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Objective: Estimate the economic burden associated with incremental increases in the number 

of cardiometabolic risk factors (CMRFs) in the US.  

Methods: We used the nationally representative Medical Expenditure Panel Survey from 2010 

to 2012 to create a retrospective cohort of people based on the number of CMRFs (one, two, 

and three or four), and a comparison cohort of people with zero CMRFs. CMRFs included 

abdominal obesity, elevated blood pressure, elevated triglycerides, and elevated glucose and were 

defined using diagnostic codes, prescribed medications, and survey responses. Adjusted regres-

sion analysis was developed to compare health expenditures, utilization, and lost-productivity 

differences between the cohorts. Generalized linear regression was used for health care expen-

ditures, and negative binomial regression was used for utilization and productivity, controlling 

for individual characteristics.

Results: The number of CMRFs was associated with significantly more annual utilization, 

health care expenditures, and reduced productivity. As compared with people with zero CMRFs, 

people with one, two, and three or four CMRFs had 1.15 (95% confidence interval [CI]: 1.06, 

1.24), 1.37 (95% CI: 1.25, 1.51), and 1.39 (95% CI: 1.22, 1.57) times higher expected rate of 

emergency room visits, respectively. Compared with people with zero CMRFs, people with one, 

two, and three or four CMRFs had increased incremental health care expenditures of US$417 

(95% CI: $70, $763), US$2,326 (95% CI: $1,864, $2,788), and US$4,117 (95% CI: $3,428, 

$4,807), respectively. Those with three or four CMRFs reported employment of 60%, compared 

with 80% in patients with zero CMRFs. People with three or four CMFRs had 1.75 (95% CI: 

1.42, 2.17) times higher expected rate of days missed at work due to illness, compared with 

people with zero CMRFs.

Conclusion: Our findings demonstrate a direct association between economic burden and 

number of CMRFs. Although this was expected, the increase in burden that was independent 

from the cost of cardiovascular disease was surprising. 

Keywords: economic burden, cardiometabolic risk factors, cardiovascular disease

Introduction
Cardiometabolic risk factors (CMRFs) such as elevated fasting glucose, elevated blood 

pressure, low high-density lipoprotein cholesterol, elevated fasting triglycerides, and 

abdominal obesity often coexist in the same individual. The presence of multiple 

CMRFs has been broadly termed as the “metabolic syndrome”.1 Although defini-

tions of “metabolic syndrome” from different organizations vary regarding the exact 

number of criteria and cut points for each parameter, the presence of these risk factors 

often results in increased risk of cardiovascular (CV) disease-related morbidity and 
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 mortality.2–7 CV disease still poses a significant burden in the 

US and accounted for one in three deaths and annual costs 

for treating CV disease were ~US$320.1 billion in 2011.8

Health interventions in the US have reduced the preva-

lence of elevated fasting triglycerides and elevated blood 

pressure from 1999 to 2010.8 However, prevalence of elevated 

glucose and elevated waist circumference has continued to 

rise over this same time period, particularly among children 

and adolescent populations. Age-adjusted national US 

prevalence of metabolic syndrome has decreased for women 

but prevalence remains high for men. Given the increasing 

prevalence of elevated glucose and waist circumference 

among children and adolescents, and an aging population, 

the prevalence and economic burden of CMRFs will con-

tinue to rise.

Prior to the onset of CV disease, concomitant CMRFs 

are associated with a significant increase in medical expen-

ditures and lost productivity.9–12 Several studies suggest that 

a higher number of CMRFs and specific combinations of 

CMRFs (eg, diabetes and obesity) are associated with sig-

nificant CV-related events and costs.13–16 However, there is a 

lack of evidence reporting both direct medical costs and lost 

productivity associated with incremental increases in CMRFs 

regardless of concomitant conditions. The primary objective 

of this study was to estimate the economic burden as a func-

tion of direct medical costs and lost productivity associated 

with incremental increases in the number of CMRFs using 

recently available nationally representative data from the US 

noninstitutionalized population. 

Methodology
Data source and study population
We utilized the nationally representative, publicly avail-

able panel database, the Medical Expenditure Panel Survey 

(MEPS). The MEPS tracks individual and household health-

related, demographic, and socioeconomic characteristics.17 

To provide estimates that are representative of a national US 

population, the Household Component of the MEPS (MEPS-

HC) panels have oversampled subgroups of individuals such 

as African-Americans, Hispanics, Asians, low-income house-

holds, and those likely to incur high medical expenditures. 

At the time of the analysis, the most recent available file 

was for 2012. We combined the 2010–2012 MEPS full-year 

consolidated, medical, and pharmacy utilization data files to 

generate an analytical cohort with robust sample size. The 

Colorado Multiple Institutional Review Board considers this 

research to be exempt from requiring board approval because 

MEPS is a publicly available data source. 

Population of inference
The study cohort consisted of noninstitutionalized adult US 

individuals (18 years of age and above) with at least one 

and up to four CMRFs. The study cohort was defined using 

a combination of International Classification of Diseases, 

ninth revision (ICD-9) codes, National Drug Codes, and 

survey responses. We calculated the number of CMRFs for 

each patient and stratified the population into four mutually 

exclusive and exhaustive groups: those with zero (comparison 

group), one, two, and a group with three or four CMRFs.

Measures
Definition of CMRFs
The following CMRFs were used to calculate the number 

of CMRFs: 

1. Abdominal obesity: Defined as body mass index (BMI) 

≥27 kg/m2. Previous research has suggested treatment of 

overweight individuals when other CMRFs are present 

should begin at a BMI ≥27 kg/m2.18 

2. Elevated blood pressure: Defined as having at least one 

ICD-9 code for hypertension (401.x) and at least one 

prescription for an antihypertensive agent (angiotensin-

converting enzyme inhibitor, angiotensin receptor 

blocker, beta blocker, calcium channel blocker, diuretic, 

direct renin inhibitor, alpha blocker, alpha agonist, aldo-

sterone antagonist, or direct arterial vasodilator) during 

a survey year.  

3. Elevated triglycerides: Defined as having at least one pre-

scription for a triglyceride-lowering medication (fibrate, 

niacin, or omega-3 fatty acids) during a survey year.

4. Elevated glucose: Defined as having at least one ICD-9 

code for diabetes (250.x) and at least one prescription 

for an antihyperglycemic medication (biguanide, sulfo-

nylurea, thiazolidinedione, insulin, alpha-glucosidase 

inhibitor, incretin mimetic, or dipeptidyl peptidase-4 

inhibitor) during a survey year. 

Other key independent variables
Two types of independent variables were included in the 

analysis: clinical and demographic. Demographic variables 

available in MEPS include sex (male, female), age in years 

(18–34, 35–49, 50–64, 65–79, 80+), race (white, black, 

American Indian, and other race), ethnicity (Hispanic/

non-Hispanic), health insurance type (private, public, dual 

 covered, and uninsured), highest degree completed (no 

degree, less than bachelors, bachelors, masters, and above), 

family income (classified using percentage of federal poverty 

level), and region of the country (Northeast, Midwest, South, 
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West). Clinical variables included other chronic medical 

conditions coded as numerical counts of conditions other 

than the four CMRFs described earlier. The numerical count 

of other conditions was used as an adjustment variable in the 

regression analyses.

Outcome measures
Outcome measures in this study were health care utilization, 

expenditures, and lost productivity. Health care utiliza-

tion included the number of outpatient visits, number of 

emergency room visits, number of inpatient visits, inpatient 

length of stay, and number of prescriptions including refills. 

All-cause health care expenditures in MEPS consist of direct 

payments for all health care utilization during the calendar 

year, including out-of-pocket payments and payments made 

by private and public insurance. Health care expenditures 

were estimated as total health care expenditures (pharmacy 

+ medical). All expenditures were estimated in 2014 US 

dollars using the medical care component of Consumer 

Price Index. Two measures of workplace productivity were 

estimated: number of days missed at work and employed 

or not employed during (including part-time employment 

status) the entire year. 

Statistical analyses
Descriptive statistics were estimated for utilization, expendi-

tures, lost productivity, and other clinical and demographic 

variables. Regression models for health care utilization, 

expenditures, and lost productivity reported incremental 

differences for those with one, two, three, or four of the 

CMRFs defined in this study compared with the general 

population with zero CMRFs. Regression models adjusted 

for all relevant clinical and demographic variables, including 

age, sex, race, ethnicity, region, education, number of other 

chronic conditions, family income, and insurance status. 

Negative binomial models were used for the adjusted health 

care utilization analysis and the lost-productivity analysis 

for the number of missed days at work. Incidence rate 

ratios were reported for utilization-related count variables. 

Health care expenditures often contain a large percentage 

of zero costs and are heavily right-skewed. To account for 

these statistical issues, we used generalized linear modeling 

with log link and gamma family distribution for health care 

expenditures. Adjusted differences in health care expendi-

ture outcomes were reported as marginal effects (dy/dx) as 

compared with those with zero CMRFs. A logistic regression 

model was developed to estimate the adjusted difference in 

employment between groups and reported as odds ratios. All 

analyses were conducted using Stata® version 12 (StataCorp 

LP,  College Station, TX, USA) incorporating MEPS survey 

design  variables (eg, probability weights).

Sensitivity analyses
We performed a sensitivity analysis by splitting the three or 

four CMRFs group into three and four CMRFs separately. 

We ran all unadjusted and adjusted analyses with three and 

four CMRFs separated.

Results
There were 43,037 people with at least one CMRF; 30,849 

had zero CMRFs; 29,647 had one CMRF; 9,392 had two 

CMRFs; and 3,998 had three or four CMRFs (Table 1). 

Among the same sample, the most prevalent CMRF was 

abdominal obesity (n=36,638) followed by elevated blood 

pressure (n=16,830) (Table 2). Increasing number of CMRFs 

was most prevalent among lower educated, older males. Those 

with a higher number of CMRFs had a higher number of other 

chronic conditions (ie, excluding CMRFs) as compared with 

the average MEPS population.  The number of other chronic 

conditions was highest for people with elevated triglycerides 

(3.05), elevated glucose (2.61), and elevated blood pressure 

(2.54) as compared with the average MEPS population (1.35). 

Significant increases in unadjusted and adjusted utiliza-

tion and expenditures were observed as the number of CMRFs 

increased (Table 3 and Figure 1). As compared with people 

with zero CMRFs, people with one, two, and three or four 

CMRFs had 1.15 (95% CI: 1.06, 1.24), 1.37 (95% CI: 1.25, 

1.51), and 1.39 (95% CI: 1.22, 1.57) times higher expected 

rate of emergency room visits, respectively, after adjusting 

for clinical and demographic characteristics. Overall adjusted 

annual health care expenditures were approximately double 

for those with three or four CMRFs at US$7,640 compared 

with US$3,523 and US$3,940 for those with zero CMRFs 

and one CMRF, respectively (Figure 1). 

People with three or four CMRFs reported employment 

of 60% compared with 80% in people with zero CMRFs 

(Table 4). After adjusting for clinical and demographic char-

acteristics, on average people with three or four CMRFs had 

1.38 (95% CI: 1.17, 1.63) times higher odds of reporting not 

being employed as compared with those with zero CMRFs. 

After adjusting for clinical and demographic characteristics, 

people with one, two, and three or four CMRFs had 1.21 

(95% CI: 1.09, 1.34), 1.55 (95% CI: 1.31, 1.82), and 1.75 

(95% CI: 1.42, 2.17) times higher expected rate of number 

of missed days at work due to illness or injury, respectively, 

compared with people with zero CMRFs.
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Table 1 Prevalence of CMRFs by number of risk factors (MEPS 2010–2012)

Prevalence of CMRFsa

Population characteristics Average MEPS 
population

Any risk 
factor

Zero risk 
factors

One risk 
factor

Two risk 
factors

Three or four 
risk factors

Sample size (n) – 43,037 30,849 29,647 9,392 3,998
Sex (%)

Male 48.26 50.93 45.38 50.93 50.19 52.67
Female 51.74 49.07 54.62 49.07 49.81 47.33

Age category, years (%)
18–34 30.24 20.39 44.13 28.63 4.32 1.70
35–49 25.59 25.67 25.94 29.61 19.27 13.71
50–64 25.86 29.91 20.66 24.83 39.68 41.75
65–79 13.25 17.87 6.67 11.73 28.11 35.90
80+ 5.06 6.15 2.59 5.19 8.63 6.93

Race (%)
White 80.67 80.59 80.94 81.19 79.59 78.75
Black 11.80 13.70 9.02 12.84 15.43 15.53
American Indian 0.74 0.83 0.64 0.85 0.78 0.82
Other 6.79 4.88 9.41 5.12 4.21 4.90

Ethnicity (%)
Hispanic 14.61 15.01 13.87 17.07 10.05 12.53
Non-Hispanic 85.39 84.99 86.13 82.93 89.95 87.47

Region (%)
Northeast 18.30 17.52 18.99 17.62 17.42 17.06
Midwest 21.51 22.17 20.84 21.66 23.12 23.47
South 37.00 38.96 34.47 38.02 40.34 42.18
West 23.19 21.35 25.70 22.71 19.12 17.30

Highest degree completed (%)
No degree 14.71 14.39 14.47 13.43 15.08 19.37
Less than bachelors 56.60 60.17 51.89 59.81 60.62 61.53
Bachelors 18.69 16.50 21.99 17.46 15.69 11.87
Masters, PhD 10.00 8.94 11.65 9.30 8.62 7.23

Family income categoryb (%)
Poor 12.83 12.73 12.41 13.04 10.97 14.74
Near poor 4.54 4.87 3.86 4.74 5.00 5.52
Low income 13.67 14.51 12.33 14.42 14.66 14.76
Middle income 30.21 30.77 29.68 30.58 31.15 31.22
High income 38.75 37.12 41.72 37.22 38.23 33.77

Insurance status (%)
No insurance during year 15.04 13.05 17.30 16.07 7.10 6.32
Private only during year 53.87 49.37 61.61 54.06 43.11 31.94
Public only during year 19.77 23.16 14.26 18.98 29.57 36.80
Public and private during year 11.32 14.42 6.83 10.90 20.22 24.93

Age, years (mean) 46.84 51.16 40.41 46.75 59.46 61.89
BMI, kg/m2 (mean) 27.75 31.19 23.09 30.43 32.10 34.32
Number of chronic conditions (mean) 1.94 2.63 0.98 1.74 3.98 5.59
Number of chronic conditions excluding CMRFsc (mean) 1.35 1.69 0.87 1.29 2.33 2.95

Notes: aCMRFs: abdominal obesity (BMI ≥27 kg/m2), elevated blood pressure (at least one ICD-9 code for hypertension – 401.x), elevated triglycerides (having at least one 
prescription), elevated glucose (at least one ICD-9 code for diabetes [250.xx] and at least one prescription for an antihyperglycemic medication), hyperuricemia (at least 
one ICD-9 code for gout [274.x] and at least one prescription). bFamily income poverty levels: poor, income less than or equal to poverty line; near poor, income over the 
poverty line through 125% of poverty line; low income, income over 125% through 200% of poverty line; middle income, income over 200% through 400% of poverty line; 
high income, income over 400% of poverty line. cNumber of chronic conditions excluding ICD-9 codes: 250, 272, 274, 278, and 401.
Abbreviations: CMRFs, cardiometabolic risk factors; BMI, body mass index; ICD-9, International Classification of Diseases, ninth revision; MEPS, Medical Expenditure Panel 
Survey.
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Table 2 Prevalence of CMRFs by type of risk factor (MEPS 2010–2012)

Population characteristics Prevalence of CMRFsa

Average MEPS 
population

Abdominal  
obesity

Elevated blood  
pressure

Elevated 
triglycerides

Elevated  
glucose

Sample size (n) – 36,638 16,830 1,756 6,566
Sex (%)

Male 48.26 51.95 47.77 61.15 50.22
Female 51.74 48.05 52.23 38.85 49.78

Age category, years (%)
18–34 30.24 23.90 2.70 2.53 3.78
35–49 25.59 28.68 14.21 16.60 15.92
50–64 25.86 29.74 37.28 39.20 38.68
65–79 13.25 14.46 32.43 34.96 32.82
80+ 5.06 3.22 13.38 6.70 8.80

Race (%)
White 80.67 80.60 79.76 89.67 76.69
Black 11.80 14.36 14.36 3.87 15.94
American Indian 0.74 0.90 0.64 0.54 0.85
Other 6.79 4.14 5.23 5.93 6.52

Ethnicity (%)
Hispanic 14.61 16.38 8.81 9.64 14.75
Non-Hispanic 85.39 83.62 91.19 90.36 85.25

Region (%)
Northeast 18.30 17.14 17.93 17.79 17.03
Midwest 21.51 22.56 22.76 22.03 22.55
South 37.00 38.79 40.52 41.13 41.19
West 23.19 21.50 18.79 19.05 19.24

Highest degree completed (%)
No degree 14.71 14.11 15.73 15.67 20.58
Less than bachelors 56.60 60.84 59.51 58.24 61.05
Bachelors 18.69 16.40 15.56 15.97 11.92
Masters, PhD 10.00 8.65 9.20 10.12 6.45

Family income categoryb (%)
Poor 12.83 13.17 11.58 12.01 14.38
Near poor 4.54 4.82 5.28 4.08 5.86
Low income 13.67 14.36 14.78 12.62 16.39
Middle income 30.21 31.17 30.23 29.52 31.72
High income 38.75 36.48 38.13 41.78 31.65

Insurance status (%)
No insurance during year 15.04 14.67 5.88 4.23 7.70
Private only during year 53.87 53.20 36.16 37.30 32.45
Public only during year 19.77 20.73 33.23 31.41 37.14
Public and private during year 11.32% 11.39 24.73 27.05 22.71

Age, years (mean) 46.84 48.27 62.72 61.06 60.88
BMI, kg/m2 (mean) 27.75 32.66 30.07 30.71 32.06
Number of chronic conditions (mean) 1.94 2.34 4.39 5.10 5.04
Number of chronic conditions excluding CMRFsc (mean) 1.35 1.54 2.54 3.05 2.61

Notes: aCMRFs: abdominal obesity (BMI ≥27 kg/m2), elevated blood pressure (at least one ICD-9 code for hypertension – 401.x), elevated triglycerides (having at least one 
prescription), elevated glucose (at least one ICD-9 code for diabetes [250.xx] and at least one prescription for an antihyperglycemic medication), hyperuricemia (at least 
one ICD-9 code for gout [274.x] and at least one prescription). bFamily income poverty levels: poor, income less than or equal to poverty line; near poor, income over the 
poverty line through 125% of poverty line; low income, income over 125% through 200% of poverty line; middle income, income over 200% through 400% of poverty line; 
high income, income over 400% of poverty line. cNumber of chronic conditions excluding ICD-9 codes: 250, 272, 274, 278, and 401.
Abbreviations: CMRFs, cardiometabolic risk factors; BMI, body mass index; ICD-9, International Classification of Diseases, ninth revision; MEPS, Medical Expenditure Panel 
Survey.
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Table 3 Annual utilization and expenditure estimates by number of CMRFs

Variables Number of CMRFs

Average 
MEPS 
populationa

Zero risk factors 
(n=30,849)

One risk factor 
(n=29,647)

Two risk factors 
(n=9,392)

Three or four risk 
factors (n=3,998)

Unadjusted Adjusted Unadjusteda Adjusted Unadjusteda Adjusted Unadjusteda Adjusted

Utilizationb

Number of 
outpatient visits

8.11 5.57 Reference 
group

7.55 1.08 
(1.02,1.15)

12.84 1.26  
(1.17, 1.35)

17.59 1.55  
(1.42, 1.70)

Number of 
emergency room 
visits

0.19 0.14 Reference 
group

0.19 1.15 
(1.06,1.24)

0.28 1.37  
(1.25, 1.51)

0.31 1.39  
(1.22, 1.57)

Number of  
inpatient visits

0.11 0.07 Reference 
group

0.10 1.14  
(1.04, 1.25)

0.19 1.50  
(1.22, 1.69)

0.26 1.77  
(1.51, 2.08)

Inpatient length  
of stay (days)

0.59 0.28 Reference 
group

0.46 1.16 
(0.98,1.37)

0.97 1.50  
(1.22, 1.83)

1.44 2.43  
(1.86, 3.16)

Number of 
medications 
including refills

13.04 5.57 Reference 
group

10.77 1.42  
(1.36, 1.48)

28.49 3.36  
(3.18, 3.54)

49.76 5.29  
(4.19, 5.72)

Health care 
expenditure  
(2014 US dollars)c

$5,465 $3,523 Reference 
group

$4,763 $417  
($70, $763)

$9,281 $2,326 
($1,864, 
$2,788)

$13,304 $4,117 
($3,428, 
$4,807)

Notes: aUnadjusted estimates are mean. bIncidence rate ratio and 95% confidence intervals from negative binomial regression models after adjusting for age, sex, race, 
ethnicity, region, education, number of other chronic conditions, family income, insurance status, eg, after adjusting for all measured variables, those with three or four risk 
factors on average had a 1.55 higher expected rate of outpatient visits vs those with zero risk factors. cAdjusted increments annual expenditures and 95% confidence intervals 
from generalized linear models with log link and gamma family distribution after adjusting for age, sex, race, ethnicity, region, education, number of other chronic conditions, 
family income, and insurance status.
Abbreviations: CMRFs, cardiometabolic risk factors; MEPS, Medical Expenditure Panel Survey.
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Figure 1 Adjusted annual health care expenditures by number of CMRFs for MEPS respondents from 2010 to 2012.
Note: Adjusted expenditures calculated from generalized linear models with log link and gamma family distribution after adjusting for clinical and demographic characteristics. 
Abbreviations: CMRFs, cardiometabolic risk factors; MEPS, Medical Expenditure Panel Survey.

The results of the sensitivity analyses were similar to 

the overall results presented. When three or four risk fac-

tors were split into separate categories, outcome measures 

were not significantly different from each other; therefore, 

we kept the three or four CMRF groups merged together for 

the main findings.

Discussion
The results of this study suggest the economic burden 

associated with CMRFs increases as the number of CMRFs 

increase. This association was independent of the burden 

associated with CV disease. Our findings were consistent 

across utilization, expenditure, and productivity outcomes.  

Our findings are similar to previous research that found 

a significant economic burden of CMRFs independent of the 

cost of CV disease. Sullivan et al estimated the medical cost 

of CMRF clusters in the US using MEPS data from 2000 

and 2002.10 The authors grouped four risk factors (ie, BMI 

≥25 kg/m2, diabetes, hypertension, and hyperlipidemia) to 

estimate overall utilization and expenditure differences for 
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Table 4 Employment and absenteeism estimates by number of CMRFs

Variables Number of CMRFs

Average 
MEPS 
populationa

Zero risk factors  
(n=30,849)

One risk factor  
(n=29,647)

Two risk factors  
(n=9,392)

Three or four risk 
factors (n=3,998)

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Not employed  
(% on annual 
basis)a

20.7% 19.6% Reference 
group

18.3% 0.81  
(0.76, 0.87)

26.1% 0.96  
(0.87, 1.07)

39.6% 1.38  
(1.17, 1.63)

Annual number 
of days missed 
at work due to 
illness or injuryb

3.56 2.82 Reference 
group

3.69 1.21 
(1.09,1.34)

5.71 1.55  
(1.31, 1.82)

6.65 1.75  
(1.42, 2.17)

Notes: aUnadjusted estimates are percentage of working age-group (18–64 years) who were not employed during survey years; adjusted estimates and 95% confidence 
intervals are odds ratios from logistic regression model after adjusting for age, sex, race, ethnicity, region, education, number of other chronic conditions, and insurance 
status. bUnadjusted estimates are mean number of days; adjusted estimates and 95% confidence intervals are incidence rate ratios from negative binomial regression models 
after adjusting for sex, race, ethnicity, region, education, number of other chronic conditions, and insurance status.
Abbreviations: CMRFs, cardiometabolic risk factors; MEPS, Medical Expenditure Panel Survey. 

those with and without CMRFs, and to compare attributable 

CMRF expenditures by insurance type. The authors found 

adjusted annual total health care expenditures of $5,477 in 

2005 US dollars attributable to CMRFs when including BMI 

≥25 kg/m2, and at least two CMRFs out of diabetes, hyper-

tension, and hyperlipidemia. Using recently updated MEPS 

data, our study, when analyzed differently, found a similarly 

large difference of US$4,117 in adjusted annual health care 

expenditures for those with at least three or four CMRFs vs 

those with zero CMRFs.

Sullivan et al published a follow-up study using the 

same data (MEPS 2000 and 2002) and assumptions (BMI 

≥25 kg/m2) but focused solely on lost productivity-related 

outcomes.11 The annual number of missed work-days due 

to illness or injury attributable to CMRFs when including 

BMI ≥25 kg/m2, and at least two CMRFs out of diabetes, 

hypertension, and hyperlipidemia, increased by a factor of 

1.79 when compared with those without CMRFs. These 

results are similar to our findings as individuals with three or 

four risk factors had an increase in missed work-days due to 

illness and injury by a factor of 1.75. But our study differs 

from these two studies by Sullivan et al in that we used the 

most recently updated MEPS-HC files. We categorized and 

estimated CMRFs by the number of CMRFs as opposed to 

a population with and without any CMRFs, and we used a 

different BMI stratification (BMI ≥27 kg/m2).

Our results are also similar to previous studies that have 

analyzed medical costs by the number of CMRFs in com-

bination with specific conditions such as coronary artery 

disease (CAD), diabetes, and obesity. Using a claims data set, 

Tamariz et al analyzed health care paid claims by CAD and 

by the number of CMRFs from one to four.15 Their popula-

tion included individuals with at least one of the following 

conditions: diabetes, hypertension, abnormal lipid panel, 

and obesity. Health care expenditures were estimated with 

and without CAD and by the number of CMRFs. Although 

not directly comparable to our results, the observed trend 

of increasing expenditures associated with CMRFs is con-

sistent with our findings. For example, adjusted health care 

expenditures in 2003–2004 US dollars were $4,117, $4,968, 

$6,173, and $9,276 for one, two, three, and four CMRFs, 

respectively. Adjusted health care expenditure estimates more 

than doubled when CAD was included.

Sullivan et al conducted a CMRF-related study using 

MEPS data but estimated health care expenditures and lost 

productivity attributable to CMRFs and comorbid obesity 

(ie, BMI ≥30 kg/m2).16 Their findings suggested significantly 

higher medical expenditures and lost productivity for normal 

weight individuals with diabetes, dyslipidemia, or hyper-

tension as compared with those without those conditions. 

Obesity significantly increased those expenditures and lost-

productivity estimates. For example, obese individuals with 

three risk factors had an increase of nearly $10,000 2007 US 

dollars in annual total adjusted health care expenditures as 

compared to normal weight individuals with zero risk factors.  

Boudreau et al conducted a CMRF study in a man-

aged care population, estimating health care costs with and 

without CMRFs, and by the number of CMRFs stratified by 

diabetes diagnosis.12 CMRFs included hypertension, weight 

risk (BMI >27 kg/m2), high triglycerides, low high-density 

lipoprotein, and diabetes. The most expensive group of 

CMRFs included diabetes, dyslipidemia, and hypertension 

that had total annual costs of $9,650 in 2005 US dollars. 

A 24% increase in total annual health care costs per additional 
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risk factor was demonstrated with similar trends observed 

when stratified by diabetes status. Although the percentage 

increase and stratification of diabetes status were not similar 

to our study, these results are consistent with our findings 

that health care expenditures significantly increase for people 

with at least two to four CMRFs as compared with people 

without CMRFs. Boudreau et al suggested focusing on 

specific metabolic syndrome risk factor combinations for 

health care resource planning. Our study differs from these 

studies as our primary focus is on the number of CMRFs, 

regardless of a specific comorbid condition such as obesity, 

diabetes, or CAD. Moreover, we used the most recently avail-

able nationally representative survey data from MEPS and 

present lost-productivity outcomes as an additional source 

of the economic burden attributable to CMRFs. 

Limitations
Our study has important limitations that impact the interpre-

tation of the results. This study was cross-sectional where 

CMRF stratification and economic burden outcomes were 

measured contemporaneously. This may result in higher 

than actual health care expenditure estimates considering 

that CMRF definitions were based on utilization of health 

care resources such as prescription medications. We did not 

estimate health care resource utilization and expenditures 

when CMRFs were linked with CV disease events, or other 

conditions such as diabetes. There has been previous research 

suggesting that composite measures of the metabolic syn-

drome (ie, all CMRFs included) are not significant predictors 

of health care resource utilization.12,19 Rather, some have sug-

gested individual CMRFs such as abdominal obesity, comor-

bid conditions such as diabetes, or specific combinations 

of CMRFs and comorbid conditions (eg, hypertension and 

diabetes) are the drivers of high utilization. Our study findings 

suggest that regardless of specific CMRFs, significant health 

care resources are consumed when patients have a combina-

tion of CMRFs as compared with patients with no CMRFs.

CMRF definitions were based on self-reported condi-

tions from MEPS. This may represent an underreporting 

of included conditions20 and thus an underestimate of the 

economic burden. However, prevalence estimates reported 

here are similar, in some cases lower or higher, to other 

studies relying on recent self-reported data.8,21 For example, 

as compared with data using National Health and Nutri-

tion Examination Survey (NHANES), we found a higher 

prevalence estimate of abdominal obesity, yet slightly 

lower prevalence of elevated blood pressure and elevated 

glucose. Some of these differences are attributable to dif-

ferent cutoff points for CMRFs. Overweight individuals 

specifically may underestimate their weight and overesti-

mate their height.22,23 Furthermore, MEPS does not contain 

information on undiagnosed conditions such as NHANES 

does, which may also lead to underestimated prevalence 

of these CMRFs.  

Conclusion
This study contributes to the body of literature suggesting 

as the number of CMRFs increase, regardless of specific 

underlying conditions, the economic burden increases for 

both direct health care expenditures and lost productivity. 

Prevalence of elevated glucose and elevated waist circum-

ference are still on the rise. These results underscore the 

value of providing incentives to reduce the burden of these 

CMRFs from an economic and productivity standpoint. More 

attention should focus on treating the underlying metabolic 

syndrome instead of focusing on one condition alone.
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