-four percent had hypertension and 29% had diabetes. Frequency of mobile clinic utilization was significantly associated with chronic illness. Patients with hypertension and diabetes had 1.22 and 1.61 times the rate of mobile medical clinic visit than those without those conditions, respectively (IRR = 1.61, 95% CI, 1.36–1.92; 1.22, 95% CI, 1.02–1.45).

Conclusions
Mobile clinics serve as an important system of health care delivery, especially for adults with uncontrolled diabetes and hypertension.
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Background
Mobile medical clinics are custom-made vehicles (e.g., vans, trucks, recreational vehicles) converted to healthcare clinics that travel to the heart of communities where people work, live, play, and pray [1]. Over the past few decades, mobile medical clinics have contributed to the health of underserved populations who are marginalized by geographic, social, or structural barriers [2, 3] by providing primary care, preventative care, and health care screening [4]. They are an effective strategy for increasing access to healthcare and reducing health disparities for communities [3]. In addition, an increasing body of knowledge shows that mobile medical clinics are accomplishing their mission to provide cost-effective healthcare for underserved populations across the nation [3, 5].
Foundational studies on mobile medical clinics have been conducted in the Mid-Atlantic and east coast regions of the United States (US). These studies evaluated the effectiveness of mobile medical clinics by calculating and investigating their return on investment, [6–9] evaluating chronic disease management outcomes, [3, 5–10], and identifying utilization patterns [2]. Results suggest that mobile medical clinics are a model for high-quality, cost-effective health care delivery for improving health outcomes in underserved areas. However, variations in region, populations, and healthcare service patterns across the nation underscore the need to understand how mobile medical clinics impact healthcare access, healthcare utilization, health outcomes, and cost. Although there are a reported 120 mobile health clinics providing services in California, with 70 licensed by the state as a primary care clinic, [11] no studies to date have described the demographic characteristics, healthcare utilization patterns, and chronic illness (e.g., diabetes, hypertension) health outcomes of adults served by primary care mobile medical clinics operating in the western region of the US.
Applying theoretical models of health services utilization to underserved populations, such as mobile clinic patients can be particularly helpful in identifying the unique challenges they face in obtaining needed services and maintaining or improving their health status [12]. Andersen’s Behavioral Model is one of the most frequently used frameworks for explaining and predicting patient utilization of healthcare services and related outcomes [13–15]. Guided by Andersen’s Behavioral Model, this study examined the characteristics, mobile clinic utilization, and clinical outcomes of adults who receive care at Well of Healing Mobile Medical Clinic, which is a no-cost, faith-based primary care mobile medical clinic in Southern California [16].
The aims of this study were to: 1) describe visit frequency among adults who utilize mobile clinics by sociodemographic and health characteristics (i.e., age, sex, ethnicity, insurance status, zip code, Charlson Comorbidity Index score) and presence and control of chronic illness (i.e., diabetes: hemoglobin A1c < 6.5% and hypertension: blood pressure < 140/90 mmHg); and 2) examine the relationship between mobile clinic utilization and presence of chronic illness, controlling for sociodemographic and health characteristics.

Methods
Study design and sampling
This study was a retrospective cohort study analyzing data retrieved from chart reviews of adult patients who visited four mobile clinic locations in Southern California from January 1, 2018, to December 31, 2019. The study inclusion criteria included adults 26 years and older who visited the clinic at least one time during the 2-year study period. As chronic illnesses were the outcome of interest, this study included only adult patients over age 26 – an approach consistent with other mobile clinic studies [13, 17]. Exclusion criteria included those who visited the clinic once but left without being seen by a health care provider, and people 25 years and younger. After conducting an initial patient chart review, a total of 425 patients were identified as eligible for the study. Upon further review, 14 patients were excluded from the study because they left without being seen by a provider. Hence, 411 patients were included in the study.

Study setting
San Bernardino County is one of the largest counties in California. Many areas suffer from poverty-related disparities, including food deserts, high rates of crime, unemployment, and homelessness [18]. San Bernardino County residents experience higher levels of diabetes and hypertension compared to residents in the rest of the state of California (diabetes: 11% vs 9%; hypertension: 32% vs 28%) [18]. Additionally, 36% of adults in San Bernardino County are obese, compared with California's obesity rate of 27.9% [18].
The Well of Healing Mobile Medical Clinic is a primary care clinic that opened its doors in 2004. It is licensed as a free clinic by the California Department of Public Health for San Bernardino County. It is a non-denominational faith-based clinic operated by ministry volunteer physicians and nurses [16]. The mobile clinic drives into four communities: Fontana, Ontario, Muscoy, and San Bernardino. Clinic services are offered once a month at each of the clinic locations. For continuity of care, patients and volunteers are assigned to one of the four sites. The sites are set up at a local church in each of these communities. Patients are served on a first come, first serve basis; no one is turned away. First, patients are assessed by a nurse. Then, they are given a private examination by a provider, either a physician, physician assistant, or nurse practitioner. This examination may be followed by lab draw, medication prescription when appropriate, and health education.

Study variables and measures
The dependent variable was mobile clinic utilization. Mobile clinic utilization was operationally defined as the total number of visits per year during the 2-year study period and the mean number of visits per year.
The independent variables were categorized as predisposing, enabling, and need factors following Andersen’s Behavioral Model. Predisposing factors refer to the propensity of individuals to use services [19] and included demographic characteristics including sex (male or female), race/ethnicity (African American, White, or Hispanic), age, and marital status (single or married). Enabling factors refer to resources specific to the individual or attributes of the community in which the person lives [19] that either enable or impede healthcare utilization. Such enabling factors for this study included insurance status (uninsured, insured, and other) and housing status (housed or homeless based on having a zip code). Need factors refer to the level of illness which is the most proximate cause of health service use and may be either perceived by the individual or identified by a care provider [19]. Such need factors included: the presence of obesity and/or depression; the Charlson Comorbidity Index (CCI) score; and chronic illness diagnoses of diabetes and hypertension, and their control status based on hemoglobin A1c level and systolic and diastolic blood pressure, respectively.
The presence of obesity and depression at baseline were ascertained by chart review of a diagnosis of obesity [20] or depression, [21] or an existing medication prescription for depression (Abilify, Elavil, Prozac, or Zoloft based on known available mobile clinic treatment options). While it is possible that these prescriptions for depression could be used for other mental health disorders (e.g., anxiety, panic, post-traumatic stress disorders, Schizophrenia, etc.), chart review did not reveal these other mental health diagnoses. The Charlson Comorbidity Index (CCI) documents the presence of 19 comorbidities (e.g., age, CHF, CVA, COPD), allocates a weight of 1–6 based upon the adjusted relative risk of 1-year mortality, and is then summed to provide a total index score which serves as an indicator of disease burden and a strong estimation of mortality [22–24]. Based on distribution of CCI scores in the study sample, the CCI variable was coded categorically (CCI = 0, 1, 2, 3, 4 +), with CCI = 0 as the referent category.
Presence of diabetes was identified in the patient chart by the record of the disease diagnosis and/or presence of diabetes medication (e.g., metformin, glipizide). Controlled diabetes was defined as hemoglobin A1c < 6.5%, based on the Centers for Disease Control and Prevention (CDC) guidelines [25]. Hemoglobin A1c provides an average level of blood sugar over the past 3 months. The higher the Hemoglobin A1c level, the more poorly diabetes is controlled [26]. Hemoglobin A1c tests were extracted from all visits in which hemoglobin A1c was tested.
The presence of hypertension was identified in the patient chart by the record of the disease diagnosis and/or presence of hypertensive medication (e.g., Amlodipine, HCTZ, Losartan, Lisinopril). All systolic and diastolic blood pressure recorded values were extracted from each patient record. Controlled hypertension was defined as systolic pressure < 140 mmHg and diastolic pressure < 90 mmHg. According to JNC-8 hypertension guidelines, American Academy of Family Physicians, and the setting’s standard of practice, for individuals 18 to 59 years of age without major comorbidities and patients 60 years or older who have diabetes, chronic kidney disease (CKD), or both conditions, the blood pressure goal is < 140/90 mmHg [27, 28].

Data analyses
Descriptive statistics were used to summarize the characteristics of the sample and the total number of visits by sample characteristics. Descriptive statistics were reported as means and standard deviations for continuous variables and frequencies and percentages for categorical variables. We examined the relationship between the number of mobile clinic visits and the presence of chronic illness (diabetes and hypertension) using both poisson and negative binomial regressions and conducted a formal test of poisson versus negative binomial on the full multivariable model to determine a better model. Since individuals were required to have at least one visit to the clinic in order to be considered part of the cohort and the counts were overdispersed, we chose a zero-truncated negative binomial regression.
Covariates of predisposing, enabling, and need factors were included based on a theoretical approach. The analysis adjusted for an exposure time offset which was calculated for members who were already in the mobile clinic health care system from 01/01/2018 (study start) to 12/31/2019 (study end) and for new patients who started to visit during the study time period, from the time of their first visit to 12/31/2019 (study end). Unadjusted and adjusted results were presented with Incident Rate Ratios (IRR) and 95% Confidence Intervals (CIs). Data analysis was conducted in R v4.1.0 [29] using the R package VGAM v1.1.5 [30].


Results
Characteristics of overall study sample
Table 1 presents the baseline characteristics, total number of clinic visits, and mean number of visits for adults who received care at a Southern California mobile medical clinic between January 1, 2018, and December 31, 2019. Over the course of the 2-year study period, 411 patients made a total of 1790 mobile medical clinic visits. The majority of the mobile clinic patients were female (n = 281, 68%), Hispanic (n = 321, 78%), and married (n = 192, 47%), with a mean age of 50 (range 42–57, SD = 11). Uninsured individuals accounted for 38% (n = 156) of the study sample. Nearly all mobile clinic patients reported a home address (n = 402, 98%) while only 2% (n = 9) indicated homeless housing status.
Table 1Baseline characteristics and clinic visits of patients receiving care at mobile medical clinics in Southern California between January 1, 2018, and December 31, 2019


	Variables
	Mobile clinic patientsa
n (%)
	Total number of visitsb
n
	Number of clinic visitsc
mean (SD)

	TOTAL SAMPLEd
	411 (100.0)
	1790
	4.4 (3.9)

	Initial visit before 2018
	158 (38.4)
	 	1.7 (1.4)

	Initial visit 2018–2019
	253 (61.6)
	 	2.7 (2.5)

	Predisposing variables

	 Gender/Sex

	  Female
	281 (68.4)
	1229
	4.4 (3.9)

	  Male
	130 (31.6)
	561
	4.3 (4.0)

	Race/Ethnicity

	 Hispanic
	321 (78.1)
	1513
	4.7 (4.0)

	 African American
	25 (6.1)
	63
	2.5 (3.3)

	 White
	24 (5.8)
	67
	2.8 (3.5)

	 Unspecified
	41 (10.0)
	147
	3.6 (3.2)

	Age

	 26–35
	29 (7.1)
	53
	1.8 (1.6)

	 36 -45
	107 (26.0)
	329
	3.5 (3.4)

	 46–55
	141 (34.3)
	568
	4.3 (3.9)

	 56–65
	93 (22.6)
	577
	5.3 (4.2)

	 66 + 
	37 (9.0)
	263
	5.4 (4.3)

	 Mean (SD)
	50.3 (11.2)
	 	6.6 (4.2)

	Marital Status

	 Married
	192 (46.7)
	511
	5.0 (4.1)

	 Single
	151 (36.7)
	957
	3.4 (3.5)

	 Unknown
	68 (16.5)
	322
	4.7 (3.8)

	Enabling variables

	 Insurance Status

	  Uninsured
	156 (38.0)
	934
	6.0 (4.3)

	  Unknown
	230 (56.0)
	75
	3.4 (3.3)

	  Other
	25 (6.1)
	781
	3.0 (3.2)

	Housing Status

	 Housed
	402 (97.8)
	1137
	4.4 (3.9)

	 Homeless
	9 (2.2)
	776
	1.1 (0.3)

	Clinic Location

	 Ontario, CA
	160 (38.9)
	533
	4.6 (4.1)

	 Fontana, CA
	119 (29.0)
	61
	5.2 (3.8)

	 Muscoy, CA
	99 (24.1)
	413
	3.6 (3.9)

	 San Bernardino, CA
	33 (8.0)
	474
	2.3 (2.7)

	Need variables
	 	472
	 
	Chronic Illness

	 Hypertension
	181 (44.0)
	1137
	6.3 (4.3)

	 Uncontrolled hypertension
	89 (49.2)
	627
	7.0 (4.2)

	 Diabetes
	117 (28.5)
	776
	6.6 (4.2)

	 Uncontrolled diabetes
	69 (59.0)
	602
	8.7 (3.7)

	Other Medical Conditions

	 Obesity
	89 (21.7)
	533
	6.0 (4.5)

	 Depression
	10 (2.4)
	61
	6.1 (6.3)

	Charlson Comorbidity Index score

	 0
	150 (36.5)
	413
	2.8 (2.6)

	 1
	105 (25.6)
	474
	4.5 (4.0)

	 2
	84 (20.4)
	472
	5.6 (4.4)

	 3
	50 (12.2)
	328
	6.6 (4.3)

	 4 + 
	22 (5.4)
	103
	4.7 (4.2)


aMobile clinic patients = number of patients included in the study who visited the clinic between January 1, 2018, and December 31, 2019
bTotal number of visits = number of visits during the study period between January 1, 2018—December 31, 2019
cMean number of visits over the 2-year study period with standard deviation. SD = Standard Deviation
dRow Percent



Of the total 411 mobile clinic patients, 181 (44%) had hypertension and 117 (29%) had diabetes. The mean number of visits for those with hypertension (n = 181) and uncontrolled hypertension (n = 89) were 6.3 (SD = 4.3) and 7.0 (SD = 4.2), respectively. The mean number of visits for those with diabetes (n = 117) and uncontrolled diabetes (n = 69)were 6.6 (SD = 4.2) and 8.7 (SD = 3.7), respectively. Those with depression accounted for 2.4% of the study sample (n = 10) and on average, these patients visited mobile clinics 6.1 (SD = 6.3) times over the study period. Roughly two-thirds of patients (n = 261, 63%) had some level of comorbidity (CCI = 1–4 +). Mobile clinic patients with a CCI score of 3 had two times the mean number of visits than those with a CCI score of 0 [CCI 3: 6.6 (SD = 4.3); CCI 0: 2.8 (SD = 2.6)].

Characteristics of patients with diabetes and uncontrolled diabetes
Table 2 presents baseline characteristics of the patients with a diagnosis of diabetes and uncontrolled diabetes. Among the mobile clinic patients with diabetes (n = 117, 29%), 68% (n = 80) were female, 82% (n = 92) were Hispanic, 55% (n = 67) were married, 51% (n = 60) were uninsured, 100% (n = 117) were housed, and their mean age was 55.5 (SD = 10.0) years old. Of those with diabetes, 70% (n = 82) also had a diagnosis of hypertension.
Table 2Baseline characteristics of patients with diabetes and uncontrolled diabetes receiving care at a mobile medical clinics in Southern California between January 1, 2018, and December 31, 2019


	Variables
	Diabetes Yesa
	Uncontrolledb Hemoglobin A1c ≥ 6.5

	TOTAL SAMPLE*
	117 (28.5)
	69 (59.0)

	Predisposing variables

	 Gender/Sex

	  Female
	80 (68.4)
	47 (68.1)

	  Male
	37 (31.6)
	22 (31.9)

	Race/Ethnicity

	 Hispanic
	96 (82.1)
	57 (82.6)

	 African American
	3 (2.6)
	1 (1.4)

	 White
	6 (5.1)
	3 (4.3)

	 Unspecified
	12 (10.3)
	8 (11.6)

	Age

	 25–35
	1 (0.9)
	0 (0.0)

	 36 -45
	22 (18.8)
	14 (20.3)

	 46–55
	28 (23.9)
	13 (18.8)

	 56–65
	49 (41.9)
	31 (44.9)

	 66 + 
	17 (14.5)
	11 (15.9)

	 Mean (SD)
	55.54 (10.0)
	56.41(10.3)

	Marital Status

	 Married
	67 (57.3)
	39 (56.5)

	 Single
	28 (23.9)
	14 (20.3)

	 Unknown
	22 (18.8)
	16 (23.2)

	Enabling variables

	 Insurance Status

	  Uninsured
	60 (51.3)
	41 (59.4)

	  Unknown
	53 (45.3)
	25 (36.2)

	  Other
	4 (3.4)
	3 (4.3)

	Housing Status

	 Housed
	117 (100.0)
	69 (100.0)

	 Homeless
	0 (0.0)
	0 (0.0)

	Clinic Location

	 Ontario
	46 (39.3)
	28 (40.6)

	 Fontana
	44 (37.6)
	29 (42.0)

	 Muscoy
	20 (17.1)
	9 (13.0)

	 San Bernardino
	7 (6.0)
	3 (4.3)

	Need variables

	 Chronic Illness

	  Hypertension
	82 (70.1)
	50 (72.5)

	  Diabetes
	117 (100.0)
	69 (100.0)

	Other Medical Conditions

	 Obesity
	32 (27.4)
	21 (30.4)

	 Depression
	1 (0.9)
	1 (1.4)

	Charlson Comorbidity Index Score

	 0
	9 (7.7)
	2 (2.9)

	 1
	30 (25.6)
	18 (26.1)

	 2
	37 (31.6)
	23 (33.3)

	 3
	30 (25.6)
	20 (29.0)

	 4 + 
	11 (9.4)
	6 (8.7)


aDiabetes Yes = Had a written diagnosis of diabetes in the chart, recorded hemoglobin A1c > 6.5, or was taking diabetes medication (i.e., metformin, glipizide)
bDiabetes Uncontrolled = hemoglobin A1c > 6.5 at the start of the study
*Row Percent



Among those with diabetes, 59% had uncontrolled diabetes (n = 69) as measured by hemoglobin A1c > 6.5%. The majority of mobile clinic patients with uncontrolled diabetes were female (n = 47, 68%), Hispanic (n = 57, 83%), and uninsured (n = 41, 60%) with comorbid hypertension (n = 50, 73%) and obesity (n = 21, 30%).

Characteristics of patients with hypertension and uncontrolled hypertension
Table 3 presents baseline characteristics of the patients at the mobile medical clinic with a diagnosis of hypertension and uncontrolled hypertension. Of the 411 patients in the study, 44% (n = 181) had a diagnosis of hypertension, of these, 49% (n = 89) had uncontrolled hypertension (systolic blood pressure > 140 and/or diastolic blood pressure > 90).
Table 3Baseline characteristics of patients with hypertension and uncontrolled hypertension receiving care at mobile medical clinics in Southern California between January 1, 2018, and December 31, 2019


	Variables
	Hypertension
Yesa
	Uncontrolledb systolic
 > 140 or diastolic ≥ 90 mmHg

	TOTAL SAMPLE*
	181(44.0)
	89 (49.2)

	Predisposing variables

	 Gender/Sex

	  Female
	125 (69.1)
	61 (68.5)

	  Male
	56 (30.9)
	28 (31.5)

	Race/Ethnicity

	 Hispanic
	148 (81.8)
	74 (83.1)

	 African American
	10 (5.5)
	7 (7.9)

	 White
	7 (3.9)
	1 (1.1)

	 Unspecified
	16 (8.8)
	7 (7.9)

	Age

	 Mean (SD)
	57.36 (9.9)
	56.48 (9.1)

	Marital Status

	 Married
	102 (56.4)
	53 (59.6)

	 Single
	53 (29.3)
	24 (27.0)

	 Unknown
	26 (14.4)
	12 (13.5)

	Enabling variables

	 Insurance Status

	  Uninsured
	91 (50.3)
	53 (59.6)

	  Unknown
	78 (43.1)
	32 (36.0)

	  Insured
	12 (6.6)
	4 (4.5)

	Housing Status

	 Housed
	179 (98.9)
	89 (100.0)

	 Homeless
	2 (1.1)
	0 (0.0)

	Clinic Location

	 Ontario
	63 (34.8)
	30 (33.7)

	 Fontana
	62 (34.3)
	29 (32.6)

	 Muscoy
	42 (23.2)
	23 (25.8)

	 San Bernardino
	14 (7.7)
	7 (7.9)

	Need variables

	 Chronic Illness

	  Hypertension
	181 (100.0)
	89 (100.0)

	  Diabetes
	82 (45.3)
	42 (47.2)

	Other Medical Conditions

	 Obesity
	50 (27.6)
	22 (24.7)

	 Depression
	4 (2.2)
	2 (2.2)

	Charlson Comorbidity Index Score

	 0
	33 (18.2)
	18 (20.2)

	 1
	46 (25.4)
	24 (27.0)

	 2
	57 (31.5)
	29 (32.6)

	 3
	35 (19.3)
	15 (16.9)

	 4 + 
	10 (5.5)
	3 (3.4)


aHypertension Yes = Had a written diagnosis of Hypertension in the chart, Systolic > 140 and/or Diastolic > 90
bHypertension Uncontrolled = record of blood pressure > 140/90 start of study
*Row Percent



Among mobile clinic patients with hypertension, 69% were female (n = 125), 82% Hispanic (n = 148), 56% married (n = 102), 50% uninsured (n = 91) and 99% housed (n = 179) with a mean age of 57.3 (SD = 9.9). Nearly half of these individuals (n = 89, 49%) had uncontrolled hypertension (Systolic > 140/Diastolic > 90). Of those with uncontrolled hypertension, the majority were female (n = 61, 68%), Hispanic (n = 74, 83%), and uninsured (n = 53, 60%) with 47% having comorbid diabetes (n = 42), 25% obesity (n = 22), and 2% depression (n = 2).

Rates of mobile medical clinic visits
Table 4 presents the univariate and the multivariate relationships between rates of mobile medical clinic visits and patient characteristics and chronic illness.
Table 4Zero truncated negative binomial regression: rates of mobile medical clinic visits per year by chronic illness in a sample of mobile medical clinic patients between January 1, 2018—December 31, 2019 (N = 411)


	Variable
	Unadjusted model IRR (95% CI)
	Adjusted model: IRR (95% CI)

	All

	Predisposing variables

	 Gender/Sex

	  Female
	1.04 (0.84–1.28)
	1.02 (.09–1.20)

	  Male
	Referent
	Referent

	Race/Ethnicity

	 Hispanic
	2.09 (1.34–3.26) ****
	1.68 (1.14–2.48) ***

	 African American
	1.02 (0.54–1.93)
	1.07 (0.62–1.87)

	 White
	Referent
	Referent

	 Unspecified
	1.35 (0.80–2.28)
	1.38 (0.87–2.21)

	Age

	 25–35
	Referent
	Referent

	 36 -45
	2.37 (1.34–4.19) ***
	1.42 (0.87–2.33)

	 46–55
	2.99 (1.71–5.22) ****
	1.32 (0.80–2.19)

	 56–65
	3.80 (2.17–6.65) ****
	1.12 (0.64–1.96)

	 66 + 
	3.36 (1.87–6.05) ****
	0.98 (0.54–1.79)

	Marital Status

	 Single
	0.63(0.51–0.78) ****
	0.74(0.62–0.89) ****

	 Married
	Referent
	Referent

	 Unknown
	0.77 (0.60- 0.99) **
	0.95 (0.77–1.17)

	Enabling variables

	 Insurance Status

	  Uninsured
	2.10 (1.37–3.24) ****
	1.40 (0.96–2.06)

	  Other
	Referent
	Referent

	  Unknown
	1.09 (0.71–1.67)
	0.94 (.64–1.38)

	Need variables

	 Chronic Illness

	  Hypertension
	2.31 (1.93–2.76) ****
	1.61 (1.36–1.92) ****

	  Diabetes
	1.89 (1.56–2.29) ****
	1.22 (1.02–1.45) *

	Other Medical Conditions

	 Obesity
	1.52 (1.22–1.90) ****
	1.27 (1.07–1.51) ****

	 Depression
	1.32 (2.34–2.59)
	–

	Charlson Comorbidity index Score

	 0
	Referent
	Referent

	 1
	1.91 (1.49–2.45) ****
	1.55 (1.22–1.98) ****

	 2
	2.21 (1.72–2.85) ****
	1.74 (1.26–2.40) ****

	 3
	2.46 (1.85–3.27) ****
	1.88 (1.27–2.77) ***

	 4 + 
	1.69 (1.13–2.54) **
	1.54 (0.95–2.50)


Abbreviations: IRR Incident Rate Ratio, CI Confidence Interval
Significance levels: *p < .05, **p < .01, ***p < .001, ****p < .0001
dThe adjusted model included all variables except for depression because the cell number was below 5



In the unadjusted model, race/ethnicity was significantly associated with the frequency of mobile clinic utilization, with Hispanics having almost 2 times the rate of visits as Whites (IRR = 2.09, 95% CI, 1.34–3.26). Age was also significant, showing higher rates of visits among ages 36–66 + . Those who were single had significantly higher rates of visits compared to those who were married (IRR = 0.63, 95% CI, 0.51–0.78).
In the adjusted model, race/ethnicity remained significantly associated with the rate of mobile clinic utilization, with Hispanics having almost 2 times the rate of visits than Whites (IRR = 1.68, 95% CI, 1.14–2.48). Those who were single had significantly higher rates of visits compared to those who were married (IRR = 0.74, 95% CI, 0.62–0.89). Age, insurance status, and a CCI score of 4 were no longer significant after adjusting for sociodemographic and health characteristics.
Chronic illness need variables were all significant factors in mobile clinic utilization. Patients with hypertension had 1.61 times the rate of mobile clinic visits than those without hypertension (IRR = 1.61, 95% CI, 1.36–1.92). Mobile clinic patients with diabetes had 1.22 times the rate of a mobile medical clinic visits than those without diabetes (IRR = 1.22, 95% CI, 1.02–1.45). Those with obesity had 1.27 times the rate of visits than those without obesity (IRR = 1.27, 95% CI, 1.07–1.51). In addition, individuals with a CCI score of 1, 2, and 3 had 1.55, 1.74, and 1.88 times the rate of mobile clinic visits than those with a CCI score of 0 (IRR = 1.55, 95% CI, 1.22–1.98), (IRR = 1.74, 95% CI,1.26–2.40), (IRR = 1.88, 95% CI, 1.27–2.77), respectively.


Discussion
To our knowledge, this is the first mobile medical clinic study of the western region of the US and the first to use the Andersen Behavioral Model to describe mobile medical clinic patient characteristics and factors associated with mobile clinic utilization in this region. This retrospective cohort study described the predisposing, enabling, and need factors associated with mobile medical clinic use among mobile medical clinic patients in Southern California. It further examined the relationship between mobile clinic utilization and presence and control of diabetes and hypertension. We hypothesized that patients with chronic illness (diabetes and hypertension) will have a higher rates of mobile clinic visits compared to those without chronic illness, controlling for sociodemographic and health characteristics. Study findings revealed that patients with both hypertension and diabetes had higher rates of mobile clinic visits than those without those chronic conditions.
Applying a theoretical model of health services utilization, like the Anderson Behavioral Model, to underserved mobile clinic populations, can help elucidate some of the unique challenges faced in obtaining the services required to maintain and improve health status [12]. For example, this study demonstrated that mobile clinics intervene in particular demographics: married Hispanic females, between the ages of 46–57, living with some level of chronic illness burden (e.g., CCI score of 1–4), and insurance status as either not reported or uninsured. These findings are consistent with other national studies, [10, 17, 31] with the main exception of race/ethnicity. This study had a much higher proportion of mobile clinic patients who were Hispanic (78%) compared to other studies that ranged from 19%—35% [10, 31, 32]. This is reflective of the western region of the US and the areas’ overall demographic, potentially offering unique insights into possible access to care challenges for this population [33].
In terms of mobile clinic utilization, the patients in this cohort had fairly similar mean visits per year compared to other studies [34] (4.4–7.0 vs 2.5–6.9, respectively). Consistent with the literature and the Andersen Behavioral Model, this study demonstrated that rates of mobile clinic utilization depended mainly on predisposing factors such as ethnicity and need factors such as chronic illness status [35]. Surprisingly, enabling factors (i.e., insurance status) were not associated with mobile medical clinic use.
Notably, individuals who were Hispanic visited the Southern California mobile clinics at almost 2 times the rate of Whites. Such a finding highlights the importance for geographic variability in clinical delivery and research studies [36]. Ultimately, chronic illness diagnosis and burden (CCI score 1–4) had the greatest influence on frequency of mobile clinic visits. Such need characteristics are most proximal to service use and prompt the importance for medical care [13, 19]. Compared to other studies [17, 32], this mobile clinic population had much higher prevalence rates of hypertension (44%) and diabetes (29%), as well as significant uncontrolled disease. Moreover, this study further found that those with hypertension and diabetes had higher mobile clinic visit rates than those without such chronic illnesses. Mobile clinics provide a unique opportunity to deliver care to underserved individuals with chronic illness by addressing social determinants of health; delivering timely high-quality health care services; reducing travel distance; and eliminating transportation issues and scheduling challenges for historically marginalized individuals and communities [33].
Limitations
This study has some important limitations to consider. First, this study was a secondary analysis of retrospective clinical chart data that was not originally collected for the purposes of research. As a result, some demographic and clinical visit data were not consistently recorded by clinic personnel. For example, some demographic information was either not reported or recorded as unknown. For example, transportation, an important social determinant of health, was not provided on the chart information [1]. In addition, there was limited chart information on education and income – two enabling variables known to influence mobile clinic utilization [2, 10, 32].
Second, the clinic was staffed by volunteer providers which introduced a potential discrepancy in standard of care and systematic data collection. For example, a hemoglobin A1c may be ordered by a physician after an exam every 3 months, while another may request a hemoglobin A1c every 6 months, thus there were varying dates and frequency of hemoglobin A1c readings and BP readings, and some patients had more readings than others. Consequently, when assessing associations between variables and the number of visits per year, some individuals received fewer follow ups than others. We adjusted for this by using the standard offset adjustment in the zero truncated negative binomial regression analysis.
Finally, this study was also limited in its access to medical records from traditional settings including the local Health Information Exchange. This data would provide insight on whether patients seek care only at the mobile medical clinic or if they were seeking care elsewhere. Literature shows mobile clinic users may use various sources in seeking medical care. (Gibson et al., 2014). Nevertheless, we believe that this study is valuable in its current presentation of characteristics, frequency of visits, and associations between mobile medical clinic visit rates despite the potential of other health care use options.

Implications for practice, policy, and research
From a practice standpoint, the results of this study can guide considerations of sociodemographic characteristics in practice at mobile medical clinics (e.g., age, gender, ethnicity). Knowledge of gendered demographics in visiting mobile clinics creates opportunities for gender-focused interventions. For example, by knowing that more women than men visit this clinic, the clinic could use these findings to develop new programs for women’s health screenings and education.
Given the higher visit rates among patients with chronic illness, specialty services should be considered for these patients including endocrinology, cardiology, and podiatry. With nearly half of the mobile clinic population having chronic illness, specialists could help stave off the progression of disease and improve care outcomes using their specialized approach to care. Telehealth could be used on the clinic for these specialty services, minimizing cost to the specialist, while providing a much-needed service to the underserved individuals.
With the high prevalence of hypertension, diabetes, and obesity, emphasizing lifestyle modification interventions, such as diet recommendations, stress management, and exercise, is essential to improve healthcare outcomes effectively. These non-pharmaceutical interventions would be in combination with pharmaceutical interventions. In addition, this data could be used for developing grants to support new programs that target a specific population in need.
From a policy standpoint, access to care is essential for disease prevention and promotion of good health. Policy makers can leverage the knowledge gained from this study to promote the utilization of mobile medical clinics as a consistent source of care for underserved groups. Further, policy makers can advocate for government agencies serving the disenfranchised and minority groups that lack healthcare access due to transportation, lack of funds, or lack of insurance.
From a research perspective, additional work is needed to improve our understanding of other factors, such as education level and income that may influence use of mobile medical clinics. In the future, prospective studies would be useful to ensure that data is standardized and collected at specific time-points for measurement over time. Standards of care should be followed, such that each patient has a set of biomedical readings during the same time frame and with the same time interval.
Overall, this study expands our understanding of the characteristics of individuals who receive care aboard mobile medical clinics, particularly in the Western region of the U.S. In particular, our study contributes data on adults with insurance and chronic illness who visit mobile clinics. Care should be taken to locate mobile clinics close to the community most in need, as bridging gaps in health delivery offers to improve chronic illness, decrease emergency room utilization, and increase regular source of care [33]. Future studies are needed to examine how mobile clinics can be integrated with health systems to decrease readmissions of patients with chronic illnesses such as diabetes, hypertension, chronic heart failure, and chronic kidney disease. Mobile medical clinics could be a downstream solution for these patients who are often readmitted due to an unmet need for care located close to home and provided by trusted sources [33]. 


Conclusions
In the present study, individuals’ characteristics and use of mobile medical clinics in Southern California differed as a function of the presence and control of chronic illness. In describing the factors associated with mobile medical clinic use, the present study demonstrated associations between clinic utilization and presence and control of chronic illness. This study contributes to a growing body of evidence that mobile clinics serve as an important system of health care delivery, especially to underserved populations, those who are both insured and uninsured, and those with uncontrolled chronic illness. Regardless of insurance status, access to mobile medical clinics in the areas were people, work, live, pray, and play is essential to increasing their use of services.
The deployment of mobile medical clinics in communities of underserved individuals is a step toward improving healthcare access including high quality, cost-effective care for patients. Understanding factors associated with mobile medical clinic utilization informs providers, policy makers, health care leaders, and government health care representatives with evidence on alternative ways to bridge the gap in health inequities, recognize the value of mobile medical clinics, and invest in mobile medical clinics, thereby addressing social determinants of health and improving chronic illness health outcomes for all who utilize them. Given the present study’s findings, public health, health systems, universities, and private organizations can leverage the descriptive characteristics of patients who visit clinics to guide policy in support of these clinic modalities, guide practice interventions specific to gender and chronic illness needs, guide research for improving health delivery models, and promote philanthropic and grant funding for these community-focused services.

Authors’ contributions
A.C. (primary/first author- wrote the main manuscript text, prepared tables): conceptualization (lead); writing—original draft (lead); formal analysis (lead); writing—review and editing (lead). S-J.L. (reviewer): writing—review and editing (supporting). J.K.J. (reviewer): writing—review (supporting). S.W. (reviewer): writing—review (supporting). T.H. (supporting): data analysis, review methods (supporting). C.S. (senior advisor/author): supervision—reviewing and editing (supporting); writing—review and editing (equal).

Funding
Dr. Stephens received funding from the National Institute on Aging Paul B. Beeson Emerging Leaders Career Development Award (K76AG054862).

Availability of data and materials
The data that support the findings of this study are available on request from the corresponding author. The data are not publicly available due to privacy or ethical restrictions.

Declarations
Ethics approval and consent to participate
No ethics approval or consent to participate was required. The IRB at University of California, San Francisco (UCSF), approved the waiver of informed consent.

Consent for publication
This paper does not contain any individual person’s data.

Competing interests
The authors declare no competing interests.


References
	1.
Hill CF, Powers BW, Jain AH, Bennet J, Vavasis A, Oriol NE. Mobile health clinics in the era of reform. AJMC. 2014;20(20).https://​www.​ajmc.​com/​view/​mobile-health-clinics-in-the-era-of-reform

	2.
Gibson BA, Ghosh D, Morano JP, Altice FL. Accessibility and utilization patterns of a mobile medical clinic among vulnerable populations. Health Place. 2014;28:153–66.CrossrefPubMedPubMedCentral

	3.
Yu SWY, Hill C, Ricks ML, Benner J, Oriol NE. The scope and impact of mobile health clinics in the United States: a literature review. Int J Equity Health. 2017;16(178):1–12. https://​doi.​org/​10.​1186/​s12939-017-0671-2.Crossref

	4.
Khanna AB, Narula SA. Mobile health units: mobilizing healthcare to reach unreachable. Int J Healthcare Manag. 2016;9(1):58–66. https://​doi.​org/​10.​1080/​20479700.​2015.​1101915.Crossref

	5.
Abdel-Aleem H, El-Gibaly O, EL-Gazzar A, Al-Attar G. Mobile clinics for women's and children's health (Review). Cochrane Library. 2016;8(8):1–55. doi:https://​doi.​org/​10.​1002/​14651858.​CD009677.​pub2

	6.
Aung K-K, Hill C, Bennet J, Song Z, Oriol NE. The emerging business models and value proposition of mobile health clinics. Am J Accountable Care. 2015;3(4):1–9. https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC5837864/​

	7.
Bollinger ME, Morphew T, Mullins CD. The breathmobile program: A good investment for underserved children with asthma. Ann Allergy Asthma Immunol. 2010;105(4):271–84. https://​doi.​org/​10.​1016/​j.​anai.​2010.​07.​012.Crossref

	8.
Morphew T, Scott L, Galant SP, Wong W, Garcia Lloret MI, Jones F, Bollinger ME, Jones CA. Mobile health care operations and return on investment in predominantly underserved children with asthma: the breathmobile program. Population Health Management. 2013;16(4). https://​doi.​org/​10.​1089/​pop.​2012.​0060

	9.
Oriol NE, Cote PJ, Vavasis AP, Bennet J, DeLorenzo D, Blanc P, Kohane I. Calculating the return on investment of mobile healthcare. BMC Med. 2009. https://​doi.​org/​10.​1186/​1741-7015-7-27.CrossrefPubMedPubMedCentral

	10.
Song Z, Hill C, Bennet J, Vavasis A, Oriol NE. Mobile clinic in Massachusetts associated with cost savings from lowering blood pressure and emergency department use. Health Aff (Millwood). 2013;32(1):36–44. https://​doi.​org/​10.​1377/​hlthaff.​2011.​1392.

	11.
Office of Statewide Health Planning and Development. Primary care clinic annual utilization data. Office of Statewide Health Planning and Development; October 2018. Accessed March 23, 2019. https://​data.​chhs.​a.​gov/​database/​445db6df-3987-4145-af34-0d7cc3c0e5eb/​resource/​13c1903b-aea-7-4eb4-9409-e5fdc4b3b1ef

	12.
Gelberg L, Andersen R, Leake R. The behavioral model for vulnerable populations: application to medical care use and outcomes for homeless people. Health Serv Res. 2000;34(6):1273–302.PubMedPubMedCentral

	13.
Andersen R. Revisiting the behavioral model and access to medical care: does it matter? J Health Soc Behav. 1995;36(1):1–10. https://​doi.​org/​10.​2307/​2137284.CrossrefPubMed

	14.
Andersen R, Newman JF. Societal and individual determinants of medical care utilization in the United States. The Milbank Quarterly. 1973;83. https://​doi.​org/​10.​1111/​j.​1468-0009.​2005.​00428.​x.

	15.
Andersen RM. National health surveys and the behavioral model of health services use. Annals HSR. 2008;46:647–53. https://​doi.​org/​10.​1097/​MLR.​0b013e31817a835d​.Crossref

	16.
Well of Healing Mobile Medical Clinic. Accessed December 31, 2017. http://​wellofhealing.​org

	17.
Toulouse C, Kodadek M. Continuous access to medication and health outcomes in uninsured adults with type 2 diabetes. J Am Assoc Nurse Pract. 2015;28:327–34. https://​doi.​org/​10.​1002/​2327-6924.​12326.CrossrefPubMed

	18.
San Bernardino County Department of Public Health. Strategic-plan-2015–2020-revised_final [PDF]. San Bernardino County Department of Public Health; 2018. https://​wp.​sbcounty.​gov/​dph/​wp-content/​uploads/​sites/​7/​2017/​07/​Strategic-Plan-2015-2020-Revised_​Final.​pdf

	19.
Aday LA, Andersen R. A framework for the study of access to medical care. Health Serv Res. 1974;9(3):208–20. PMID: 4436074; PMCID: PMC1071804.

	20.
Zhang Y, Chen Y, Ma L. Depression and cardiovascular disease in elderly: current understanding. J Clin Neurosci. 2018;47:1–5. https://​doi.​org/​10.​1016/​j.​jocn.​2017.​09.​022.CrossrefPubMed

	21.
Annual Report. Public health impact: obesity. United Health Foundation; 2019. https://​www.​americashealthra​nkings.​org/​explore/​annual/​measure/​Obesity/​state/​CA?​edition-year=​2019

	22.
Charlson ME, Charlson RE, Peterson JC, Marinopoulos SS, Briggs WM, Hollenberg JP. The Charlson comorbidity index is adapted to predict costs of chronic disease in primary care patients. J Clin Epidemiol. 2008;61:372–83. https://​doi.​org/​10.​1016/​j.​jclinepi.​2008.​01.​006.Crossref

	23.
Charlson, M. (2020). Charlson Comorbidity Index (CCI). Retrieved from https://​www.​mdcalc.​com/​charlson-comorbidity-index-cci

	24.
Zavascki A, Fuchs S. The need for reappraisal of aids score weight of charlson comorbidity index. J Clin Epidemiol. 2007;60(9):867–8. https://​doi.​org/​10.​1016/​j.​jclinepi.​2006.​11.​004.CrossrefPubMed

	25.
Centers for disease control and prevention. What is diabetes? Centers for disease control and prevention; 2020. https://​www.​cdc.​gov/​diabetes/​basics/​diabetes.​html

	26.
U.S. Department of Health and Human Services. National Institute of Diabetes and Digestive and Kidney Disease. Government Printing Office; 2018. https://​www.​niddk.​nih.​gov/​health-information/​diagnostic-tests/​a1c-test#:​~:​text=​An%20​A1C%20​test%20​is%20​a,carries%20​oxygen%20​to%20​the%20​cells

	27.
Hernandez-Vila E. A review of the jnc 8 blood pressure guideline. Tex Heart Inst J. 2015;42(3):226–8. https://​doi.​org/​10.​14503/​thij-15-5067.CrossrefPubMedPubMedCentral

	28.
Coles, S., MD, FAAFP, Fisher, L., MD, FAAFP, Lin, K. W., MD, FAAFP, Lyon, C., DO, FAAFP, Vosooney, A. A., MD, & Bird, M. D., PhD, MSAM. (2022). Blood Pressure Targets in Adults With Hypertension: A Clinical Practice Guideline From the AAFP [Practice Guideline]. American Academy of Family Physicians. website at www.​aafp.​org/​afp

	29.
R Core Team. R: The r project for statistical computing. R Foundation for Statistical Computing, Vienna, Austria; 2021. https://​www.​R-project.​org/​

	30.
Yee TW. The vgam package for negative binomial regression. Aust N Z J Stat. 2020;62(1):116–31.Crossref

	31.
Malone NC, Williams MM, Smith Fawzi MC, Bennet J, Hill C, Katz JN, Oriol NE. Mobile health clinics in the United States. Int J Equity Health. 2020;19(40):1–9. https://​doi.​org/​10.​1186/​s12939-020-1135-7.Crossref

	32.
Gibson B, Morano J, Walton M, Marcus R, Zelenev A, Bruce R, Altice FL. Innovative program delivery and determinants of frequent visitation to mobile medical clinic in an urban setting. J Health Care Poor Underserved. 2017;28:643–62.CrossrefPubMed

	33.
Tulimiero M, Garcia M, Rodriguez M, Cheney AM. Overcoming barriers to health care access in rural latino communities: an innovative model in the eastern Coachella valley. J Rural Health. 2020;37(3):635–44. https://​doi.​org/​10.​1111/​jrh.​12483. (from Retrieved November 18, 2021).CrossrefPubMed

	34.
Starfield B. Comorbidity and the use of primary care and specialist care in the elderly. Annals Fam Medic. 2005;3(3):215–22. https://​doi.​org/​10.​1370/​afm.​307.Crossref

	35.
Barrio-Cortes J, Soria-Ruiz-Ogarrio M, Martínez-Cuevas M, et al. Use of primary and hospital care health services by chronic patients according to risk level by adjusted morbidity groups. BMC Health Serv Res. 2021;21(1):1–13. https://​doi.​org/​10.​1186/​s12913-021-07020-z.Crossref

	36.
Coaston A, Lee SJ, Johnson J, Hardy-Peterson M, Weiss S, Stephens C. Mobile medical clinics in the United States post-affordable care act: an integrative review. Popul Health Manag. 2022;25(2):264–79. https://​doi.​org/​10.​1089/​pop.​2021.​0289.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Factors associated with mobile medical clinic use: a retrospective cohort study


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





