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What’s new 

This study presents recent data from a high-quality commercial claims database on patterns of 

health service utilization, healthcare expenditures, and the magnitude of family financial impact 

for children with medical complexity who are enrolled in employer-sponsored health plans.  
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Abstract 

Objectives: Children with medical complexity have high health expenditures and health service 

utilization. This study examined patterns of annual health service utilization, out-of-pocket 

spending and family financial impact among children enrolled in private health plans.  

Methods: We used IBM Watson /Truven Analytics℠ MarketScan® commercial claims and 

encounters data (2012-2014). Multivariate generalized linear regression models were used to test 

the difference in health service utilization and expenditure between insurance plans and between 

medical complexity levels. Multivariate logistic regression models were used to assess the 

likelihood of family financial impact with regard to family complexity levels.  

Results: Children enrolled in health maintenance organizations (HMOs) had significantly lower 

out-of-pocket spending. Families were substantially more likely to experience spend more than 

$1000 on medical care within a year when enrolled in high-deductible (OR 2.70, 95%CI: (2.66, 

2.74)) or consumer-driven (OR 1.69, 95%CI: (1.66, 1.72)) plans than those covered by PPO 

plans. Families in high-deductible and consumer-driven plans faced significantly greater out-of-

pocket spending and cost-shares on hospitalizations, emergency room services, mental health 

services and prescription medications.  

Conclusions: Families with children with chronic health needs and medical complexity need to 

be cognizant that the greater patient cost-sharing health plans can impose significant financial 

burdens. 
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Introduction 

There is tremendous interest in reforms that create incentives for cost-effective, high 

quality care, but little attention has been given to the effects of these reforms on children. 

Children with medical complexity, a subset of children with special health care 

needs,(McPherson et al., 1998)  refer to those with the most severe, complex, and life-

threatening health problems,(Berry et al., 2015; Cohen et al., 2012) who have greater needs for 

healthcare services. Children with medical complexity have longer hospital stays(Gold et al., 

2016) and use extensive critical care resources,(Chan et al., 2016) which leads to higher 

healthcare expenses.(Berry et al., 2014; Cohen et al., 2012; McPherson et al., 1998) This sub-

population accounts for at least one-third of healthcare spending on children with private 

insurance.(Cohen et al., 2012)  

 Public and private healthcare expenditures have continued to increase.(Centers for 

Medicare and Medicaid Services, 2015) Out-of-pocket expenses, defined as the share of 

healthcare costs incurred by the patient, have drastically grown as health plans increase their 

deductibles, copayments, and coinsurance rates.(Centers for Medicare and Medicaid Services, 

2015) As out-of-pocket expenses impact a patient’s access to and utilization of healthcare 

services, high out-of-pocket expenditures have been associated with delayed and forgone 

healthcare services and nonadherence to prescription drugs, contributing to poor health 

outcomes.(Baughman et al., 2015; Wisk and Witt, 2012; Wiltshire et al., 2015) Further, families 

with multiple children are at particular risk of financial burdens due to children with special 

health care needs, a topic that has received relatively little attention.(Shattuck and Parish, 2008; 

Parish et al., 2012; Chen and Newacheck, 2006) Kuo et al., estimated nearly 50% of U.S. 

families with one or more complex children with special health care needs face financial 

burdens, including spending over $1,000 out-of-pocket on medical expenses.(Kuo et al., 2011)  
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Healthcare utilization and costs for children with medical complexity have been 

documented using Medicaid and Children’s Health Insurance Plan enrollees, both of which 

historically have had very low out-of-pocket costs.(Cohen et al., 2012; Berry et al., 2014) The 

Marketplace health plans created by the Affordable Care Act of 2010, recent trends in private 

insurance, and even some recent legislation proposed for Medicaid, have all tended to increase 

deductibles and out-of-pocket costs on children. These changes have a particular importance on 

privately-insured families of children with medical complexity, an important and growing 

subpopulation.(Newacheck et al., 2000) Moreover, because medical complexity of children is 

often chronic, lasting for many years, the health savings account or health reimbursement 

account typically paired with such plans may be inadequate to protect families enrolled in such 

plans from significant financial hardship.  This study examines the prevalence and size of these 

burdens on privately-insured children with medical complexity.   

This study protocol was reviewed by the Institutional Review Board at Boston University 

Medical Center which determined that the study did not meet the definition of “human subject 

research”. 

Methods  

Data: IBM Watson /Truven Analytics
℠
 MarketScan

®
 commercial claims and encounter 

data 2012-2014 (the “claims database”) were used. These data contain annual medical and 

prescription drug claims for employees and their dependents covered by employer-sponsored 

health insurance.(Hansen and Chang, 2011)  

Study sample: Children aged 0 to 17 were included if in all three years (2012-2014), they: 

(1) had at least one medical encounter claim, and (2) were continuously enrolled for at least 12 

months in one of the following four plan types: preferred provider organizations (PPO), health 
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maintenance organizations (HMO), consumer-driven health plans or high-deductible health 

plans. The latter two types of plans, which have gained much popularity in recent years, usually 

share a similar network of providers as PPO with lower premiums and are accompanied by 

options such as health savings account to help employees better plan their healthcare 

expenditures.  

 Outcome variables: 

Healthcare service utilization: Analysis focused on inpatient hospitalizations, outpatient 

prescription medications, emergency room visits, mental health service visits, durable medical 

equipment (DME) uses, home health services, occupational/physical/speech therapies 

(OT/PT/ST), and laboratory and radiologic testing. Utilization of inpatient hospitalization was 

operationalized as the total number of admissions in one year. Number of outpatient prescription 

drug fills was calculated based on the number of days that a prescription had been filled, 

regardless of type, duration or dosage of the medication. Given that multiple claims are often 

generated for one patient during one visit, claims that occurred on the same date were compiled 

to generate one single day-episode of service utilization.  

Healthcare service expenditure: We calculated three expense measures at the family and 

individual child level: (1) annual total out-of-pocket spending, defined as the total expenses (sum 

of deductibles, coinsurance, and copayments) for a given type of healthcare service; (2) annual 

total cost, defined as the gross payment to a provider for a specific type of service; and (3) cost-

share, defined as the percentage of total cost that was paid out-of-pocket by the patient. The 

distributions of annual total out-of-pocket spending and annual total cost were both highly 

skewed. The extreme high values, corresponding to those in the top 0.1% percentile, were 

excluded from the analysis in order to limit  the effect of outliers.(Youn et al., 2016; Ash and 
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Ellis, 2012) A family was regarded as having greater financial impact if it had spent over $1,000 

on children’s healthcare services in one year.(Kogan et al., 2008; Kuo et al., 2011)  

Covariates:  

Child-level covariates:  

Child-level medical complexity measure: The Pediatric Medical Complexity Algorithm, a 

modification of the Chronic Disability Payment System, was used to identify and stratify 

children aged 0-17 by levels of medical complexity.(Simon et al., 2014) The algorithm assigns 

medical complexity levels to children according to progressiveness and malignancy of conditions 

while accounting for the number of body systems involved based on 3 consecutive years of 

medical claims data.(Simon et al., 2014) We used the more conservative version of the algorithm 

to classify children into three medical complexity levels: “Complex chronic”, if more than one 

body system was involved, or at least one condition was progressive or malignant; “Non-

complex chronic”, if only one body system was involved and the condition was neither 

progressive nor malignant; and “Non-chronic”, if the child did not meet any of the other two 

criteria.  

Other child-level covariates include children’s age, gender, and types of health insurance. 

Family-level covariates:  

Family-level medical complexity measure: Families were grouped into four categories 

according to the number of children with degrees of medical complexity: “No children with 

chronic condition”, “One child with non-complex chronic condition”, “One child with complex 

chronic condition”, and “Two or more children with non-complex chronic and/or complex 

chronic conditions”.  

Statistical Analysis 
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We used multivariate generalized linear regression to test the difference in healthcare 

utilization and expenditure between insurance plan types and between medical complexity levels, 

controlling for data years, children’s age and gender. We then used multivariate logistic 

regression to assess the likelihood of family financial impact by family complexity levels. We 

present estimates along with 95% confidence intervals (95% CI). We used P-value thresholds at 

0.001 and 0.0001. In the results below, we first present the descriptive statistics on children’s 

age, gender, medical complexity levels in addition to family complexity measures. Annual 

expenditure and utilization of healthcare services are described for the entire study sample, then 

by insurance plan types and children’s medical complexity levels.  

Results 

Demographics  

Demographics and plan characteristics are presented in Table 1. Over 7 million children 

(N=7,286,570) had at least one claim and were consistently enrolled in the same plan type from 

2012 to 2014. Most children were enrolled in a PPO plan (73.2%), followed by HMOs (11.8%), 

consumer driven plans (7.8%) and high deductible plans (7.2%) plans. The mean age was 7.5 

(SD 5.2) and 50.8% were male. The distribution of age and gender was consistent across plan 

types. Approximately 6.6% of the children had complex chronic conditions, 16.6% had non-

complex conditions and 76.8% had non-chronic conditions. When stratified by plan types, 7.1% 

of children enrolled in HMO had complex chronic conditions, the highest proportion across all 

plan types. Children came from over 4 million families (N=4,389,281). Majority of the families 

had children with no chronic conditions (67.3%). Overall, 5.3% of all families had two or more 

children with complex chronic and/or non-complex chronic conditions; and HMOs had the 

highest percentage of their families with complex chronic conditions (5.9%).  
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Healthcare services utilization 

 As shown in Table 2, among children with at least one visit of each type of service, 

children on average had at least one inpatient hospitalization (1.1, SD (0.6)) and at least one 

emergency room visit (1.4, SD (0.8)) per year.  These rates were consistent across plan types and 

medical complexity levels. Children with complex chronic conditions had more inpatient 

admissions (1.5, SD (1.4)), more mental health services visits (10.6, SD (18.8)), and more 

prescriptions filled (9.1, SD (9.6)) in a year. It is interesting to note that the number of mental 

health services visits among children with complex chronic conditions was more than double that 

of children without chronic conditions (5.9, SD (7.5)). The distribution of the number of children 

that had ever used a given service category is listed in Supplmental Table A.  

 Using a multivariate generalized linear model we assessed the impact of insurance plan 

type and children’s medical complexity levels on healthcare services utilization adjusting for 

children’s age, gender and data year. As shown in Table 3a, estimated differences between plan 
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types were small, though significant in several service categories, including emergency rooms, 

mental health services and prescription drugs. Compared to children without any chronic 

conditions, children with non-complex chronic and complex chronic conditions had significantly 

higher utilization of all health services (Table 3a). Specifically, annual rate of hospitalizations in 

children with complex chronic conditions were 41.6% higher than those without any chronic 

conditions. Visits to emergency rooms in children with non-complex chronic conditions were 

12.6% higher compared to children without any chronic conditions, and in children with 

complex chronic conditions 30.3% higher. Rate of mental health services of those with complex 

chronic conditions were close to twice of children without chronic conditions annually. Lastly, 

number of times that prescription drugs were filled in children with complex chornic conditions 

nearly tripled that in those without any chronic conditions.  

The utilization of other types of health services i.e. durable medical equipment, home 

health services, laboratory and radiologic testing, and occupational/physical/speech therapies 

(OT/PT/ST) are shown in Supplemental Tables B and C-i.  
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Healthcare services expenditure 

 Average out-of-pocket spending and cost-share are presented in Table 2. Overall, out-of-

pocket spending on children averaged $914 (SD: 1,192), $369 (SD: 478), $276 (SD: 501), and 

$101 (SD: 223), respectively, on inpatient stays, emergency room visits, mental health services 

and prescription drugs (Table 2). In all of these types of services, out-of-pocket spending was 

lowest for those enrolled in an HMO, and highest for those enrolled in HDHPs.  

The percentages of total cost of emergency room, mental health and prescription 

medications that were paid out-of-pocket by the children’s families were highest for those 

enrolled in HDHPs, followed by CDHPs, PPOs, and lowest for those in HMOs. For those in 

HDHPs, results show that on average, over 50% of total cost of emergency room services 

(52.8%, SD (42.8%)), mental health services (54.6%, SD (40.5%)), and prescription drugs 

(66.7%, SD (38.5)), were paid out-of-pocket by the children’s families. On the other hand, cost-

share for hospitalization was lowest for those in an HMO (6.9%, SD (12.6%)), versus 17% of 

total hospitalization costs for the thre other plan types studied.   

 When stratified by children’s medical complexity levels, average out-of-pocket expenses 

for children with complex chronic conditions on hospitalization ($1,304, SD (1,558)) and on 

prescription drugs ($237, SD (396)) were almost twice and four times, respectively, for children 

without chronic conditions. Children with complex conditions had the lowest cost-shares for all 

three types of services.  

 Using multivariate generalized linear models, we examined the difference in out-of-

pocket expenses (Table 3b) and cost-shares (Table 3c) between private insurance plans and 

between medical complexity levels, controlling for children’s age, gender and data years (Table 

3b). Compared to children in PPO plans, those in HMO plans had significantly lower out-of-
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pocket spending, and those in consumer-driven and high deductible plans had significantly 

higher out-of-pocket spending (Table 3b). We observe analogous pattern in cost shares of these 

services with regards to health insurance plans. On the other hand, except for emergency rooms, 

out-of-pocket expenses from hosptializations, mental health services and prescription drugs were 

significantly higher in children with complex chronic conditions compared to those without any 

chronic conditions. (Table 3b) In contrast, cost shares in all service categories for children with 

non-complex chronic conditions and those with complex chronic conditions were significantly 

lower than children with no chronic conditions (Table 3c).  

Additional healthcare expenditure for other types of services are shown in Supplemental 

Tables B, C-ii and C-iii. As expected, out-of-pocket expenses and cost-shares on these additional 

service categories were highest in high deductible plans and lowest in HMO, except in home 

health services.  

Family financial impact 

Using $1,000 as the threshold for family financial impact, 8.4% of families exceeded this 

amount on their children’s care in 2012. This percentage steadily increased over the years to 

9.6% in 2013 and 10.4% in 2014 (Table 4). By insurance plan type, only about 4% of families 

enrolled in HMOs had spent out-of-pocket over $1,000 on their children’s medical care from 

2012 to 2014, while approximately 14% of families in consumer-driven health plans and 17% of 

families in high deductible health plans had to cope with financial impact from children’s 

healthcare expenditure of over $1,000 (Table 4).  

The percentage of families that would be impacted financially due to high expenditures 

on children’s healthcare services increases as the number of medically complex children grows. 

In 2012 to 2014, while less than 7% of families of no children with chronic conditions would 
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experience financial impact, over 19% of families with two or more children with non-complex 

chronic and/or complex chronic conditions would experience such situation. Proportions of 

families that would experience such financial impact increased over the years, regardless of their 

complexity levels.  

Lastly, we used multivariate logistic regression to examine the association of insurance 

plans and family medical complexity levels with family financial impact, controlling for data 

year. As indicated in Table 5, compared to families enrolled in PPO, families enrolled in HMO 

plans were significantly less likely (OR: 0.34, 95%CI: (0.33, 0.35)) to have spent annually over 

$1,000 on their children’s medical care services, while those in consumer-driven plans (OR: 

1.69, 95%CI: (1.66, 1.72)) and high deductible plans (OR: 2.70, 95%CI: (2.66, 2.74)) were 

significantly more likely to do so. In contrast to families without any complex children, families 

with any level of complexity were significantly more likely to experience financial impact. 

Those with two or more children with complex chronic and/or non-complex chronic conditions 

were 3.63 (95%CI: (3.57, 3.69)) times more likely to pay over $1,000 on children’s medical care 

services.  
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Discussion 

Among privately-insured children with medical complexity, findings demonstrate that 

children with complex chronic conditions had higher out-of-pocket expenditure and utilization of 

most healthcare services categories, in particular on inpatient hospitalizations, mental health 
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services and prescription medications. Children with chronic complex conditions had the lowest 

cost shares. For these children, the projected rise in cost share over the next several years either 

through employee premiums, deductibles, coinsurance or copayments(Centers for Medicare and 

Medicaid Services, 2015; Gaal et al., 2014; Thomas et al., 2014) could have a negative impact on 

health service utilization and access to care, which can exacerbate health outcomes for children 

with medical complexities, and ultimately result in higher overall costs of care.  

This study contributes to the research on family financial impact experienced by 

privately-insured families of children with medical complexity.(Lindley and Mark, 2010; Kuo et 

al., 2011; Davidoff, 2004; Kuhlthau et al., 2005) As the levels of family-level complexity 

increases, proportion of families that would experience substantial financial impact increases. 

Greater financial impact was observed in more than 18% of families with two or more children 

of complex chronic and/or non-complex chronic conditions, consistent over the data years we 

assessed. As shown above, these findings are consistent with other research that has shown that 

families in high deductible health plans and who have chronic conditions have considerable 

financial burdens.(Galbraith et al., 2011) 

Parents and/or family caregivers of children with medical complexity may have to reduce 

working hours or even quit employment to take care of them.(Kogan et al., 2008; Kuhlthau et al., 

2005; Kuo et al., 2011) Although we have only assessed the family financial impact from 

children’s medical services, our findings show that families of children with medical complexity 

are about nearly 1.9 to 3.8 times more likely than those without to spend over $1,000 on 

children’s medical services annually. Future studies could further investigate the magnitude of 

family impact in terms of parents and/or caregivers’ financial, physical and mental health 
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burden. Moreover, it is salient to evaluate how strategies such as case management and medical 

homes could be implemented to alleviate such family burdens.  

Some may argue that the financial burden measures we calculate are not meaningful, 

because relatively few people have chronic, complex conditions, which we show impose the 

greatest financial burdens. This misses the point that it is precisely how well a health plan affects 

the most vulnerable that is most important to consider. A parallel argument would be that we 

don’t have to worry about the financial impact of incomplete homeowners insurance because so 

few people have their house burn down in a given year. But this is precisely the group for whom 

adequate insurance is the most important. 

Another highlight of the study is that our extremely large sample allows us to separately 

evaluate impacts of four major health plans. Results show that a similar proportions of complex 

children are found in each plan type, and that utilization conditional on complexity level is also 

fairly similar.  While healthcare utilization was constant across plan types, there were significant 

differences in out-of-pocket expenditures, with children enrolled in high deductible and 

consumer driven plans having  the highest out-of-pocket spending and probability of significant 

financial impact within a year.  

Over the past few years, higher deductibles have gradually gained in popularity for 

private insurance plans provided by employers, aiming to reduce the soaring healthcare 

expenses.. Future studies should examine in-depth the effectiveness of HDHP features at 

containing expenditure for families with children of complex medical needs.  

Roughly a third of families have at least one child with a chronic condition, consistently 

distributed across plan types. This emphasizes the concerns about healthcare expenditure and 

financial burden could be of widespread interest to all families with children, and not merely 
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families whose children are enrolled in Medicaid or Children’s Health Insurance Program. Now 

more than ever, as the healthcare marketplace expands with greater reliance on high deductible 

options, it is critical that information in the insurance marketplace be provided in plain language 

and to meet the health literacy needs of the general population. In the special case for children, 

parents and/or caregivers need to understand not only the options available to their children but 

also the implications of the health plan choice on out-of-pocket expenses.  

Strengths and Limitations 

 Strengths of our study are that using the MarketScan database, we obtained a very large 

sample size (N=7.3 million) with up-to-date data on privately-insured children’s actual 

healthcare utilization and expenditure that enabled us to examine patters with more precision 

than previous studies using less than 100,000 children. We assessed children enrolled in PPO, 

HMO, consumer-driven and high-deductible health plans, which represented approximately 85% 

of all children in the database during the study period. While most studies on health services 

utilization and expenditure in children with medical complexity focused on those enrolled in 

Medicaid or other public insurance programs, our findings contribute to the literature as it 

pertains to children enrolled in commercial insurance programs, which compose 48% of all 

children aged 0 to 18.(Kaiser Family Foundation, 2015) Moreover, we applied Pediatric Medical 

Complexity Algorithm, a publicly available algorithm, to identify children of different medical 

complexity levels, stratified by whether the conditions are chronic. This is the first study to have 

the power to compare rates of utilization across different plan types by specific types of services, 

in particular inpatient hospitalizations, emergency room services, mental health services and 

outpatient prescription medications.  
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A few limitations should be noted. The large sample size would substantially increase the power 

of any regular statistical tests, hence statistical significance should be interpreted while also 

considering whether the effects are meaningful from a policy perspective. The MarketScan data 

includes primarily very large, relatively well-insured plan enrollees, and hence may not be 

nationally representative. We only focused on those who remained in the same insurance plans 

over the study period. Change in plan types were not examined, which may result from high 

expenditure on certain services. There was also limited information on specific differences 

between plans of the same type, the amount of monthly premiums that families would need to 

pay upfront, and if the child had Medicaid as a secondary supplemental insurance program. In 

addition, we only adjusted for age and gender in the models, as the claims database did not 

include other relevant sociodemographic variables. Other critical factors that could impact 

children’s use of services include families’ income level, additional sources of financial 

assistance for medical services besides private insurance plans, etc. Lastly, given the design of 

the study, we can only demonstrate the association of insurance plan types and of family 

complexity levels with family financial impact, without implication for a causal relationship.  

Conclusion 

This study adds to the limited literature on healthcare utilization and spending among 

privately-insured children. Children with non-complex and those with complex chronic medical 

conditions had significantly higher utilization and out-of-pocket spending on hospitalization, 

mental health services and prescription medications. Their enrolling families were found to be at 

a much higher risk of experiencing financial impact due to expenses on their children’s medical 

care.  
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