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he majority of employees in the United States have labora-

tory evidence of chronic disease, and 1 in 3 is likely to

have unidentified disease.! Chronic diseases, including
cardiovascular disease (CVD), diabetes, cancer, and chronic kidney
disease (CKD), present a substantial and growing economic burden
to large employers in thatannual per capita expenditures for persons
with chronic disease are 2.3-fold higher (for diabetes)? to 10-fold
higher (foradvanced CKD)? than for those without chronic disease.
Early detection of and care for chronic diseases enabled by health
screening can reduce morbidity and mortality** and avoid the
higher costs of advanced disease.? For example, all-cause costs of
a person with CKD increase dramatically as the disease advances
in stage, from $26,843 per year for stage 3 to $76,969 per year for
stages 4 and 5 and $121,948 per year for end-stage renal disease
(ESRD),* with $88,000 per year for hemodialysis.®

In addition to incurring healthcare costs, employees experiencing
poor health may experience absence, short-term disability, and lower
productivity.” Without intervention, the chronic disease burden in
the US workforce is expected to rise. Fortunately, chronic diseases
can be prevented, delayed, or alleviated. The CDC estimates that
as much as 80% of heart disease, stroke, and type 2 diabetes cases
and 40% of cancer cases could be prevented through modification
of lifestyle behaviors. Moreover, most employers (>90%) believe
that their healthcare costs could be reduced by improvements in
healthy behaviors.® Although most large employers (70%-85%) offer
basic health screenings, less than 25% provide a comprehensive
worksite population health program that includes comprehensive
health screening, access to related health improvement programs,
and an environment that supports health.’

Employer-sponsored annual health screenings offer an opportunity
to facilitate the delivery of population health; the identification
of health risk factors offers early opportunities for intervention
and connection to care. However, general wellness programs have
generated mixed evidence,'*" given the broad variation in program
designs, organizational settings, and diverse populations in which
they are implemented. Evidence-informed programs based on the
identification of prediabetes, diabetes, CKD, or colorectal cancer

ABSTRACT

OBJECTIVES: Early detection of disease enables prompt
treatment that can prevent disease progression and

costly health outcomes. We report incidence of previously
unrecognized disease and investigate the expected effect of
early detection and care on health outcomes.

STUDY DESIGN: Population health study based on
laboratory evidence.

METHODS: Laboratory evidence of prediabetes, diabetes,
chronic kidney disease, and colorectal cancer was evaluated
in an employee and spouse population (65% women; mean
[SD] age = 46 [12] years). Expected disease progression
was assessed.

RESULTS: Annual screening found laboratory evidence
for 1185 previously unrecognized cases of prediabetes,
287 cases of diabetes, 73 cases of chronic kidney disease,
and 669 positive colorectal screens per 10,000 people.

CONCLUSIONS: Early identification and appropriate
medical care may delay 34 cases of end-stage kidney disease
and prevent diabetes-related complications, 210 cases of
diabetes, and 3 cases of late-stage colorectal cancer over

5 years per 1000 cases identified.
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in their early stages may enable more targeted
and successful programs that offer early treat-
mentand care that can slow or prevent disease
development and debilitating and costly health
outcomes. Of all participants in a population
health screening with evidence of diabetes,
28% were previously unrecognized, and of
all participants with laboratory evidence of
CKD, 89% were previously unrecognized.' In

Value of Population Health Screenings

TAKEAWAY POINTS

v

Early identification and appropriate medical care may delay 34 cases of end-stage kidney

disease and prevent diabetes-related complications, 210 cases of diabetes, and 3 cases of

late-stage colorectal cancer over 5 years per 1000 cases identified.

» Avenues to detect previously unrecognized and early-stage disease may positively affect
the health trajectories of many individuals within 1 to 5 years.

» Employers may serve as a conduit to health screening to benefit the health outcomes of

employees and manage healthcare costs.

addition, colorectal cancer screening via stool
testing for hemoglobin may increase detection
of lesions due to higher acceptance of the
test method" and a participation rate 40%
higher than that of colonoscopy.” However,
the longitudinal impact of annual health
screenings on disease progression and health
outcomes is largely unknown. Thus, the purpose
of this analysis was to evaluate the projected
value of annual health screenings in 35,258

Prediabetes

employees and spouses who participated in
annual health screenings in 2017 for early
detection of prediabetes, diabetes, evidence

TABLE 1. Previously Unrecognized Cases of Prediabetes Identified by Annual Population
Health Screening?'422

Value
A1C of 5.7%-6.4%

Definition or FG of 100-125 mg/dL
Number (%) per 10,000 screened 1185 (11.9)
Number of expected diabetes events'? per 1000 with confirmed prediabetes,
untreated vs intensive lifestyle modification

Within 1 year 104 vs 47

Within 5 years 423 vs 213
Average annual cost of diabetes?? ~$10,000

of CKD, and hemoglobin in stool on disease
outcomes and progression.

METHODS

Laboratory evidence of prediabetes incidence and diabetes incidence
was assessed in 35,254 employees and spouses of a single employer
who participated in annual health screenings in 2017. Prediabetes
was defined as having a glycated hemoglobin (A1C) measurement
between 5.7% and 6.4% or a fasting glucose (FG) measurement
between 100 mg/dL and 125 mg/dL. Diabetes was defined having an
AlChigher than 6.4% or FG higher than 125 mg/dL. Newly identified
prediabetes was defined as prediabetes in 2017 without evidence of
diabetes or prediabetes in the prior year. Newly identified diabetes
was defined as diabetes in 2017 without evidence of diabetes in the
prioryear. Cases of diabetes prevented by intervention and care were
projected based on results of the Diabetes Prevention Program.™
Expected incidence of CVD and microvascular complications
(retinopathy, neuropathy, and nephropathy) were projected based
on previous reports.’>!¢

Laboratory evidence of new-onset CKD incidence was assessed in
employees and spouses who participated in annual health screen-
ings in 2017 (35,258 participants). Evidence of CKD was defined as
a single estimated glomerular filtration rate (eGFR) measurement
of less than 60 mL/min/1.73 m? without CKD in the prior year.
Confirmed evidence of CKD and progression rate to stages 4 and 5
disease and ESRD were projected based on previous research.”%

Colorectal cancer screening was offered to eligible employees
and spouses aged 50 to 75 years who participated in annual health
screenings between 2013 and 2017 (18,976 tests). A positive screening

A1C indicates glycated hemoglobin; FG, fasting glucose.

test was determined by the evidence of hemoglobin in the stool
from a fecal immunological test (FIT), InSure FIT (Clinical Genomics;
Bridgewater, New Jersey). Follow-up colonoscopy results* and stage
distribution? were based on prior research.

RESULTS

Screening for prediabetes (A1C of 5.7%-6.4% or FG of 100-125 mg/
dL) identified 1185 (11.9%) cases not recognized in the previous year
(previously unrecognized) per 10,000 individuals screened. Based
on the Diabetes Prevention Program* results, we estimate that for
every 1000 confirmed prediabetes cases, 210 diabetes cases can be
prevented over 5 years (Table 1%14324),

Annual screening of employees and spouses found that for
every 10,000 participants, 287 (2.9%) had previously unrecognized
hyperglycemia (laboratory evidence of diabetes; A1C >6.4% or
FG >125 mg/dL). Using previous reports of CVD incidence'® and
microvascular complications (retinopathy, neuropathy, and
nephropathy),” we estimated that within 1 year, for every 1000
patients with confirmed diabetes, about 105 would experience
complications (Table 2'>1%%): 10 patients would have CVD, 14 patients
would have retinopathy, 36 patients would have neuropathy, and
45 patients would have nephropathy. Within 5 years, about 489
would experience complications, including 50 patients with CVD,
68 patients with retinopathy, 168 patients with neuropathy, and
203 patients with nephropathy.

Annual screening for laboratory evidence of CKD found that for
every 10,000 participants, 146 (1.46%) had previously unrecognized
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TABLE 2. Previously Unrecognized Diabetes Cases Identified by Annual Population

Health Screening'®1%%

Diabetes

Definition

Number (%) per 10,000 screened

Value
A1C >6.4% or FG >125 mg/dL
287 (2.9)

Number of expected complications® per 1000 with confirmed diabetes

Within 1 year
Within 5 years

Average annual cost of diabetes with complications?

105
489
~$30,000

A1C indicates glycated hemoglobin; FG, fasting glucose.

aExpected cardiovascular disease was assessed from estimated 10-year risk'®; expected retinopathy,
neuropathy, and nephropathy were estimated from published transition probabilities.'

TABLE 3. Previously Unrecognized CKD Cases Identified by Annual Population

Health Screening®¢!7.20

CKD

Definition

Number (%) per 10,000 screened

Number (%) with confirmed low eGFR"’

Number of expected ESRD cases?® per 1000 with confirmed CKD

Within 1 year
Within 5 years
Average annual cost of hemodialysis for ESRD®

Average annual all-cause cost for ESRD?

Value
eGFR <60 mL/min/1.73 m?
146 (1.5)
73 (0.75)

7
34

~$88,000

$121,948

CKD indicates chronic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, end-stage

renal disease.

2Based on annual transition probabilities for those with and without diabetes, with or without protein-

uria, in the Alberta Kidney Disease Network.?

bCost of hemodialysis based on 2016 US Renal Data System annual data report.

TABLE 4. Previously Unrecognized Colorectal Cancer Cases Identified by Annual Population

Health Screening?"?

Colorectal Cancer

Definition
Number (%) per 10,000 screened
Number of expected outcomes?'
Colonoscopy
Adenoma

Colorectal cancer

Value
InSure FIT positive
669 (6.7)

525
263
14

Number of cases by stage distribution,? with screening vs without screening

|
Il
1l
1%

6vs3
4vs5
bvs 4
Ovs?2

FIT indicates fecal immunochemical test.

low eGFR (<60 mL/min/1.73 m?) (Table 3%¢172%),
Similar rates have been observed in patients
screened in primary care settings.’® Prior
research” suggests that approximately 50% of
initial low eGFR findings are confirmed as CKD
upon follow-up. Considering the progression
rate from CKD to ESRD observed in the Alberta
Kidney Disease Network,?® we predicted that
for every 1000 cases of confirmed CKD, about
7 patients would progress to ESRD within a
year and about 34 within 5 years (Table 3*©17:20),
In addition, based on previous research,®%
136 would be expected to progress to stage 4
or stage 5 (of 5 stages) over 5 years.

Annual screening for colorectal cancer
resulted in a positive screening test rate of
6.7% (Table 4%'%), For every 10,000 FIT tests
evaluated, 669 had a positive result. Assuming
that 78% of those with a positive test have a
follow-up colonoscopy? (n=525), we estimate
subsequent diagnosis of 263 adenomas (some
considered precancerous) and 14 colorectal
cancers. Assuming a similar stage distribution
to profiles observed in other FIT-based screening
studies,” we estimate that the 14 colorectal
cancers detected would be made up of 6 stage
I, 4 stage 11, and 4 stage III cases (of 4 stages).
We also assume that the screen-dependent
shift toward earlier-stage detection would
result in 3 more stage I cancers and 1 fewer
stage II cancer and 2 fewer stage IV cancers
being diagnosed than would have been the
case without screening.

DISCUSSION

Prediabetes

Early detection of prediabetes is important
because type 2 diabetes can be present for
9 to 12 years before being diagnosed and, as
a result, complications are often present at
the time of diagnosis.” Without detection
and early intervention, 4% to 19% of those
with prediabetes develop diabetes each year,
depending on the population and criteria.?®*
AI1C and FG are accepted methods for predia-
betes screening and diagnosis of diabetes.
We recently reported that elevated A1C in
working-age individuals with normal FG in
an employee wellness program was associ-
ated with 2- to 8-fold greater odds of incident
diabetes within 4 years.*
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Fortunately, lifestyle interventions are effective in reducing inci-
dence of diabetes.'** Lifestyle interventions may reduce incidence
of diabetes by up to 58% over 3 years.'*? Prior research has similarly
shown the effectiveness of employer-based health screening for
diabetes and prediabetes,* but benefits depend on many factors.
Benefits of diabetes prevention are greater when diabetes risk is
detected early.*” Thus, in addition to disease prevention, prompt
screening and intervention is associated with reduced absolute
and relative risk and all-cause mortality at 5 years compared with
a 3-year delay in diagnosis.*

Medical costs of prediabetes and undiagnosed diabetes are
approximately $510 and $4030 per year per person, respectively.
When prediabetes progresses to diabetes, people with diagnosed
diabetes, on average, have medical expenditures approximately
2.3 times higher than they would be in the absence of diabetes.*
In addition, indirect costs associated with absence, productivity,
and disability further exacerbate the costs of chronic health
conditions.”** The American Diabetes Association quantified the
estimated cost of diagnosed diabetes in the United States in 2017
as $327 billion, including $237 billion (72%) in direct medical costs
and $90 billion (28%) in reduced productivity.?

Diabetes

Poor management of diabetes can be associated with disease-related
complications such as CVD, nephropathy, retinopathy, and neuropathy,
which can lead to chronic morbidities and mortality.*?** More than
20% of diabetes in the United States is undiagnosed,® and risk of
complications is associated with diabetes duration.*® Detection and
treatment that is delayed by 3 years has been shown to translate
into 40% higher 5-year CVD risk (11.2% vs 7.9%) and 20% higher
incidence of all-cause mortality (7.2% vs 6.0%).** In addition, risk
for cardiovascular events or vascular events is 11% to 16% higher
with every 1% increase in A1C**¥ or 18 mg/dL (1 mmol/L) increase in
FG greater than 100 mg/dL.*#° Thus, detection and care may reduce
CVD and microvascular complications, including retinopathy,
neuropathy, and nephropathy. Average lifetime medical costs foran
individual with diabetes have been estimated at $85,200, of which
53% is due to treating diabetic complications.* Per-year medical
costs for a person with diabetes are approximately $16,750, and
about $9600 to $10,970 of these costs are attributed to diabetes.>?*

CKD

Progression of CKD can be slowed when it is detected in the early
stages.*** Early identification, intervention, and referral to a
nephrologist are essential to slow progression of CKD and avoid
complications of ESRD.>** Typically, a multifactorial treatment
approach is advocated to treat the causes and consequences of CKD,
slow CKD progression, and avoid ESRD.* As hypertension and type
2 diabetes are the major causes of CKD and are important treatment
targets, itis possible to attenuate disease progression and slow reduc-
tions in eGFR with proactive treatment.** Progression rates of CKD
vary with annual reductions in kidney function ranging from 2 mL/

Value of Population Health Screenings

min/1.73 m*to 12 mL/min/1.73 m? per year depending on the stage of
CKD and comorbidities, such as diabetes.* Rates of decline may be
as high as 10 mL/min/1.73 m*to 14 mL/min/1.73 m*in individuals with
diabetes who are not receiving early antihypertensive treatment.*®
Although individuals in stage 3 typically do not have symptoms,*
progression to stages 4 and 5 is associated with such complications
as hypertension, anemia, bone disease, metabolic acidosis, and
increased risk of CVD.*” Prior research***® has supported the value
of screening for and initiating intervention at stage 3a with eGFR
less than 60 mL/min/1.73 m?* to generate the most quality-adjusted
life-years.*® The decline in renal function may be slowed from an
annual eGFR decline of 12.0 mL/min/1.73 m* to a decline of 3.4 mL/
min/1.73 m? with early detection and care.** With a baseline screening
eGFR value of 58 mL/min/1.73 m?, this may represent a difference
of 9 years (12.6 years vs 3.6 years) until eGFR declines to less than
15 mL/min/1.73 m?* (ESRD) with screening and nephrology care.
CKD is an increasingly prevalent healthcare burden, affecting
approximately 13% of the US population.* From an economic
perspective, costs attributable to the disease increase by $9200
per person per year from stage 3 ($3500) to stage 4 ($12,700).%°
Individuals with CKD incur medical costs due to comorbidities that
are substantially greater in advanced stages of CKD (stages 4 and 5).?
Considering all-cause costs, progression between stage 3a ($27,000/
year) and stages 4 and 5 ($77,000/year) equates to a roughly $50,000
difference (vs $122,000 for ESRD without dialysis) in commercial
health plans, mostly due to inpatient costs.? The estimated costs of
hemodialysis (direct cost of treating CKD) for those who progress to
ESRD among patients with newly identified CKD are expected to be
greater than $300,000 in the first year and balloon to more than $7
million over 5 years based on the cost of hemodialysis treatment.®

Colorectal Cancer

Screening for colorectal cancer has been shown to reduce both
incidence and mortality.**'** Earlier-stage detection of colorectal
cancer toward localized disease, more commonly treated with
surgery, results in substantial cost savings spanning the continuum
of cancer care, from the year of diagnosis (stage I, $30,000; stage 1V,
$67,000) through continuing years (stage I, $2500; stage IV, $11,000)
to the last year of life (stage I, $54,000; stage IV, $76,000).% Generally,
adherence to colorectal cancer screening is more important
than which strategy is used, with higher rates of screening being
associated with a 25.5% reduction in annual colorectal cancer
incidence.* Despite these findings, more than one-third of eligible
adults remain nonadherent to current colorectal cancer screening
recommendations.> Noninvasive stool testing improves compli-
ance, with adherence nearly double that for colonoscopy.*® In
addition, 97% of patients refusing colonoscopy accept a noninvasive
screening test.”2 Accordingly, the US Preventive Services Task Force
recommends annual screening with a sensitive noninvasive stool
testas part of a screening strategy for colorectal cancer.”” Although
other screening modalities are considered effective,*® annual FIT
screening for colorectal cancer is deemed more effective and
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less costly compared with other options.*> Moreover, newer FIT
tests offer greater simplicity and sensitivity relative to historical
fecal occult guaiac-based blood tests while remaining relatively
inexpensive compared with other diagnostic screening modalities
at $20 to $50 per kit.*

Limitations

A few limitations to the study should be considered when inter-
preting the study findings. First, although the study reflects data
from a large workforce, the study population may not necessarily
represent the demographics of all employers. Second, because
participation in the annual health screening program was voluntary,
participation reflected about 65% of the entire pool of employees
and spouses eligible to participate and might include those more
likely to be engaged in their healthcare; however, this population
is likely to reflect other employee wellness program populations.
Third, the study is based on laboratory evidence of chronic disease
and self-reported physician diagnosis, but physician diagnoses
from health records were not available for study; thus, definite
diagnoses cannot be made. However, those identified based on
laboratory evidence and self-reported diagnoses should provide a
good indication of the fraction of participants who would benefit
from additional follow-up. Despite these limitations, knowledge of
previously unrecognized disease may enable health engagement and
more positive health outcomes for individuals in a large population.

CONCLUSIONS

Population health screening identifies early evidence of unrecognized
prediabetes, diabetes, CKD, and colorectal cancer in large popula-
tions to improve health trajectories. Early identification enables
prompt treatment that can prevent disease progression and yield
positive value on investment. This study provides quantification
of unknown health risk for conditions that are not always screened
for in employee populations® and extrapolates the health impact
and opportunity for an employee population. Provided data and
insights may facilitate the delivery of population health programs
to targeted employee segments—a strategy required to drive
results.”® Driven by data, care pathways may narrow gaps in care
and improve patient understanding, clinical outcomes, quality of
life, and productivity, which may further benefit population health.
As chronic diseases present a substantial and growing economic
burden to large employers in regard to both healthcare costs and
productivity, employer-sponsored annual health screenings may
facilitate the delivery of population health. m
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