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Introduction: Strategies to mitigate rising health-care costs are a priority for patients, employers, and health insurers. Yet gaps 
currently exist in whether health risk assessment can forecast medical claims costs. This study examined the ability of a health quotient 
(HQ) based on modifiable risk factors, age, sex, and chronic conditions to predict future medical claims spending.
Methods: The study included 18,695 employees and adult dependents who participated in health assessments and were enrolled in an 
employer-sponsored health plan. Linear mixed effect models stratified by chronic conditions and adjusted for age and sex were utilized 
to evaluate the relationship between the health quotient (score of 0–100) and future medical claims spending.
Results: Lower baseline health quotient was associated with higher medical claims cost over 2 years of follow up. For participants 
with chronic condition(s), costs were $3628 higher for those with a low health quotient (<73; N = 2673) compared to those with high 
health quotient (>85; N = 1045), after adjustment for age and sex (P value = 0.004). Each one-unit increase in health quotient was 
associated with a decrease of $154 (95% CI: 87.4, 220.3) in average yearly medical claims costs during follow up.
Discussion: This study used a large employee population with 2 years of follow-up data, which provides insights that are applicable 
to other large employers. Results of this analysis contribute to our ability to predict health-care costs using modifiable aspects of 
health, objective laboratory testing and chronic condition status.
Keywords: employee population, healthcare spend, health quotient, health risk assessment, medical claims costs

Plain Language Summary
Health-care costs are rising. Predicting and modifying risk factors for high medical costs can save money. This study examined how 
a health score could predict future medical costs in more than 18,000 people. Over 2 years of follow-up, a lower health score was 
associated with higher medical costs.

Introduction
Large employers commonly invest in workplace health programs to improve the health of the workforce and mitigate 
rising health-care costs.1 Health risk assessments in workplace settings have the potential to aid in the development of an 
effective program, particularly when health risk assessments include modifiable risk factors for chronic diseases.2 Health 
risk assessments commonly include “behavioral” elements that can be modified with healthy lifestyle choices, including 
tobacco use, physical activity, alcohol consumption, blood pressure, body weight, missed days of work due to illness, 
lipid measures, and safety.3,4 Laboratory tests included in health risk assessments have been used to identify previously 
unrecognized medical conditions, such as lipid disorders, cardiovascular disease, and diabetes.5 Workplace health 
programs can maintain low and moderate health risk levels among employees and their dependents, as shown in 
a prospective longitudinal quasi-experimental study over eight years.6

Several studies have reported a relationship between health status, as measured by health risk assessment tools, and 
medical claims costs.3,7–9 In a large employee population, Yen et al demonstrated incremental total medical claims 
reductions of $56 per each additional point on their wellness score, and increases of $3574 for an existing major disease.3 

In addition, retrospective analysis of well-being assessments in two large employers showed that employees who improve 
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their wellbeing have been reported to be less likely to develop illness, avoiding $3600 of total annual health costs per 
occurrence and $26 to $62 per member per year.10 Since gaps currently exist in whether health risk assessments are 
associated with future medical claims costs, this analysis examined whether a health quotient (HQ) based on modifiable 
behaviors and objective laboratory testing is associated with future medical claims costs in a large employee population.

Methods
The HQ used in this employer-sponsored health assessment was generated based on the aggregate results of a health risk 
assessment questionnaire, venipuncture laboratory results, and biometric measurements comprised 12 components. 
Components of the HQ included modifiable risk factors previously shown to be associated with health-care expenditures 
based on prior research.7,8,11 Seven components were gathered solely from the questionnaire and included information 
relating to nutrition, safety (eg, seat belt use), alcohol consumption, physical activity, preventive screening, self-care, and 
stress. Biometric components included measurements of body weight and blood pressure. A cholesterol component was 
assessed based on laboratory measurements of total cholesterol and ratio of triglyceride to high-density lipoprotein- 
cholesterol, and a diabetes component was assessed with laboratory measurements of hemoglobin A1C and fasting glucose. 
A tobacco use component was based on either a positive response to the survey questionnaire or positive cotinine test result. 
The HQ used in this study ranges from 1 to 100, with a higher total HQ being associated with better health status.

This study analyzed the association between the HQ and future medical costs in an employee population of a healthcare 
company. The analysis included deidentified data from all employees and adult dependents (health plan beneficiaries) who 
participated in an employer-sponsored annual screening in 2016 and had continuous eligibility and medical coverage for the 
subsequent two years following the screening (2017 and 2018) (Figure 1). Approximately 35,000 participated in an annual 
screening in 2016 and less than 20,000 had 36 months (3 years) of medical claims. Of the eligible participants, 18,695 had 
complete data. The analysis was conducted according to the HIPAA Privacy Rule (Title 45 Code of Federal Regulations, 
Section 164.514e), which governs research conducted by Covered Healthcare Entities and allows retrospective analysis using 
a limited data set without requiring approval by an institutional review board.

The baseline characteristics of participants were obtained from the wellness exam in 2016 and included age, sex, self- 
reported ethnicity, self-reported education, chronic conditions, and the HQ. Chronic conditions, defined based on the presence 
of an existing condition, were reported as Episode Treatment Groups (ETGs) (Optum, Inc.).12 The conditions represent those 
known to be associated with higher medical claims costs, as in prior research,3 and included anemia, cancer, diabetes, deep 
vein thrombosis, gastroenterological disease, heart disease, kidney disease, mental health, metabolic (obesity), pulmonary 
disease, and stroke. A binary indicator (ie, “Yes” or “No”) was created to flag participants with chronic conditions. The HQ 
was categorized as low (<73), intermediate (73–85), or high (>85) to identify groups in need of different levels of future health 
interventions; thresholds were based on the first and third quartile of the complete data set. To capture individuals with similar 
medical costs, age was categorized into three groups: under 45 (<45), 45–55, and 55 and over (≥55).

Follow-up medical costs were obtained from insurance claims in 2017 and 2018. Individual medical costs (as per 
member per year costs) were summed to determine the annual cost per year, which included inpatient, outpatient, 
pharmacy, and professional claims. The average annual medical claims costs over the 2-year follow-up period were 
considered as the primary outcome. Costs related to pregnancy and delivery were excluded from the analysis.

Statistical Analysis
This study was a retrospective cohort analysis of longitudinal data to examine how health quotient (HQ) generated from 
a health assessment program are associated with prospective medical costs adjusting for age, sex, and chronic conditions. 
Data were randomly split into a training set (two-thirds of the data), which was used to build the model, and an 
independent test set, which was used to evaluate model performance. Descriptive statistics were used to summarize the 
baseline characteristics of individuals and included percentages and counts for the categorical data and mean and 
standard deviation for the continuous variables. The distribution of baseline characteristics in the training and testing 
data sets were compared by using Chi-square for categorical variables or by using t-test or the Wilcoxon rank sum test for 
continuous variables.
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Visual inspection of the mean medical costs within HQ categories by chronic condition indicated a possible 
interaction and therefore a linear regression model was used to test for the significance of the interaction (Figure 2). 
To enhance the clarity of the model interpretation, we developed linear mixed-effect models stratified by chronic 
condition using the training dataset.

The stratified models by chronic condition evaluated the association of the HQ with future medical claims costs after 
adjusting for age and sex. To account for heterogeneity of variability of medical claims costs among subjects with similar 
baseline characteristics, a group variable was formed according to individual’s age, sex, chronic condition, and the HQ 
score (3 age groups × 2 sex groups × 2 chronic conditions × 3 HQ groups, NGroup=36). The group variable was included 

Figure 1 Study cohort selection.
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in the linear mixed model as a random effect. This approach allowed the variance of the model errors to differ by group 
since medical costs and thus the absolute model errors can differ dramatically by age, gender, HQ, and chronic 
conditions. In addition, by using the group random effect, the problem of the severely skewed cost measures was 
reduced after validating the residuals of the model with and without the group random effect.

The primary models stratified by chronic condition were developed using categorical variables for HQ and age and 
the secondary models were considered with continuous variables for both HQ and age.

The training models were applied to the independent test set stratified by chronic condition. This process allowed 
testing of models’ reproducibility on an independent sample test. Overall, 12,463 (66.7%) were randomized to the 
training data set and 6232 (33.3%) to the test data set. The predicted medical claims costs for each individual in the test 
data were calculated based on the regression coefficients, person’s age, gender, chronic condition, and HQ score.

To evaluate the model performance, we compared the predicted and actual medical claims costs at the group level 
using several metrics. Given that the actual medical claim costs were not normally distributed, Wilcoxon signed-rank 
test, Root Mean Squared Error (RMSE), Normalized RMSE (NRMSE), and Spearman’s rank correlation coefficient (rs) 
were used to evaluate the model performance.

These metrics allowed us to assess the agreement between the predicted and actual costs, taking into account different 
aspects such as the magnitude of errors and the non-normality of the distribution. Specifically, the Wilcoxon signed-rank 
evaluated whether there was a significant difference between the median of the predicted and actual costs, while the 
RMSE and NRMSE quantified the overall magnitude of errors. Finally, the Spearman’s rank correlation coefficient 
assessed the strength and direction of the relationship between the predicted and actual costs.

Differences were considered statistically significant at a P value <0.05. All statistical analyses were performed in 
R version 3.6.3.13 using “tidyverse” for data manipulation, “lmer” for mixed effect modeling, “Metrics” for prediction 
measures, “ggplot2” for visualization, and “stats” for descriptive statistics from R library.

Figure 2 Change in categories of health quotient comparing individuals with a chronic condition and without a chronic condition.
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Results
Data from 18,695 employees and spouses met eligibility criteria and were included in the analysis (Figure 1). The 
majority (66.2%) of participants were female (Supplementary Table A-1), the median (interquartile) age was 48 (39–56) 
years (Supplementary Table A-1), majority of the participants were white 38.7%, and 50.5% had at least graduated 
college or above. The median (interquartile) HQ was 78 (72–84), 21.2% of the participants had a high HQ (>85), 49.1% 
had an intermediate HQ (73–85), and 29.7% had a low HQ (<73) (Supplementary Table A-1). The majority of the study 
participants (12,011; 64.2%) had a chronic condition (Supplementary Table A-1).

Characteristics of individuals in the training data set did not differ significantly from those in the test data set (Table 1). 
The full linear regression model on the training set with interaction between HQ and chronic condition showed that average 
medical costs increase for individuals with lower HQ and chronic conditions (Figure 2; Interaction P < 0.001). The results 
of stratified models by chronic condition are shown in Table 2 and Table 3.

The categorical model stratified by chronic condition identified that, among participants with a chronic condition, 
a lower HQ was associated with higher future annual average health-care claims costs (Table 2). For the population with 
chronic conditions, medical claims costs were $3628 higher for individuals with low HQ compared to those with high HQ, 
after adjusting for age and sex (P = 0.004) (Table 2). For individuals without a chronic condition, average medical claims 
costs were $2400 higher among those who were older than 55 years than among those under 45 (P < 0.001; Table 2).

Table 1 Baseline Characteristics of the Study Participants

Groups Described Training Data Test Data P value

N=12,463 N=6232

N (%)

Sex

Female 8212 (65.9) 4173 (67.0) 0.15
Male 4251 (34.1) 2059 (33.0)

Age, years
<45 4731 (38.0) 2357 (37.8) 0.55

45–54 3971 (31.9) 1949 (31.3)

≥55 3761 (30.2) 1926 (30.9)

Ethnicity

White 4807 (38.6) 2424 (38.9)
Black 2007 (16.1) 1066 (17.1) 0.50

Asian 1466 (11.8) 722 (11.6)

Native American 47 (0.4) 29 (0.5)
Missing (NA) 2903 (23.3) 1394 (22.4)

Educationc

College graduate or above 6268 (50.3) 3177 (51.0) 0.40

Less than college graduate 6194 (49.7) 3055 (49.0)

Health quotienta

Low: <73 2618 (21.0) 1341 (21.5) 0.68

Intermediate: 73–85 6128 (49.2) 3059 (49.1)
High: >85 3717 (29.8) 1832 (29.4)

Chronic conditionb

No 4475 (35.9) 2209 (35.4) 0.50

Yes 7988 (64.1) 4023 (64.6)

Notes: aHQ (range, train and test) (37–99). bChronic condition: Anemia, cancer, diabetes, deep vein 
thrombosis, gastroenterological disease, heart disease, kidney disease, mental health, metabolic, pulmonary 
disease, mental health, and stroke. cEducation: Missing (N=1).
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Adjusted medical claims were $2636 higher for individuals with low HQ comparing to those with intermediate HQ 
(P=0.02; Supplementary Table A-2). The model with HQ and age as continuous variables (HQ ranging from 1 to 100, 
Age ranging from 19 to 87), estimated medical claims costs declined by ~$154 per one unit increase in HQ ($1540 per 10 
unit increase in HQ) among individuals with chronic conditions (Table 3). In addition, for individuals with chronic 
conditions, average medical claims costs were $154 higher per additional year of age (P < 0.001; Table 3). For 
individuals without chronic conditions, average medical claims costs were $91 higher per additional year of age (P < 
0.001; Table 3). The models without chronic condition indicated that HQ was not associated with future medical costs 
after adjusting for age and gender (Table 2 and Table 3).

To verify the models’ predictive value, the overall medical claims costs were calculated for the test data according to 
the regression coefficients and each individual’s age, sex, chronic condition, and HQ. The scatter plots of predicted 
values versus actual values of the test data at group level for both models are shown in Figure 3. On average, the annual 
predicted costs were $791 and $683 lower than the actual costs for the test data for categorical and continuous models 

Table 2 Linear Mixed Effect Model of Future Health-care Costs Stratified by Chronic Condition with 
Categorical Health Quotient (Training Set, N = 12,463)

Intercept and Variables Coefficients (ß) 95% CI Standard Error T value P value

Chronic Condition: Yes (N=7988)

Intercept 6222.3 (4431.4, 8048) 1062.8 5.9 <0.001
HQ (ref: High) Intermediate 992.2 (−804.5, 2784.8) 1057.7 0.9 0.4

Low 3628.4 (1782.6, 5455.4) 1077.5 3.4 0.004
Sex (ref: Female) Male −300.4 (−1676.6, 1115.4) 830.3 −0.4 0.7
Age (ref: <45), y 45–55 1267.4 (−458.2, 2962.9) 1019.7 1.2 0.2

≥55 3947.9 (2232.8, 5614.0) 1007.9 3.9 0.002

Chronic Condition: No (N=4475)

Intercept 2776.1 (2120.7, 3431.8) 334.5 8.3 <0.001

HQ (ref: High) Intermediate 309.1 (−404.3, 1022.5) 364.0 0.8 0.4

Low 561.8 (−341.1, 1464.8) 461.0 1.2 0.2
Sex (ref: Female) Male −115.7 (−782.7, 551.4) 340.5 −0.3 0.7

Age (ref: <45), y 45–55 789.3 (73.3, 1505.5) 365.5 2.2 0.03
≥55 2400.7 (1562.3, 3239.6) 428.0 5.6 <0.001

Notes: HQ: High (>85), Intermediate (73–85), Low (<73). Degrees of Freedom: (N-6). Bold indicates p ≤0.05.

Table 3 Linear Mixed Effect Model Stratified by Chronic Condition with Continuous Health Quotient (Training 
Set, N = 12,463)

Intercept and Variables Coefficients (ß) 95% CI Standard Error T value P value

Chronic Condition: Yes (N=7988)

Intercept 13,981.5 (7858.1, 20,067.4) 3254.3 4.3 <0.001

HQ (per unit increase) −153.7 (−220.3, −87.4) 35.4 −4.3 <0.001
Sex (Male) −473.3 (−2014.4, 1065.9) 824.7 −0.6 0.6
Age (one-year older) 154.1 (89.6, 219.5) 34.6 4.5 <0.001

Chronic Condition: No (N=4,475)

Intercept 1406.6 (−1623.5, 4436.4) 1546.2 0.9 0.4

HQ (per unit increase) −20.6 (−54.8, 13.7) 17.5 −1.2 0.2
Sex (Male) −165.6 (−833.6, 502.7) 340.9 −0.5 0.6

Age (one-year older) 90.7 (61.8, 119.6) 14.7 6.2 <0.001

Notes: Degrees of freedom: (N-4). Bold indicates p ≤0.05.
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with chronic conditions (Table 4). These differences between the predicted and actual costs were not statistically 
significant (Table 4). The Spearman’s rank correlation coefficients (rs) between the predicted and actual values for test 
data for models with chronic conditions were statistically significant (Categorical model (rs:0.6, P = 0.01), Continuous 
model (rs:0.5, P = 0.04)).

In addition, models with chronic condition had the lowest average errors (Test data: NRMSE: Categorical model: 
26%, Continuous model: 25%) (Table 4).

Discussion
This analysis shows that the HQ used in this employer-sponsored health assessment can help forecast future medical 
claims costs in an employee population: a lower HQ at baseline was associated with significantly higher medical claims 
costs over the subsequent 2 years. These findings build on prior research showing relationships between health-care costs 
and potentially modifiable behavior, health risks, and chronic conditions,14,15 where costs increase as the number of risk 
factors and age increase.16 Adding to prior research, the current study used a prospective model including 3-years of 
current health-care costs and HQ based on health behaviors and laboratory measures, in a large employee population, and 
reported annual average incremental healthcare spend of $154 per 1 unit decrease in HQ.

Figure 3 Predicted vs actual health care costs by chronic condition status at group level for (a) Categorical model; (b) Continuous model.
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Health-care costs were higher for those with lower health quotient and older age, regardless of presence of a chronic 
condition. Differences in health-care costs for individuals with lower HQ are in line with previous findings.3 In previous 
research, medical costs were $67 to $778 higher for employees classified as high risk by health risk appraisal.3 At an 
incremental level, total medical claim costs decreased $56 for each additional point on the HQ, increased $88 for each 
additional age, and increased $3574 for an existing major disease.3

Approximately 64% of the study population had a chronic condition such as anemia, cancer, diabetes, deep vein 
thrombosis, gastroenterological disease, heart disease, kidney disease, metabolic, pulmonary disease, a mental health 
condition, and stroke. While the chronic condition definition was broad, the requirement of having 3 years of consecutive 
medical plan coverage to be included in the analysis, potentially biased the representation of those with a chronic condition 
requiring ongoing care. Although individuals with chronic conditions had higher health-care costs than those without, healthy 
lifestyle practices, as evidenced by a higher HQ, were associated with significantly lower health-care costs. For the population 
with chronic conditions, annual per-person costs were $3628 higher among individuals with low HQ (<73) than among those 
with high HQ (>85), after adjusting for age and sex. Thus, applications of health risk assessments can play an important role in 
identifying employees who may be more vulnerable to higher future health-care costs. Identifying this population may help to 
design interventions to lower health-care costs by managing the identified health conditions.

Assessment of health risk in HQ components may also create the opportunity for early identification of unengaged 
health risk and unengaged chronic conditions at the participant level.17,18 Assessment of 86,895,424 person-years of 
employee medical claims (from the IBM Watson Health MarketScan Commercial Claims and Encounters Database) 
revealed that only a minority (29% men and 36% women) of employees received a complete set of high priority 
preventative health services.19 With identification of risk and targeted care pathways, chronic health conditions can be 
prevented and managed.20–22 The components in the health assessment described here included measures based on 
modifiable health behaviors known to influence health outcomes. Participating in health risk assessments has been 
associated with lower health-care costs (29% lower total and 36% lower lifestyle-related costs), lower inpatient costs, 
fewer hospital admissions, and fewer hospital days of care.23

Worksite health promotion programs have demonstrated effectiveness in moving people to lower risk categories, 
especially in the first year of the program.15 Significant reductions in health risks have been demonstrated, especially 
related to high-risk blood pressure, high-risk fasting blood glucose, and high-risk stress.14 Interventions targeted at 
preventing the onset of health risks and reducing the risks of those with multiple risks appear most beneficial.16 Yet 
previous research has shown that cost decreases from health improvements do not match cost increases from health 
declines. In a previous study, the mean cost increase per risk factor ($350) was more than double the mean cost decrease 
per risk factor decreased ($150).16 Annual cost savings associated with improved wellbeing were reported to be greater 
for individuals with chronic condition (US$62) than for those without ($26).10 Moreover, cost savings appear to be the 
greatest among those who participate in workplace health programs consistently over several years.16

Table 4 Comparisons of Average Annual Medical Claims Costs Between Actual Values and Predicted Value

Test Data RMSE NRMSE Average Cost Wilcoxon Signed Rank Test Spearman Correlation

Actual, $ Predicted, $ Diff, $ P value rs P value

Model: Categorical

Chronic Condition (yes) 2641 0.26 9964.9 9350.8 791.3 0.6 0.6 0.01
Chronic Condition (no) 2223 0.32 4863.2 4071.8 614.1 0.06 0.3 0.3

Model: Continuous

Chronic Condition (yes) 2583 0.25 9964.9 9281.7 683.2 0.8 0.5 0.04
Chronic Condition (no) 2177 0.35 4863.2 4065.9 797.3 0.2 0.3 0.3

Notes: Wilcoxon signed rank test comparing actual and predicted values, Spearman correlation coefficient: the standard product-moment correlation coefficient, between 
the ranks of the predicted values and actual cost values. Bold indicates p ≤0.05. 
Abbreviations: RMSE, root mean square error; NRMSE, normalized RMSE.
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Findings from this analysis likely have implications for self-insured employers facing similar workforce challenges. 
Health risks contribute to excessive direct and indirect costs. Excess health risks have been reported to account for an 
estimated 25% healthcare costs.16 In addition to direct health-care costs, health risk factors such as excessive alcohol 
consumption, elevated blood glucose, and sedentary behavior have been associated with indirect costs to employers as 
greater absenteeism.24 Health risk factors are associated with higher absenteeism and lower productivity.16 Thus, other 
employers may consider evaluating health risk as strategy to improve the health and productivity of the workforce.

Limitations
The findings of this analysis should be interpreted in the context of a few potential limitations. The study population 
represented a single employer in the healthcare industry, with a larger percentage of female employees. Detailed 
socioeconomic data were not available on the study population. Results may differ for employees in other industries 
with different employee profiles and socioeconomic status. In addition, the analysis did not address the potential impact 
from what has been described as a “natural flow model” in an employee population over time.14 According to the natural 
flow model, health risks change naturally in an employee population that does not participate in health improvement 
programs, with most (45–70%) employees remaining in their initial risk category and the rest moving between low, 
moderate, and high-risk categories within the year. Finally, this analysis was not focused on evaluating a cohort of 
individuals who had an elevated risk score at the start of the study period, who might have subsequently achieved a lower 
risk score before or after the year 3 measurement interval. Future analysis on the improvement of HQ would be helpful, 
especially if workplace interventions are in place to address unengaged health risk and unengaged chronic condition.

Conclusion
Use of the HQ to evaluate health status in a population generates a meaningful prediction of future claims cost. 
Applications of these findings support the use of health risk assessments like the HQ for identifying individuals with 
elevated health risk and higher future health-care costs in order to manage their health risk and reduce the cost of their 
healthcare. Further, as preventative health services are lacking among employees nationally,19 assessment of health risks 
in the employee setting may bridge this gap to facilitate population health management. Further research is needed to 
evaluate the impact of engaging specific identified opportunities from the screening on downstream health outcomes and 
costs.
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