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Abstract

Background: Early detection and treatment of chronic kidney disease (CKD) and its risk factors improves outcomes;
however, many high-risk individuals lack access to healthcare. The National Kidney Foundation of Illinois (NKFI)
developed the KidneyMobile (KM) to conduct community-based screenings, provide disease education, and
facilitate follow-up appointments for diabetes, hypertension, and CKD.

Methods: Cross-sectional design. Adults > = 18 years of age participated in NKFI KM screenings across Illinois
between 2005 and 2011. Sociodemographic and medical history were self-reported using structured interviews;
laboratory data and blood pressure were assessed using standard procedures.

Results: Among 20,770 participants, mean age was 53.5 years, 68% were female, 49% were African-American or
Hispanic, 21% primarily spoke Spanish, and at least 27% lacked health insurance. Seventy-eight percent of participants
with elevated blood pressure (≥ 140/90 mmHg) were aware of having hypertension, 93% of participants with abnormal
blood glucose (fasting glucose > 126 mg/dl or a random glucose of > 200 mg/dL) were aware of having diabetes, and
19% of participants with albuminuria (> 30 mg/gm) were aware of having CKD. In participants reporting hypertension,
47% had blood pressure ≥ 140/90 mmHg, and in those reporting diabetes, 56% had blood glucose ≥ 130 mg/dl (fasting)
or ≥ 180 mg/dl (random). Among 4937 participants with abnormal screening findings that participated in follow-up
interviews, 69% reported having further medical evaluation.

Conclusions: A high-risk disadvantaged population is being reached by the NKFI KidneyMobile and connected with
healthcare services. A significant proportion of participants were newly informed of having abnormal results suggestive
of diabetes, hypertension, and/or CKD or that their diabetes and hypertension were inadequately controlled.
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Background
Chronic kidney disease (CKD) is a common and costly
disease affecting approximately 14% of the adult popula-
tion in the United States and accounting for approxi-
mately 20% of Medicare Part A and B costs [1]. Despite
the significant utilization of healthcare services among

this patient population, CKD continues to be strongly
associated with poorer patient outcomes including an in-
creased risk of death, cardiovascular events, end-stage
kidney disease (ESKD), and hospitalizations [1, 2].
Large screening initiatives such as the National Health

and Nutrition Examination Survey (NHANES) and the
Kidney Early Evaluation Program (KEEP) have found that
most adults afflicted with CKD are unaware of their diag-
nosis [3–5]. Furthermore, awareness of comorbid condi-
tions that increase risk of CKD, such as diabetes and
hypertension, is also suboptimal. The under-recognition
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and delayed treatment of CKD and its associated health
problems hastens disease progression and contributes to
the growth of the ESKD population [3, 5–10]. Studies also
show that low socio-economic subgroups, African
Americans, and Hispanics have lower disease awareness
and carry a higher burden of ESKD compared to the gen-
eral population [11–13]. These vulnerable populations
may have barriers to accessing healthcare resulting in later
diagnoses of medical conditions [11–14]. Improving
awareness of CKD and its comorbid conditions allows pa-
tients to seek the appropriate medical management, ob-
tain fundamental disease knowledge, and participate in
disease management.
Mobile screening initiatives have been successful in

identifying individuals who may not otherwise seek
medical care and facilitating the early diagnosis of silent
diseases (e.g., CKD, hypertension, diabetes, and breast
cancer) [15–19]. While findings from broad screening
initiatives for hypertension, diabetes, and kidney disease
are well-known, community-based mobile screening pro-
grams targeting under-insured individuals without access
to primary care providers have not been well character-
ized. In addition to facilitating early diagnoses, these initia-
tives often provide individuals with health education and
primary care follow up. Community-based screening ini-
tiatives also help educate public health officials and health
providers about the burden of disease within specific com-
munities and may inform the development and imple-
mentation of targeted interventions.
The National Kidney Foundation of Illinois (NKFI) de-

veloped a KidneyMobile (KM) as a mobile screening ve-
hicle in 2005 to enhance the detection of hypertension,
diabetes, and kidney disease in high-risk and vulnerable
communities across Illinois. Working with community
partners, the NKFI KM has conducted almost 41,000
screenings for diabetes, hypertension, and kidney disease
in underserved areas between the years of 2005–2014.
The KM also provides interactive educational activities
and facilitates healthcare provider follow up for partici-
pants with abnormal screening results who lack access
to healthcare services. To characterize the population
reached by screenings and to evaluate the impact of this
program, we examined data collected from 20,770 par-
ticipating individuals between the years of 2005–2011.

Methods
Study sample and design
We conducted a cross-sectional analysis of data from
NKFI KM participants throughout Illinois between 2005
and 2011. A total of 23,166 adult participants over the
age of 18 were voluntarily screened. The NKFI KM was
developed to conduct free screenings, provide disease
education (diabetes, hypertension, CKD), and facilitate
healthcare appointments for participants. The NKFI

partnered with federally qualified health centers, health
departments, and community hospitals in underserved
areas to ensure that we targeted a high-risk population,
characterized by substantial proportions of underinsured
as well as uninsured adults without ready access to
health care. Examples of such high-risk groups in our
screenings included urban communities with significant
percentages of African American and Hispanic adults
subject to health disparities and rural communities with
geographic barriers to health care services. Additionally,
screening sites were selected based on their ability to
provide resources for the screening day (e.g., volunteers,
space, equipment) and post-screening follow up care.
A screening visit consisted of three stages and was led

by a nurse who was assisted by trained healthcare volun-
teers. First, sociodemographic information, medical
history, vital signs, anthropometric measures, and labora-
tory tests were obtained from participants. Second, educa-
tional information related to healthy living, hypertension,
diabetes, and CKD was provided to participants. Third,
participants with abnormal screening results met individu-
ally with a healthcare provider for further consultation.
Those participants who had health insurance were di-
rected back to their primary care provider, while those
participants without health insurance were provided with
a healthcare referral for a follow up appointment at a
federally qualified health center or community hospital.
Finally, attempts were made to reach participants with
abnormal screening tests, by telephone for follow up to
ensure that they had visited a healthcare provider follow-
ing screening.
IRB approval from the University of Illinois at Chicago

was obtained for analysis of these screening data, which
had originally been obtained for non-research purposes.

Variables and data sources
Sociodemographic characteristics were self-reported by
participants on a 19-item questionnaire at the initial
screening visit. These characteristics included age, sex,
race/ethnicity (white, African-American, Hispanic,
Asian/Pacific Islander, other), primary language (English,
Spanish, other), presence of health insurance and pri-
mary provider, and personal or family history of hyper-
tension, diabetes, kidney disease. Height, weight, and
manual blood pressure were measured by a trained
nurse per standard protocols [20]. If the systolic blood
pressure was greater than 160 mmHg, the reading was
repeated. Blood glucose measurements were drawn and
analyzed via the One Touch Ultra-2 device [21]. After
collecting a clean catch midstream urine sample from all
participants, a urine dipstick and a urine microalbumin
were analyzed onsite by Clinitek device [22]. Any partici-
pant with albuminuria (defined below), personal history
of diabetes, or an abnormal serum glucose testing was
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offered a blood test to measure serum creatinine, either
on site by the Abbott I-stat Chem 8+ or by a nearby
hospital laboratory [23].

Definition of variables
We defined prevalent hypertension as participants who
self-reported a history of hypertension, or those who
had a systolic blood pressure ≥ 140 mmHg or a diastolic
pressure ≥ 90 mmHg, while recognizing that a definitive
diagnosis of hypertension cannot be made by a single
blood pressure measurement. Among those participants
with prevalent hypertension, awareness of hypertension
was defined as an affirmative to the following question-
naire item: “Have you ever been told you have high
blood pressure or hypertension?”. Among participants
who reported a history of hypertension, control of the
disease was defined as having both a systolic blood pres-
sure of < 140 mmHg and a diastolic blood pressure of
< 90 mmHg.
We defined prevalent diabetes as participants who

self-reported a history of diabetes, a fasting serum glu-
cose ≥ 126 mg/dl or a non-fasting glucose ≥ 200 mg/dl,
recognizing that a definitive diagnosis of diabetes cannot
be made by a single blood glucose measurement and re-
quires confirmatory testing [24]. Among participants
with prevalent diabetes, awareness of diabetes was
defined as an affirmative to the following questionnaire
item: “Have you ever been told that you have diabetes or
high blood sugar?”. Among those participants reporting a
history of diabetes, control of the disease was defined as a
fasting blood glucose of < 130 mg/dl or a non-fasting
blood glucose of < 180 mg/dl [24].
We defined prevalent chronic kidney disease as partic-

ipants self-reporting a history of kidney disease or those
with a urine albumin to creatinine ratio of ≥ 30 mg/gm,
recognizing that diagnosis of kidney disease cannot be
made by a single urine measurement [25]. Among those
with prevalent CKD, awareness of the condition was de-
fined as an affirmative to the following questionnaire
item: “Have you ever been told you have kidney
disease?”
A small subset of the total cohort underwent blood

testing to measure serum creatinine. Among those par-
ticipants, eGFR was calculated using the modification of
diet in renal disease (MDRD) equation [26].

Statistical analysis
All sociodemographic, clinical and laboratory data from
participants screened was organized into analytic data-
sets. Participant characteristics were summarized using
means with standard error for continuous variables and
frequency distribution with percentages for categorical
variables. Characteristics were compared across strata of
albuminuria by Chi-Squared or ANOVA testing as

appropriate. Missing values occurred under the follow-
ing circumstances: i) when a participant failed to answer
a question on a reporting form, ii) when a physical
measure was not obtained, iii) when a laboratory test
was not performed. All statistical summaries were con-
ducted using SAS, version 9.1 (Cary, NC, USA).

Results
Participant sociodemographic and clinical characteristics
Out of a total of 23,166 adults participating in Kidney-
Mobile screenings across Illinois from 2005 to 2011,
20,770 had complete data regarding age, sex, and race/
ethnicity, and were included in the final analytic cohort.
Figure 1 illustrates the geographic distribution of the
KM screening across Illinois. Nearly half of the partici-
pants (54%) were from the greater Chicago area, 44%
were from the remainder of Illinois, and 2% were not
known.
The mean age of participants was 53.5 years, approxi-

mately 68% were female, 58% were of non-White racial/
ethnic background, and 21% reported Spanish as their
primary language (Table 1). A large percentage of partic-
ipants either lacked health insurance (27%) or were un-
sure if they had active insurance (13%), and 50% did not
have or did not know if they had a primary care pro-
vider. While 39% of participants reported a history of
hypertension, 20% and only 5% of participants reported a
history of diabetes mellitus and kidney disease, respect-
ively. A family history of hypertension (54%) and diabetes
(43%) were common among participants, but a family his-
tory of kidney disease was reported by only 12%. Among
all participants, 31% were overweight (BMI 25–29.9), 29%
were obese (BMI 30–39.9), and 6% were morbidly obese
(BMI > 40). The mean systolic and diastolic blood pres-
sure among participants was 127.5 mmHg (se 0.13) and
76.6 mmHg (se 0.08), respectively. Most participants
(72%) had fasting or non-fasting blood glucose levels
within normal range.
Most participants (74%) had no evidence of albumin-

uria, whereas 20% were found to have between 30 and
300 mg/gm of albuminuria and 1.5% were found to have
> 300 mg/gm of albuminuria. Approximately 4% of
screening participants did not have a urine microalbu-
min screen. Participant characteristics differed substan-
tially across strata of albuminuria (Table 1). Mean age
was significantly higher with increasing albuminuria (p <
0.001). Participants with albuminuria (> 30 mg/gm) were
more likely to report a personal history of hypertension,
diabetes, and kidney disease compared to participants
without albuminuria (p < 0.001). Albuminuria was also
more common among participants who reported a fam-
ily history of hypertension, diabetes, and kidney disease.
Less consistent changes were observed with other socio-
demographic characteristics.

Lederer et al. BMC Nephrology          (2018) 19:295 Page 3 of 12



Mean systolic and diastolic blood pressure increased sig-
nificantly with higher albuminuria. The mean systolic blood
pressure for participants without albuminuria was
126.3 mmHg, 130.8 mmHg for those with 30-300 mg/gm
albuminuria, and 143.3 mmHg for those with > 300 mg/gm
albuminuria (p-value < 0.001). Diastolic blood pressure also
increased with higher albuminuria: 76.1 mmHg in partici-
pants without albuminuria, 77.8 mmHg among those with
30-300 mg/gm of albuminuria, and 80.4 mmHg among
those with > 300 mg/gm of albuminuria (p-value < 0.001).
Increasing albuminuria was associated with poorer

blood glucose control. Four percent of participants

without albuminuria had a fasting blood glucose of
> 126 mg/dl or a non-fasting glucose > 200, whereas
10% of participants with 30-300 mg/gm and 22% of
those with > 300 mg/gm of albuminuria had abnormal
blood glucose levels.

Estimated glomerular filtration rate among a subgroup of
patients with abnormal screening results
A total of 4014 participants with albuminuria and either
hypertension or diabetes underwent serum blood testing
and calculation of eGFR (Table 2). There was a significant
association between albuminuria and eGFR (p < 0.001).

Fig. 1 Distribution of KM screenings across Illinois
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Among participants without albuminuria, most (85%) had
an eGFR > = 60 ml/min/1.73m2, whereas 14% had an
eGFR between 30 and 59 ml/min/1.73m2 and 1% had an
eGFR < 30 ml/min/1.73m2. Twenty-six percent of partici-
pants with 30-300 mg/gm of albuminuria and 40 % of
those with > 300 mg/gm of albuminuria had an eGFR be-
tween 30 and 59 ml/min/1.73m2, and almost 20 % of par-
ticipants with > 300 mg/gm of albuminuria had an eGFR
of < 30 ml/min/1.73m2.

Prevalence, awareness, and control of diabetes,
hypertension, and kidney disease among participants
Fifty percent of participants had prevalent hyperten-
sion, as defined by self-reported history of hyperten-
sion, systolic blood pressure ≥ 140 mmHg, or a
diastolic blood pressure ≥ 90 mmHg. Of those with
hypertension, 78% were aware of a hypertension diag-
nosis prior to the screening. Among patients with a
reported history of hypertension, about half (53%)
were well-controlled with a systolic blood pressure of
< 140 mmHg and a diastolic blood pressure of
< 90 mmHg (Fig. 2).
Twenty-two percent of study participants had preva-

lent diabetes, as defined by a self-reported history of
diabetes, a fasting blood glucose > 126 mg/dl, or a
non-fasting blood glucose of > 200 mg/dl. Among those
with diabetes, 93% reported awareness of diabetes diag-
nosis prior to the screening. Only 24% of participants
who reported diabetes were well-controlled with a
fasting BS < 130 or a non-fasting BS < 180 (Fig. 2).

Twenty-seven percent of participants had prevalent
CKD, as defined by a reported history of CKD or a urine
albumin/creatinine ratio of > 30 mg/gm. Only 19% of
participants with CKD were aware of this diagnosis prior
to the screening. (Fig. 2).

Access to healthcare among participants with prevalent
hypertension, diabetes, and CKD
Compared to all participants, access to healthcare was
better among participants with hypertension and dia-
betes and similar among participants with CKD. Ap-
proximately 19% of participants with prevalent
hypertension, 21% of those with diabetes, and 29%
with CKD reported lacking health insurance, whereas
approximately 27% of all participants reported not
having health insurance. Eleven percent of partici-
pants with hypertension, 10% with diabetes, and 18%
with CKD, reported not having a primary care pro-
vider, while 19% of all participants reported not hav-
ing one (Fig. 3).

Post-screening telephone follow up
A total of 4937 participants with abnormal screening
findings (e.g., elevated blood pressure, elevated blood
glucose readings, and abnormal urine findings) were
reached by telephone for a follow up interview after
their screening. Of these participants, 3387 or 68.6% re-
ported follow up with a healthcare provider, whereas
1138 participants (23.1%) reported no follow up. Of the
participants who obtained healthcare post-screening,

Fig. 2 Prevalence, awareness, and control of hypertension, diabetes, and chronic kidney disease

Table 2 Estimated GFR among a subgroup of 4014 participants with abnormal lab results

ALL N (%) or
Mean (se)

Urine albumin/crt
< 30 N (%)

Urine albumin/crt
30–300 N (%)

Urine albumin/crt
> 300 N (%)

p-value Unknown/Not tested
N (%) or Mean (s.e.)

Total 4014 2873 982 311 70

eGFR, ml/min/1.73m2

> = 60 3203 (79.8) 2427 (84.5) 692 (70.5) 36 (40.4) < 0.001 48

30–59 723 (18.0) 414 (14.4) 252 (25.7) 36 (40.4) 21

< = 29 88 (2.2) 32 (1.1) 38 (3.9) 17 (19.1) 1
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1580 (46.6%) had repeat testing and 1317 (38.9%) re-
ported initiation of treatment for their condition.

Discussion
Among a diverse cohort of 20,770 adults across the state
of Illinois who participated in health screenings by the
NKFI KM, we found a significant prevalence of un-
detected and poorly controlled hypertension, diabetes,
and kidney disease. At KM screenings, 78% of adults
with prevalent hypertension were aware of their hyper-
tension, 93% of participants with prevalent diabetes were
aware of their diabetes, but only 19% of participants with
prevalent CKD were aware of having the condition.
Among those participants reporting hypertension, 53%
had adequate blood pressure control as defined by
≤ 140/90 mmHg, and in those reporting diabetes, 24%
had adequate control, as defined by a fasting blood
glucose ≤ 130 mg/dl or a non-fasting blood glucose
< 180 mg/dl. The NKFI KM reached an underserved
population as 27% of participants reported lacking
health insurance and 19% did not have access to a
healthcare provider. The NKFI KM assisted many under-
served participants in addressing their healthcare needs.
Among five thousand individuals with abnormal findings
who participated in a post-screening interview, almost
70% had a healthcare provider appointment and further
evaluation arranged through the NKFI.
Hypertension and diabetes comprise leading causes of

CKD, and control of these conditions is needed to pre-
vent CKD and related complications [1, 27, 28]. Studies
have shown that adults who are provided with a diagno-
sis of hypertension and diabetes have better control of
these conditions [16], which in turn reduces the inci-
dence of CKD and slower progression of established
CKD [27, 29–31]. Similarly, individuals who are made
aware of a diagnosis of kidney disease are more likely to
obtain CKD care, which may help reduce their incidence
of ESKD and CKD related complications [6, 32]. The

positive impact of disease awareness on clinical out-
comes underscores the importance of timely diagnosis of
these conditions. However, it is important to note that
there can be unintended results of screening, including
unnecessary worry by participants, barriers to securing
disability insurance for participants, and generation of
additional testing and/or treatments that may not yield
better outcomes. While large health screenings for dia-
betes, hypertension, and kidney disease such as the
KEEP study are common, there are fewer examples of
mobile health screenings such as the NKFI KM. Mobile
health screenings offer specific advantages of being able
to reach individuals without health insurance or a pri-
mary provider and who have less geographic mobility. In
addition, mobile health screenings can target certain
geographic areas overrepresented by disadvantaged and
high-risk groups [16, 33, 34]. Our mobile screening ini-
tiative allowed us to reach a more vulnerable and disad-
vantaged population (e.g., lack primary provider, lack
health insurance, racial/ethnic minority, non-English
speaking) than that represented in broader screening ini-
tiatives such as NHANES and KEEP [35]. Furthermore,
approximately 22% of KM participants were found to
have albuminuria, which is markedly higher than that
identified by KEEP (12%) or NHANES (10%) [35, 36].
We found a significant burden of undiagnosed hyper-

tension, diabetes, and kidney disease among NKFI KM
participants, consistent with findings from KEEP [37]. The
KEEP initiative screened adult patients between the ages
of 18–65 years, with either a personal or first-degree fam-
ily history of diabetes, hypertension and/or chronic kidney
disease across the United States. In contrast, the NKFI
KidneyMobile screened all adult participants over the age
of 18 irrespective of their personal or family health history
throughout the state of Illinois. Among participants with
abnormal screening results, KEEP investigators found that
35% of those with elevated blood pressure (> = 140/90),
2% with abnormal serum glucose (> = 180), 96% with

Fig. 3 Lack of health care access among participants with prevalent hypertension, diabetes, and chronic kidney disease
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albuminuria were unaware of a personal history of hyper-
tension, diabetes, and/or kidney disease, respectively [37].
Using a more inclusive screening protocol, we found that
22% of participants with elevated blood pressure (> = 140/
90), 7% of participants with elevated blood glucose (Fast-
ing ≥ 126 mg/dl, Non-Fasting ≥ 200 mg/dl), and 81% of
participants with albuminuria (> 30 mg/gm) were unaware
of a personal history of hypertension, diabetes, and kidney
disease, respectively.
It is well known that poor control of hypertension and

diabetes leads to an increased risk of cardiovascular
disease, ESKD, and death [27, 28]. However, control
of hypertension and diabetes remains suboptimal per
recent reports in representative American samples
[38, 39]. Similar to our findings, other screening stud-
ies have also found suboptimal control of hyperten-
sion and diabetes among adults who have known
disease. In KEEP, 64% of participants with known
hypertension had elevated blood pressure (> = 140/90)
and 35% of those with known diabetes had an ele-
vated serum glucose level (glucose level ≥ 180 mg/dl)
[37]. We found that 47% of participants with known
hypertension had an elevated blood pressure (> = 140/
90) and 76% of participants with known diabetes had
inadequate control of blood glucose level (fasting > =
130 mg/dl, non-fasting > = 180 mg/dl).
While screening studies have assessed the preva-

lence of undetected and uncontrolled hypertension,
diabetes, and kidney disease within high-risk commu-
nities [17, 40], few have coupled screening with dis-
ease education or examined the impact of screenings
on participants likelihood to follow-up for further
care [37, 40], All KM screenings involved interactive,
nurse-led educational sessions pertaining to the preven-
tion, detection, and management of silent chronic diseases
(e.g., CKD, hypertension, diabetes, obesity, hyperlipid-
emia). Furthermore, as part of the NKFI KM mission, all
participants were given the opportunity to obtain an
on-site consultation with a healthcare professional. Indi-
viduals with abnormal anthropomorphic parameters or la-
boratory data also received assistance with obtaining
follow up medical evaluation and treatment post-
screening. Based on post-screening phone calls by the
NKFI staff, these efforts appeared to be quite successful as
many participants reached by phone (77%) reported
having had an appointment with a healthcare provider
after the NKFI KM screening, and of those, 47%
reported having undergone repeat testing and 39%
reported initiation of medical treatment. Although the
impact of this follow-up care cannot be assessed by
our study, it clearly provides an opportunity for inter-
vening and reducing complications from these
conditions. A future large study would be helpful to
examine whether such screening and follow up

endeavors, such as the NKFI KM, affects clinical
outcomes.
While our study involved a large diverse participant

sample across the state of Illinois and employed detailed
data collection strategies with rigorously trained study
personnel, it does have limitations. First, like other
screening studies such as KEEP and NHANES, only a
single anthropomorphic and laboratory measurement for
diabetes, hypertension, and kidney disease were done
and this does not allow for a diagnosis. Repeated mea-
surements of blood pressure and laboratory tests are
generally recommended to support a new diagnosis of
hypertension, diabetes, or chronic kidney disease, which
underscores the importance of the NKFI KM’s coordin-
ation of medical follow up for participants with abnor-
mal values. Also, because HbA1C was rarely performed
at screening, we relied on capillary blood glucose levels
to assess presence and control of diabetes, and these
values may vary greatly depending on timing of meals
and anti-glycemic agent, and therefore allows for pos-
sible misclassification of diabetes prevalence and control
[24]. Second, we encountered missing sociodemo-
graphic, medical history, and laboratory data that may
bias our results. However, missing data occurred rarely
and comprised a minority of all data. Third, serum cre-
atinine values were only obtained in participants who
had urine studies positive for albumin so we may have
missed participants with non-proteinuric kidney disease
and underreported the prevalence of kidney disease in
this screening cohort. Also, given the mobile nature and
time period of the screening initiative, measurement of
serum creatinine was not calibrated or standardized in a
central laboratory to IDMS, which could introduce error
into reported eGFR values. Fourth, as with many screen-
ing initiatives, motivational bias may have resulted in in-
dividuals participating in more than one free screening
and/or attracted individual with existing health con-
cerns, which limits the generalizability of the results.

Conclusion
In summary, we found a high prevalence of hyperten-
sion, diabetes, and kidney disease among participants
without known disease as well as poor control of these
chronic conditions in participants with known disease.
Additionally, the screening and follow up procedures of
the NKFI KM appear to be connecting many adults with
undiagnosed and uncontrolled conditions to much
needed healthcare services. These results reinforce the
continued need for mobile disease screening units like
the NKFI KM to reach high-risk populations who often
lack regular access to healthcare. Additional studies are
needed to examine the impact of such mobile screening
facilities on important and well-recognized clinical out-
comes over time.
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