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Background 

No longitudinal cohort has examined the association between adolescent weight and healthcare 

expenditures into adulthood.  

Objective 

Measure the association between adolescent weight status and healthcare expenditures in early 

adulthood. 

Methods 

This longitudinal cohort study linked students’ 10th grade weight to healthcare expenditures 

(total medical, outpatient, inpatient, emergency department, and pharmacy) during the 30th year. 

A two-part model was used to assess differences in costs within the extensive (having “any” 

spending) or intensive (amount of spending among those with spending) margins. Marginal 

effects were used to estimate the difference in healthcare expenditures at age 30 between 

individuals with heavier weight status in 10th grade (overweight, obesity, or severe obesity) 

compared to those with a healthy weight.  

 

Results 

Individuals with obesity in 10th grade had greater total annual expenditures at age 30 ($542, 95% 

CI $139-$945) compared to healthy weight individuals. Severe obesity was associated with 

higher expenditures across all outcomes (total medical $874, inpatient $159, outpatient $387, and 

pharmacy $222) compared to healthy weight individuals. Depending on the outcome, differences 

in healthcare expenditures were driven by the intensive or extensive margin, or both.  

 

Conclusions 

Heavier weight status in adolescence is associated with higher health expenditures in adulthood, 

with the highest spending among severely obese individuals. 
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1 INTRODUCTION 

Adolescence is a critical stage of development in the context of both cognitive 1,2 and physical 

changes that can have long-term health and socioeconomic consequences.3 One of the most 

common factors that can negatively affect adolescent development and lead to negative long-

term health outcomes is obesity.4 Obesity in adolescents is defined as a body mass index (BMI) 

at or above the 95th percentile for age and sex.5 The prevalence of adolescent obesity has risen 

rapidly in the past few decades with current levels (20%) almost four times higher than 40 years 

ago (5%).6 Adolescent obesity has become a major public health issue, as evidenced by one of 

the goals for Healthy People 2030 being a reduction in the proportion of adolescents with 

obesity.7  

The substantial rise in adolescent obesity is concerning given that adolescent obesity not only has 

immediate negative health impacts,8,9 but also potentially greater long-term health impacts if left 

unchecked. Adolescent obesity is a good predictor of adult obesity, because 80% of adolescents 

who are obese remain obese into adulthood.10 Obesity has significant economic consequences for 

the US. Recent estimates (2016) suggest that obesity is associated with an additional $2505 in 

medical expenditures annually (per person) and accounts for more than $260 billion in medical 

expenses each year.11 These additional expenditures are largely attributed to obesity increasing 

the probability of clinical comorbidities such as diabetes, hypertension, liver disease, cancer, 

heart disease, and mood disorders.12 

 

Given the negative health and economic consequences of adolescent obesity, there is growing 

interest in the cost-effectiveness of interventions, in particular semaglutides, to combat 

adolescent obesity.13,14 A useful metric for evaluating the cost effectiveness of particular 

interventions is the future cost of adolescent obesity. There have been several attempts to 
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estimate the direct medical costs associated with adolescent obesity.15–18 Most of the studies have 

shown higher costs for  adolescents with obesity; however, the derived cost estimates are 

primarily from population-based estimates rather than individual based data.15–17,19 Thus, 

previous cost estimates are not directly tied to the individual. In contrast to some of these earlier 

population-based approaches,18 this study uses a unique dataset to evaluate the association of an 

adolescent’s weight status on their health care expenditures into young adulthood (age 30) using 

a longitudinal population-based cohort from the Arkansas BMI panel.20  

 

2 METHODS 

 

This study was determined to be non-human subjects research by the University of Arkansas for 

Medical Sciences Institutional Review Board (#275173). 

2.1 Participants 

To study the impact of adolescent obesity on health care expenditures into young adulthood, we 

constructed a longitudinal cohort using claims data from the Arkansas All-Payer Claims 

Database (APCD) and 10th graders’ BMI data from the nation’s longest continuous statewide 

BMI screening program.20 BMI data of individual 10th graders, measured between 2004 and 

2008, were obtained from the Arkansas BMI Panel. This legislatively mandated annual screening 

program covers all K-12 public schools in the state, reaching the majority of students enrolled in 

public education, except for those who were absent, declined the weight assessment, or were not 

measured due to reasons such as pregnancy.20,21 During the assessment, a student’s height and 

weight are measured by a school nurse with the help of another adult recorder using a 

stadiometer and a digital scale. Additional details on the screening protocol are documented in 
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the Arkansas Center for Health Improvement training document entitled BMI Screening 

Program: Height and Weight Measurement Training Manual.22  

The APCD contains membership information and insurance claims from payers in Arkansas, 

including commercial and Medicaid recipients.23 The BMI data from the 10th graders was linked 

to their claims expenditure data at age 30 (ie, the full year starting on their 30th birthday) from 

the Arkansas APCD (years 2016-2023) using a de-identified personal key. We excluded 

individuals who lacked a valid BMI measurement in 10th grade, could not be linked to the 

APCD, were not between the ages of 14 and 17 in 10th grade, lacked continuous medical or 

pharmacy coverage (during  30th year), or would have been classified as underweight in 10th 

grade based on the growth charts provided by the Centers for Disease Control and Prevention 

(CDC).27Additionally, we geographically linked individuals’ county-level information (at age 

30) to access variables from the Area Health Resource File (AHRF) for 2019.24 

2.2 Outcomes of Interest 

The primary goal of this study was to compare expenditures during the 30th year among 

individuals from different weight categories during adolescence. All medical and pharmacy 

expenditures incurred between their 30th birthday and the day before turning 31 were summed 

for each individual. Expenditures were defined as the total of both the insurer’s payments and 

any out-of-pocket costs incurred by the enrollee, including copayments, deductibles, and 

coinsurance. Expenditure outcomes included outpatient, inpatient, emergency department, 

pharmacy, total medical expenditures, and total medical expenditures excluding pharmacy. 

Outpatient, inpatient, and emergency room visits were identified using definitions from the 

Health care Effectiveness Data and Information Set (HEDIS).25 Additionally, expenditures were 
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adjusted to 2023 dollars using the medical Consumer Price Index by the US Bureau of Labor 

Statistics to account for inflation.26 

2.3 Variable of Interest  

The primary variable of interest in this study was an adolescent’s weight status in 10th grade. 

Weight status for 10th graders was defined using four categories based on age and sex-specific 

𝐵𝑀𝐼 (𝑤𝑒𝑖𝑔ℎ𝑡 (𝑙𝑏. ) / [ℎ𝑒𝑖𝑔ℎ𝑡 (𝑖𝑛)]2 𝑥 703): 1) healthy weight (BMI ≥5th to <85th percentile), 

2) overweight (BMI 85th to <95th percentile), 3) obesity (BMI ≥95th to <120th percentile), and 

4) severe obesity BMI ≥120th percentile). The measurements are based on growth charts 

provided by the CDC.27 

2.4 Covariates 

Demographic covariates from the BMI panel included sex (male or female) and race/ethnicity 

(White, Black, Hispanic, and Other), and the date of birth (used to determine when an individual 

reached the age of 30). Information about insurance coverage came from the APCD (commercial 

or Medicaid). Finally, using the Area Health Resource File, we controlled for county-level 

poverty (yes or no defined by 2014 Persistent Poverty and High Poverty County Typology 

Codes), rurality (Rural/Urban Continuum Codes, or RUCA: metropolitan, urban, or rural), and 

access to health care providers (total number of medical doctors (MDs) per 1000 residents in 

each county, total number of hospitals per 1000 residents in each county, and the health provider 

shortage area (HPSA) variable (none, whole, or partial)). 

2.5 Statistical Analysis  



 
 

7 
 

Descriptive statistics were used to assess differences in covariates among individuals across the 

four weight categories. Unadjusted differences between the four weight categories were assessed 

using ANOVA and chi-square tests. Because health care expenditures are often right skewed and 

exhibit increasing variance with larger values, a generalized linear model (GLM) with a gamma 

distribution and log link was employed to model the expenditures.28  

Additionally, health care expenditures often have a large percentage of zero or null values, 

making it challenging to distinguish whether observed differences stem from the proportion of 

individuals using a resource (extensive margin) or from changes in the amount of utilization 

among those using the resource (intensive margin).29 The proportion of non-zero values was 

evaluated for each outcome to assess if the use of a two-part model would be necessary. A two-

part model assesses overall costs and includes both the extensive and intensive margins. In the 

first part, the probability of an individual incurring any expenditures is assessed using a logit 

model. This probability is then multiplied by the expected expenditures for individuals who had 

expenditures greater than zero.29,30 

After evaluating the proportion of zeros for each outcome, we conducted three separate models 

for each outcome. The first model used a two-part model for the outcome. This model produces 

estimates that account for both the extensive and intensive margins and represents our overall 

dollar difference in health care expenditures in each weight category. However, we were 

additionally interested in quantifying and assessing the significance of both the intensive and 

extensive margins separately. Thus, the second model separates the effect of the extensive 

margin by using a logit that estimates the probability of having any expenditures. We then 

calculated average marginal effects expressed as percentage points to identify differences in 

utilizing each of the health care spending categories between each weight status group. The third 
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and final model applied the gamma distribution and log link to each outcome, focusing on 

individuals with expenditures greater than zero for each of the outcome measures. The gamma 

model captures differences at the intensive margin which represents the dollar difference in 

expenditures among individuals who utilized some services within each outcome. Finally, we 

computed the adjusted percentages for each of the outcomes to estimate the percent change in 

adulthood utilization if overweight individuals in each weight category (as measured in 

adolescents) had instead been at a healthy weight in 10th grade.  

Each model followed the specification listed below.  

𝑌 = 𝛽0 + 𝛽1𝑋𝑎𝑑𝑜𝑙𝑠𝑐𝑒𝑛𝑡_𝑤𝑒𝑖𝑔ℎ𝑡 + 𝛽2𝑋𝑆𝑒𝑥 +  𝛽3𝑋𝑅𝑎𝑐𝑒 + 𝛽4𝐼𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒 + 𝛽5𝑋𝑅𝑈𝐶𝐴 + 𝛽6𝑋𝑃𝑜𝑣𝑒𝑟𝑡𝑦 

+     𝛽7𝑋𝐻𝑃𝑆𝐴 + 𝛽8𝑋𝑀𝐷_𝑝𝑒𝑟1000 + 𝛽9𝑋𝐻𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑠_𝑝𝑒𝑟1000 + 𝜀  

with 𝛽1 representing the primary coefficient of interest which indicates the difference in the 

specified outcome among the four weight categories.  

Data pre-processing was conducted in SAS 9.4, and statistical analysis was completed in STATA 

14. Estimates are reported as average marginal effects and calculated using the margins, dydx(*) 

command.31 Standard errors are clustered at the county level.  

3 RESULTS 

There were 124 392 10th graders measured from 2004 to 2008 calendar years who had a valid 

BMI measurement. Of those, 121 451 (97.6%) were between the ages of 14 and 17 in the 10th 

grade and had no missing demographic information. For these individuals, 96 204 (79%) were 

successfully matched to enrollment records in the APCD in their age 30 year and 31 577 (33%) 

of the matched records were continuously enrolled in both medical and pharmacy coverage for 
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that year (Figure 1). Underweight adolescents were excluded because they are not representative 

of the population of interest and underweight individuals represented just over one percent of our 

population (n=413). Among the final sample, 18 366 (58.9%) had a healthy weight status in 10th 

grade, 4174 (13.4%) were overweight, 5631 (18.1%) had obesity, and 2993 (9.6%) had severe 

obesity. Our unadjusted differences indicate that our sample significantly differs by all covariates 

based on 10th grade weight status except for the year in which one turned 30 (P = .167) (Table 

1). 

The majority of individuals had at least some outpatient (81.0%) or pharmacy expenses (72.4%), 

but a minority of participants had an emergency department (22.2%) or inpatient expense (8.9%) 

(Table 2). When examining the differences in the percentage of individuals with at least some 

expenses across outcome measures, only emergency department (P < .001) and pharmacy 

expenses (P = .017) significantly varied by 10th grade weight status (Table 2). Notably, there 

was a gradient relationship between the probability of having emergency department expenses 

with increases in weight status in 10th grade, meaning the heavier the weight status in 10th grade 

the greater the probability of incurring at least some emergency department expenditures (Table 

2). Specifically, 20.4% of those with healthy weight in 10th grade had emergency department 

spending during the 30th year, compared to 23.9% of those who were overweight, 24.0% of those 

who had obesity, and 27.3% who had severe obesity. However, with pharmacy expenditures, the 

relationships are less clear because individuals who had obesity in 10th grade had a lower 

probability of having pharmacy expenses than individuals who had a healthy weight in 10th 

grade (71.6% obesity vs. 72.0% healthy).  However, individuals who had severe obesity in 10th 

grade had a higher probability of having had at least some pharmacy expenses compared to those 
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who had a healthy weight in 10th grade (73.5% severe obesity vs. 72.0% healthy) (P = .017) 

(Table 2).  

The two-part model indicates a significantly higher annual expenditure (total medical plus 

pharmacy) at the age of 30 for those who had obesity ($540; P < .001) or severe obesity ($874; P 

< .001) compared to individuals who were healthy in 10th grade (Table 3). Similarly, higher 

expenditures were observed in the two-part model for total medical (obesity $414, P < .001; 

severe obesity $669, P < .001) and outpatient expenditures (obesity $249, P < .001; severe 

obesity $387, P < .001). 

To determine if the differences in our two-part model were predominantly driven by the 

extensive or intensive margin (or both), we estimated two additional separate models for each 

outcome (Table 3). For total medical and outpatient expenses, we saw significant differences in 

the extensive margin and intensive margin for those who had obesity or severe obesity in 10th 

grade compared to individuals who were healthy in 10th grade. The model assessing differences 

in the extensive margin indicated that the probability of having any medical or outpatient 

expense is significantly higher for individuals who had obesity (2 percentage points (PP) more 

likely for both outcomes, total medical: P = .008 and outpatient: P = .003) or severe obesity (3 

PP more likely for both outcomes, total medical: P < .001 and outpatient: P < .001) compared to 

individuals who were healthy in 10th grade (Table 3). In the GLM models, including only 

individuals who had at least some expenses for each outcome, the models indicated that on 

average individuals who had had obesity or severe obesity had higher total medical (obesity 

$426, P = .005; severe obesity $652, P = .001) and outpatient expenses (obesity $257, P < .001; 

severe obesity $383, P < .001).  
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The two-part model also indicates significantly higher emergency department expenses for all 

heavier weight categories (overweight, obesity, severe obesity). However, the difference in 

emergency department expenses in adulthood appears to be driven primarily by the higher levels 

of utilization among adults who had a heavier weight status in 10th grade with each heavier 

weight category having an additional percentage point greater probability of incurring at least 

some emergency department expense compared to individuals who had a healthy weight in 10th 

grade (overweight 2 PP (P < .001), obesity 3 PP (P < .001), and severe obesity 4 PP (P < .001) 

greater). Additionally, the two-part model indicates significantly higher inpatient expenses for 

individuals who had severe obesity ($159; P = .039) compared to individuals who had a healthy 

weight in 10th grade. However, the difference in inpatient expenses is driven by individuals who 

had at least some inpatient expenses. Individuals who had severe obesity in 10th grade, if 

hospitalized, spent on average an additional $1715 (P < .001) in inpatient expenses at the age of 

30 compared to individuals who reported a healthy weight in 10th grade.  

Finally, the two-part model for pharmacy expenses indicates that individuals who had an 

overweight ($83; P = .024), obesity ($84; P = .048), or severe obesity ($222; P < .001) status in 

10th grade had higher pharmacy expenses at age 30 than individuals who had a healthy weight in 

10th grade. In addition, our model assessing differences in the extensive margin also indicates a 

greater probability of having some pharmacy expenses (at the age of 30) for all heavier weight 

statuses in 10th grade (2 PP for overweight (P < .003) or obesity (P = .012) and 5 PP greater for 

severe obesity (P < .001)). However, only severe obesity shows a significant difference among 

those who had some expenses with a $233 (P = .002) higher expense (at the age of 30) compared 

to individuals with a healthy weight status in 10th grade.  
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Using the extensive models, we calculated the adjusted means to show the adjusted percentage of 

individuals utilizing each service (Table 4). Using the adjusted mean from Table 4 and the 

average marginal effect in Table 3, we computed a counterfactual or the percent change in 

utilization that could have occurred for a given outcome if the individual’s weight status in 10th 

grade had been healthy. 

For example, if individuals with severe obesity in 10th grade had a healthy weight status, we 

would expect an approximate reduction of 4.0 percentage points in emergency department usage 

(Table 3). Thus, we would have expected a 17% reduction when considering the absolute 

difference (-4.0) relative to the adjusted rate (23.5) in the utilization of emergency department 

services at the age of 30 among individuals who had severe obesity in 10th grade had these 

individuals been healthy weight in 10th grade. This percent change counterfactual can be applied 

with any of the additional weight categories and outcomes to construct the hypothetical change 

in utilization of services that could occur were policies or interventions successfully 

implemented to improve individuals’ weight status in 10th grade.  

4 DISCUSSION 

This study used longitudinal data combining insurance claims data from a statewide APCD and 

the nation’s oldest continuous statewide BMI screening program20 to assess whether a student’s 

10th grade weight status is associated with their future health care expenditures at the age of 30. 

We found that a student’s 10th grade weight status was associated with their health care 

expenditures at the age of 30 with a general upward pattern, meaning the higher the weight status 

in 10th grade the higher health care expenditures for most health care outcomes.  
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Previous studies have estimated the future cost of adolescent obesity.15–17,19 However, our study 

has several advantages over previous reports. This study used a longitudinal cohort that 

generated health care expenditures in recent years (2016-2023). Most previous studies used 

census or national-level data to simulate future expenses, but our estimates are calculated by 

using data for the same individual in adolescence and young adulthood enhancing confidence in 

the expenditure estimates associated with adolescent weight status.18 We also classified obesity 

and severe obesity as separate categories, which is another advantage of our study. Based on our 

results, we can see that adolescents who had severe obesity incur even higher future expenses 

than adolescents with obesity when compared to adolescents with healthy weight for all 

outcomes. Furthermore, previous use of only one category of obesity could have resulted in a 

null result for certain outcomes that would have had been associated with severe obesity. For 

example, our results indicate no significant association between a 10th grader having obesity and 

their inpatient expenses at the age of 30. However, individuals who had severe obesity in the 

10th grade had, on average, $159 more in inpatient expenses at the age of 30 than individuals 

who had a healthy weight status in the 10th grade.  

In addition, the inclusion of severe obesity as a separate category allowed us to show a gradient 

trend in increased expenditures and utilization with increases in weight. For example, we found 

even higher annual expenditures at the age of 30 associated with severe obesity compared to 

obesity in 10th grade for total medical care ($874 vs $540), total medical excluding pharmacy 

($669 vs $414), outpatient ($387 vs $249), and pharmacy ($222 vs $84).  

 Finally, our study generated marginal effects for both the two-part model and the individual 

components of a two-part model. The advantage of our evaluation approach and design is that we 

can determine whether the primary driver of cost differences is due to the a greater number of 
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individuals using a service (extensive) or due to the level of utilization among those using the 

resource (intensive) among our weight categories (overweight, obesity, and severe obesity) 

compared to individuals who had a healthy weight in 10th grade. For example, our results 

indicate that among emergency department expenses, most of the cost difference observed in our 

two-part model is driven by the extensive margin.  In other words, the primary reason emergency 

department expenses are higher for individuals who had heavier weight categories (overweight, 

obesity, or severe obesity) is because a greater percentage of individuals in heavier weight 

categories had emergency department care at least once in their 30th year of life. On the other 

hand, if we look at inpatient expenses, we see no significant difference in the extensive margin, 

the proportion hospitalized, between individuals who had severe obesity or a healthy weight in 

10th grade, but we do see $1715 higher annual expenditures at the intensive margin, for those 

hospitalized. Put another way, there is not a significant difference in the percentage of 

individuals using inpatient services among weight classes, but among those who are using 

inpatient services, those who had severe obesity in 10th grade will have higher spending than 

those who had a healthy weight.   

Furthermore, we show that total medical and outpatient expenses at the age of 30 have 

significant differences in both the extensive and intensive margins for individuals who had 

obesity or severe obesity in 10th grade compared to individuals who had a healthy weight. Thus, 

cost differences between the weight categories are driven by a greater percentage of individuals 

having outpatient expenses and due to individuals having outpatient expenses spending more on 

average. The same pattern is observed for total medical expenses, which is likely due to 

outpatient expenses being the primary drivers of medical expenditures at the age of 30. Finally, 

pharmacy expenses indicate significantly higher expenses annually for individuals with higher 
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weight categories ($83 for overweight, $84 for obesity, and $224 for severe obesity). Most of the 

difference in cost is driven by a greater percentage of individuals (extensive margin) having at 

least some pharmacy expenses at the age of 30. However, for individuals who had severe obesity 

in 10th grade, there is also $235 higher annual spending among those who have at least some 

pharmacy expenses (intensive margin).  

Our study only examines individuals’ health care costs at age 30. Obesity is clearly associated 

with many chronic conditions, including hypertension, diabetes, and cardiovascular disease, the 

full cost of which does not manifest during our observation period.32 The differentials observed 

at age 30 among individuals who had excessive weight in the 10th grade can be expected to 

increase over time33 and when considered cumulatively. Ongoing assessments are needed to 

adequately provide differential costs associated with obesity to better inform and guide future 

interventions. Our findings could inform cost-benefit analyses for existing and new obesity 

treatment strategies. 

4.1 Limitations 

Arkansas has among the lowest health care costs per capita and one of the highest proportions of 

Medicaid enrollees in the nation.35,36 Therefore, our findings may not be generalizable to other 

populations and are likely to be lower-bound estimates given the higher proportion of Medicaid 

insurance at age 30 among the adolescents with obesity and severe obesity. In addition, we do 

not know what drives the difference in cost within some of our outcomes. For example, we do 

not know what factors (such as procedures, length of stay, or severity of illness) may drive the 

observed $1715 difference in inpatient expenses (at the age of 30) among those who had some 

inpatient expenses for individuals who had severe obesity in 10th grade compared to individuals 
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who had a healthy weight in 10th grade. In addition, because this is an association-based study, 

there is potential for residual confounding to influence our results.37 

4.2 Conclusions 

The heavier the weight status in 10th grade, the higher one’s health care expenditures into young 

adulthood. Given that in 2021, the prevalence of adolescents that were overweight or had obesity 

exceeded 40% for all 50 states,38 there is great potential for health care expenditure reduction if 

weight reduction polices were successfully implemented during or before adolescence. 

Conversely, failure to limit increases in adolescent obesity portends increasing financial strains 

on the U.S. healthcare system. For these changes, the cost difference between weight categories 

may be driven by the extensive or intensive margin or both. Thus, given the clinical and cost 

implications of obesity into young adulthood, continued efforts should aim to address the 

epidemic rates of adolescent obesity. 
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Table 1. Descriptive statistics comparing covariates based on adolescent weight classification. Chi-square tests used 

for qualities variables and ANOVA used for continues variables. 

Variable Healthy 

(n=18,366) 

Overweight 

(n=4,174) 

Obesity 

(n=5,631) 

Severe Obesity 

(n=2,993) 

X2 or 

ANOVA 

Demographics      

Race/Ethnicity     

0.001 

   White 77.7% 73.4% 74.1% 67.9% 

   Black 17.6% 21.2% 20.7% 27.8% 

   Hispanic 3.2% 4.2% 3.9% 3.5% 

   Other 1.5% 1.2% 1.3% 0.9% 

Sex      

   Female 60.0% 61.0% 51.0% 50.0% 
0.001 

   Male 40.0% 39.0% 49.0% 50.0% 

Insurance      

   Commercial 48.9% 44.5% 43.2% 36.2% 
0.001 

   Medicaid 51.1% 55.5% 56.8% 63.8% 

RUCA       

   Metropolitan 61.7% 58.1% 57.1% 54.7% 

0.001    Urban 34.2% 37.4% 38.3% 40.1% 

   Rural 4.2% 4.5% 4.6% 5.2% 

Poverty      

   Yes 34.6% 36.4%% 37.0% 42.2% 
0.001 

   No 65.5% 63.6% 63.0% 57.8% 

Year most expenses 

incurred 

    
 

   2017 3.0% 3.0% 3.4% 3.6% 

0.014 

   2018 15.0% 15.7% 15.1% 15.5% 

   2019 19.1% 17.2% 18.2% 18.7% 

   2020 20.3% 19.5% 20.7% 20.1% 

   2021 20.7% 21.1% 21.5% 20.9% 

   2022 18.8% 20.0% 17.4% 17.9% 

   2023 3.1% 3.5% 3.7% 3.3% 

Access      

Health Professional 

Shortage Area 

    
 

   None 21.9% 22.1% 22.9% 22.9% 

0.001    Whole 5.7% 6.2% 6.7% 7.6% 

   Some 72.4% 71.7% 70.4% 69.4% 

Number of Hospitals 

(per 1000) 

0.034 0.034 0.034 0.036 
0.001 

Number of MDs (per 

1000) 

2.15 2.10 2.01 2.01 
0.001 
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Table 2. Unadjusted percent of population that had some expenses for each outcome. Chi-square test used to 

compare proportions. 

Expense type Healthy Overweight Obesity Severe 

Obesity 

X2 

Total expenses 

(medical and 

pharmacy) 

85.7% 86.8% 85.3% 86.1% 0.112 

Total expenses 

medical only 

81.9% 82.8% 82.0% 83.1% 0.199 

Total outpatient 80.8% 81.5% 81.0% 81.9% 0.365 

Total pharmacy 72.0% 73.8% 71.6% 73.5% 0.017 

Total emergency 

department 

20.4% 23.9% 24.0% 27.3% 0.000 

Total inpatient 9.1% 8.9% 8.3% 8.7% 0.428 
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Table 3. Differences in healthcare outcomes at age 30, based on weight classification in 10th grade, when compared 

to those who had a healthy weight in 10th grade. Outcomes are expressed as average marginal effects in all three 

models. 

 Two Part Modela  Extensiveb     Intensivec 

 Coef  95%CI p coef 95%CI p coef 95%CI p 

Total 

Medical           

Overweight 191 (-82,462) 0.171 0.01 (0.00,0.02) 0.022 156 (-155,467) 0.326 

Obesity 540 (208,871) 0.001 0.01 (-0.01,0.02) 0.113 577 (198,956) 0.003 

Severe 

Obesity 
874 (467,1280) 0.001 0.02 (0.01,0.03) 0.001 883 (423,1343) 0.001 

Total 

Medical  

Excluding 

Pharmacy  

         

Overweight 104 (-102,311) 0.321 0.01 (-0.01,0.02) 0.097 84 (-162,330) 0.502 

Obesity 414 (162,667) 0.001 0.02 (0.01,0.03) 0.008 426 (127,725) 0.005 

Severe 

Obesity 
669 (360,978) 0.001 0.03 (0.02,0.05) 0.001 652 (291,1012) 0.001 

Emergency 

Department 
         

Overweight 15 (7,23) 0.001 0.02 (0.01,0.04) 0.001 21 (-8,51) 0.152 

Obesity 26 (16,36) 0.001 0.03 (0.01,0.04) 0.001 62 (26,97) 0.001 

Severe 

Obesity 
25 (14,37) 0.001 0.04 (0.03,0.06) 0.001 32 (-5,68) 0.086 

Inpatient          

Overweight -20 (-117,76) 0.679 -0.01 (-0.01,0.01) 0.312 229 (-404,863) 0.479 

Obesity -53 (-161,56) 0.344 -0.01 (-0.01,0.01) 0.468 -217 (-927,493) 0.549 

Severe 

Obesity 
159 (8,310) 0.039 0.01 (-0.01,0.01) 0.962 1715 (761,2669) 0.001 

Outpatient          

Overweight 83 (-15,182) 0.099 0.01 (-0.01,0.02) 0.153 81 (-37,199) 0.178 

Obesity 249 (129,369) 0.001 0.02 (0.01,0.03) 0.003 257 (113,400) 0.001 

Severe 

Obesity 
387 (240,533) 0.001 0.03 (0.02,0.05) 0.001 383 (210,556) 0.001 

Pharmacy          

Overweight 83 (11,156) 0.024 0.02 (0.01,0.03) 0.003 87 (-10,185) 0.080 

Obesity 84 (1,167) 0.048 0.02 (0.01,0.03) 0.012 91 (-21,203) 0.114 

Severe 

Obesity 
222 (111,334) 0.001 0.05 (0.03,0.06) 0.001 233 (88,379) 0.002 

a. Two-part model, which takes into account both the probability of having any expense and the dollar difference 

among those who had some expenses. Coefficients expressed as the annual dollar difference between the weight 

status compared to healthy individuals in the 10th grade. b. Model that used a logistic regression to predict the 

probability of having some expense for the given outcome. Coefficients are expressed as percentage point 

differences. c. Model that used a GLM with a gamma distribution to estimate the difference among participants who 

had at least some expenses for each outcome. Coefficients expressed as the annual dollar difference between the 

weight status compared to healthy individuals in the 10th grade.  
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Table 4. Adjusted percentages for each healthcare outcome by weight classification in 10th grade. 

Expense type Healthy Overweight Obesity Severe Obesity 

Total expenses 

(medical and 

pharmacy) 

86.6% 87.7% 87.5% 88.7% 

Total expenses 

medical only 

82.8% 83.8% 84.5% 86.0% 

Total outpatient 81.6% 82.5% 83.5% 84.9% 

Total pharmacy 73.3% 75.3% 75.1% 78.0% 

Total emergency 

department 

19.2% 21.7% 22.0% 23.5% 

Total inpatient 7.8% 7.4% 7.5% 7.8% 

 


