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Highlights 

• Health-related behavior has known effects on medical expenditures  

• The effects of patterns of health-related behavior on expenditures are 

unknown  

• Increasing conformity to the Patterns of Adapting to Health (PATH) 

directly and indirectly influence medical expenditures through 

effects on sex and age. 

• Age and sex effects on medical expenditures are partly due to PATH 

effects 

• Total PATH effects on medical expenditures are comparable to the 

impacts of obesity 

Abstract 

Sex and age are valid predictors of medical expenditures. Recent research has identified the Patterns of 

Adapting to Health (PATH) as valid predictors of medical expenditures after controlling for sex and 

age.  However, indirect effects of patterns of health-related behavior on medical expenditures remain 

unexplored.  Equating patterns of health-related behavior to attractors within a phase space defined by 

multidimensional health behavior, this study explored the direct and indirect effects on population 

medical expenditures as participant health-related behaviors increasingly conform to these patterns. 

The study utilized a sample of 3,955 adult health plan members aged 18 to 64. Self-reported health-

related behaviors were captured with a short inventory obtained from a mail survey. One year’s total 

allowed medical claims, age, and sex where drawn from member records. Inventory data were used to 

assign participants to one of the nine PATH. Computed posterior probabilities of pattern assignment 

assessed participant’s degree of conformity to all nine of the patterns. Multiple regression analysis was 

used to decompose pattern conformity direct and indirect effects on total medical claims. Six of nine 

patterns had positive direct effects on medical claims with increasing conformity to the patterns after 

controlling for sex and age; other patterns had only indirect effects via sex, via age, or via sex and age.  

Largest total effects on medical claims were associated with increasing conformity to one pattern with 

mean per person expenditure comparable to 82-year-old obese females.  Results suggest that health be-

havioral effects on population medical expenditures extend beyond specific behaviors to larger patterns 

of health-related behavior exerted directly and indirectly through sex and age.  

 

JEL classifications: C1; C3; I1; Y4 
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Health-related behavior has been linked to both di-

rect and indirect effects on medical expenditures. 

Frequent healthcare seeking behavior has been 

shown to directly increase medical costs (Koskela, 

Ryynanen, & Soini, 2010; Morriss, Kai, Atha, Avery, 

Bayes, Franklin, et al., 2012). Avoiding or delaying 

healthcare has been associated with decreased 

health service use (Green, Polen, Leo, Janoff, Ander-

son, Weisner et al., 2010; Rupper, Konrad, Garrett, 

Miller, & Blazer, 2004).   

 Multiple domains of health-related behavior 

such as poor diet or sedentary behavior impact med-

ical expenditures indirectly by contributing to 

chronic disease (Thorpe, Ogden, & Galactionova, 

2010).  A lack of physical activity and poor dietary 

habits impact medical expenditures by contributing 

to higher BMI, obesity (de Rezende, Rey-López, 

Matsudo, & do Carmo Luiz, 2014; Jacka, Sacks, Berk, 

& Allender, 2014) and cardiovascular disease 

(Guijing Pratt, Macera, Zhi-Jie, & Heath, 2004).  

 Health-related behavior indirectly influences 

medical expenditures through impacts on aging 

(Hobbs & Fowler, 2014; Stewart, 2004).  Smoking 

contributes to depression and anxiety disorders 

(Jamal, Does, Penninx, & Cuijpers, 2011) advancing 

biological aging (Mitsumune, Senoh, Nishikawa, 

Adachi, & Kajii, 2009; Wolkowitz, Epel, Reus, & 

Mellon, 2010) further contributing to increased med-

ical expenditures (Bertakis & Azari, 2010; Nakamu-

ra, Okamura, Hayakawa, Kanda, Okayama et al., 

2010).  Physical activity, on the other hand, slows 

biological aging (Boyland, 2008) and the subsequent 

growth of medical expenditures (Ackermann, Wil-

liams, Nguyen, Berke, Maciejewski, & LoGerfo, 

2008; Brown, Hockey, & Dobson, 2008; Katzmarzyk, 

Gledhill, & Shephard, 2000).   

Patterns of Health-Related Behavior 

 Cluster-based studies of health-related behaviors 

consistently identify different numbers of patterns 

underlying those behaviors (Palsdottir, 2008; Rovni-

ak, Sallis, Saelens, Frank, Marshall, Norman, et al., 

2010; Schneider, Huy, Schuessler, Diehi, & Schwarz, 

2009).  Patterns of health-related behavior identified 

via cluster analysis have been shown to directly  

influence health and contribute to morbidity and 

mortality (Chang, Lu, Lan, & Wu, 2013; Charreire, 

Casey, Salze, Kesse-Guyot, Simon, & Chaix et al., 

2010).     

 A number of indirect influences between 

patterns of health-related behaviors and medical 

expenditures can be hypothesized. Patterns of 

health-related behavior have been linked to disor-

ders associated with aging (Axén, Bodin, Berg-

ström, Halasz, Lange, Lövgren et al., 2011; Char-

reire et al., 2010; Verger, Lions, & Ventelou, 2009) 

leading to increased medical expenditures (Choi, 

Lee, Matejkowski, & Baek, 2014; Finkelstein, Fiebel-

korn, & Guijing, 2003; Xuemei, 2004). Likewise, 

cluster-based research has found that females and 

males tend to cluster into different health-related 

behavior patterns (Charreire et al., 2010; Schneider 

et al., 2009) which may therefore account for a por-

tion of the medical expenditure differences between 

males and females (Alemayehu & Warner, 2004; 

Bertakis & Azari, 2010; CHS, 2012; NHED, 2012).  

Complex Adaptive Systems Theory 

 Complex systems theory has been used to inter-

pret the patterns at the center of clustered groups as 

self-organized behavior around attractors with clus-

ter group membership defining the basins of attrac-

tion (Mandara, 2003).  Complex adaptive systems 

theory applied to explaining population health 

(Jayasinghe, 2011) has characterized a population of 

interacting individuals as adapting to a local envi-

ronment driven by health-related micro-motives. 

The population as a whole, however, demonstrates 

macro-level behavior characterized by emergent, 

self-organized patterns (Miller & Page, 2007).  Rela-

tive to clustered groups, the centroids have been 

argued to represent the self-organized emergent 
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macro-behavior of a population system as a whole 

located on the attractors with individuals residing at 

different distances from each cluster group center 

(Ben-Israel & Iyigun, 2008; Boguslauskas & Adlytė, 

2010). Individuals thus conform to the characteris-

tics of the attractors at the center of each cluster 

group to different degrees (Hidayat, Shakaff, Ah-

mad, & Adom, 2010).  This increasing conformity 

have been shown to impact medical expenditures 

directly (Navarro, 2014). 

 The purpose of this study was to explore the to-

tal effects of adult increasing conformity to patterns 

of health-related behavior on medical expenditure 

levels by hypothesizing the existence of both direct 

and indirect effects. Indirect effects were hypothe-

sized to exist by way of the pattern associations  

with sex and age. Thus, the total effect of patterns of 

health-related behavior on medical expenditures 

would consist of both direct and indirect effects via 

sex and age.  

 The method of decomposing correlations be-

tween variables into direct and indirect effects is 

path analysis (Alwin & Hauser, 1975). Path analysis 

uses the outputs of staged multiple regression anal-

yses to separate direct and indirect effects of multi-

ple predictors on a criterion variable (Aremu & 

Lawal, 2009; Bond & Ng, 2004).   

 

Methods 

Participants 

 A random sample of 4,032 adult members with 

ages 18 to 64 of a Florida health insurance plan were 

drawn from a larger archival data set of 6,917 cases 

(BCBSF, 2004).  The data set included adult member 

responses to measures of health-related behavior to 

a mailed questionnaire from 2003 linked to mem-

ber’s records and historical claims history. After da-

ta cleaning and removal of univariate and multivari-

ate outliers (Tabachnick & Fidell, 2007) the sample 

size was reduced to 3,955 cases.  The sample was 

weighted to reflect the sex and age composition of 

the adult Florida population in 2003. 

Measures 

 Age and Sex. Member age in years and sex were 

drawn from member records. Sex was dummy cod-

ed with females coded as “1” and males coded as 

“0”.  

 Total Medical Claims. Medical claims from 2001 

were extracted from member medical records and 

summed to represent total claims in U.S. dollars.  

The total claims variable was normalized using a 

log10 transformation (Bertakis & Azari, 2010). 

 Patterns of Adapting to Health. Member health-

related behaviors were assessed using the first 15 

items of the Patterns of Adapting to Health (PATH) 

Inventory (Navarro, 2011). The PATH Inventory 

measures adult agreement or disagreement with a 

set of statements describing behavioral responses 

to different health-related contexts using five point 

Likert-type items. The face validity of the PATH 

Inventory items has been supported by many 

healthcare research professionals who have ap-

plied the PATH Inventory since 1988. The invento-

ry items are posited to capture adaptive behavioral 

tendencies represented in language (Navarro, 2013; 

2015) to health-related contexts previously shown 

to effect medical expenditures. Such heath-related 

contexts include health information seeking 

(Liechty, 2011), participation in vigorous physical 

activity (Ackermann, Williams, Nguyen, Berke, 

Maciejewski et al., 2008), attention to nutrition in-

formation (Murray, 1994), healthcare seeking 

(Bhatia. & Cleland, 2001) or avoidance (Green et 

al., 2010), responsibility for family health (Basu & 

Meltzer, 2005), concern about healthcare costs 

(Zivin, Ratliff, Heisler, Langa, & Piette, 2010), and 

beliefs around the competence of physicians (Thom 

& Pawlson, 2004).   

 A single variable with values 1 through 10 

identifies a participant’s classification into one of 
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the nine PATH and a no pattern group. The PATH 

were previously validated across different U.S. 

geographic regions (Navarro, 1990).  Prior re-

search has associated the PATH with small effects 

on self-reported health service use (Navarro, 1988) 

and health service use of seniors (Navarro, 1999).   

Pre-Analysis 

 Multiple Regression Analysis. Evaluating the 

predictive effects the PATH Inventory measures 

on medical expenditures was accomplished 

through a single standard multiple regression 

analysis. The 15 PATH Inventory measures were 

regressed on normalized total medical claims 

while controlling for sex and age.   

 Discriminant Function Analysis. Calculable esti-

mators of central pattern tendencies are a case’s 

Euclidean distance from group centroids (Dixon & 

Brereton, 2009) or posterior probabilities 

(Carvalho & Lawrence, 2008; Klecka, 1980). Poste-

rior probabilities increase as cases approach and 

increasingly conform to a cluster group’s central 

pattern (e.g., centroid) as compared to Euclidean 

distances which decrease.  Of the two measures, 

the posterior probabilities were selected to better 

reflect the effects of increasing proximity to group 

central patterns on increasing medical claims 

(positive correlation) or decreasing medical claims 

(negative correlation).  

 Posterior probabilities of PATH group mem-

bership were obtained through a standard discri-

minant function analysis (DFA), where the PATH 

Inventory items were entered as independent vari-

ables and the PATH nominal group codes entered 

as the grouping variable (Tabachnick & Fidell, 

2007).  The obtained posterior probabilities of 

PATH group membership were subsequently en-

tered into each multiple regression analysis repre-

senting the effects of each PATH as participant’s 

pattern of response to the inventory measures in-

creasingly conformed to each PATH.  

 
Primary Analysis  

 Stepped Multiple Regressions and Path Analysis. 

Following procedures described by Pedhazur 

(1982), three multiple regression analyses were used 

to decompose predictor direct and indirect effects 

on total medical claims described by the following 

equations: 

1) Sex2 = a + β2PXP + e2 

2) Age3 = a + β32X2 + β3PXP + e3 

3) Total medical claims4 = a + β42X2 + β43X3 + β4PXP + 

e4 

where: 

• a = constant 

• XP = participant posterior probabilities of PATH 

group membership 

• X2 = sex 

• X3 = age in years 

• X4 = total medical claims 

• β2P = the direct effect of PATH on sex 

• β32 = the direct effect of sex on age 

• β3P = the direct effect of PATH on age 

• β42 = the direct effect of sex on total medical 

claims 

• β43 = the direct effect of age on total medical 

claims 

• β4P = the direct effect of PATH on total medical 

claims 

• ei = error terms 2 through 4 

 These multiple regression equations are depict-

ed in Figure 1. Beta coefficients derived from these 

multiple regressions were used to decompose the 

correlation between participant posterior probabili-

ties of PATH group membership and total medical 

expenditures into direct and indirect effects (Figure 

2).  This was a partial path analysis because correla-

tions between the posterior probabilities of each 

PATH were left unanalyzed due to the complexity 

of accounting for their multiple indirect effects. 

 Statistical analyses were conducted using PSPP 

(2007) and SPSS (IBM SPSS, 2012) at p < .001 to min-
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Figure 1 

Figure 1. Analytic model specifying the beta coefficients obtained from three standard multiple re-
gression analyses. In all multiple regressions, participants in the “no pattern” group were used as the 

control group. In the first multiple regression (1) the nine PATH posterior probabilities are regressed 

on sex.  From this multiple regression nine beta coefficients (β2P) identify the linear effects of each 
PATH posterior probabilities on sex while controlling for the effects of the remaining PATH. In the 

second multiple regression (2) the nine PATH posterior probabilities and sex are regressed on age in 

years.  From this second multiple regression nine beta coefficients (β3P) each identify the linear effects 
of specific PATH posterior probabilities while controlling for sex and the remaining PATH, and the 

sex beta coefficient (β32) identifies the linear effect of sex on age controlling for the PATH effects. In 

the third multiple regression analysis the nine PATH posterior probabilities, sex, and age are re-
gressed on normalized total medical claims. The beta coefficients obtained from this analysis include 

the nine PATH posterior probabilities predicting medical claims (β4P), a beta for sex predicting medi-

cal claims (β42), and a beta for age predicting medical claims (β43) while controlling for the effects of 

remaining variables in the equation.   

imize familywise error.  Assuming a minimal effect 

size of R2 = .012 (Navarro, 1988), twelve independent 

variables, and the available sample size, the power 

of the test (1 - β) was near 1.0 (Faul, Erdfelder, Buch-

ner, & Lang, 2009).  While some warn that too high 

power may result in trivial findings (Tabachnick & 

Fidell, 2007), the use of an extremely strict p-value 

served to minimize this.  

Results 

 Descriptive statistics by sex, membership in 

the PATH, mean age and mean total medical claims 

were calculated and shown in Table 1.  Means and 

standard deviations for the measures of health-

related behaviors were calculated and shown in Table 

2. The skewness and kurtosis statistics indicated that 

the responses to the measures of health-related be-

havior satisfied or near satisfied assumptions of nor-

mality. The health behavioral characteristics of each 

PATH are shown in Table 3 using the measures of 

health-related behavior expressed as mean T-scores. 

PATH Associations with Sex and Age 

 The associations between PATH and sex and 

PATH and ages were tested to determine if the as-

sumption of possible PATH indirect effects on medi-
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Figure 2 

Figure 2. Path Analysis. According to Pedhazur (1980), the correlations between the PATH and total 
medical expenditures (rP4) can be decomposed into direct and indirect effects. The beta coefficients ob-
tained from the three multiple regression analyses described in Figure 1 were used to obtain these 
effects as follows: the direct effect of each PATH on total medical claims is identified by the beta (β4P), 
the indirect effect of each PATH on total medical claims via effects on sex is identified by the product 
of two betas (β42 · β2P), the indirect effects of each PATH on total medical claims via effects on age is the 
product of two betas (β43 · β3P), with the remaining PATH effects on medical expenditures coming via 
PATH effects on sex, sex effects on age, and age effects on total medical claims (β43 · β32 · β2P).   

cal claims through them was justified. A cross-

tabulation analysis of the two nominally-coded vari-

ables returned a statistically significant chi square, χ2 

(9, n = 3,955) = 54.8, p < .0001, Cramer's V = .12, sup-

porting the association of sex and PATH member-

ship. A one way ANOVA comparing mean age 

across the PATH also supported the association be-

tween PATH membership and age, F(9, 3945) = 15.3, 

p < .0001, ω2 = .032 (Table 4). 

Health-Related Behaviors Predicting Total Medical 

Claims 

 The PATH Inventory measures of health-

related behavior regressed on normalized total med-

ical claims were statistically significant, F(15, 3939) = 

17.7, p < .0001, R2 (Adjusted R2) = .06(.06) and after 

controlling for age and sex. F(17, 3937) = 28.3, p 

< .0001, R2 (Adjusted R2) = .11(.10).  Six of the 15 

PATH Inventory measures were found to have sta-

tistically significant effects on total medical claims 

after controlling for age and sex as reported in Table 

5.  

Calculation of Posterior Probabilities of PATH Group 

Membership 

 The absence of univariate and multivariate out-

liers from the data and the near normality of the inde-

pendent variables satisfied the major assumptions of 

discriminant function analysis (Tabachnick & Fidell, 

2007). The first canonical discriminant function was 

significant (λ = .05, χ2 [126, Weighted N = 3,945] = 

12,114.45, p < .0001, canonical R = .76) as was the sec-

ond canonical discriminant function (λ = .11, χ2 [104, 

Weighted N = 3,945] = 8,714.60, p < .0001, canonical 

R = .71).  Remaining discriminant functions were sig-

nificant at p < .001 and accounted for diminishing 

proportions of variance.  The descriptive statistics for 

the calculated posterior probabilities across the 

PATH are shown in Table 6. 

 Review of the PATH mean posterior probabili-

ties for each PATH and the distribution statistics for 

each showed differences in the spread of participants 

around each group’s central pattern. The Health Con-

tented (HC) PATH had the highest mean posterior 
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Table 1  

Descriptive Statistics (n = 3,955)  

Variable % 

Sex  

  Female 51.5 

  Male 48.5 

Patterns of Adapting to Health (PATH)  

Critically Discerning (CD) .8 

Health Contented (HC) 1.6 

Wisely Frugal (WF) 17.4 

Traditionalist (T) 2.1 

Family Centered (FC) 17.9 

Family Driven (FD) 9.1 

Healthcare Driven (HD) 15.3 

Independently Healthy (IH) 15.8 

Naturalist (N) 11.4 

No pattern (NP) 8.7 

 M(SD) 

Age in years 42.0 (12.4) 

Total Claims ($) 5640.6 (11,076.0) 

 

Table 2     

PATH Inventory Descriptive Statistics (n = 3,955)    

PATH Inventory Item Summaries M (SD)* 95% CI (1) (2) 

I seek health information 3.90 (1.08) [3.87, 3.93] -0.87 0.30 

I consider price when selecting physicians 3.21 (1.35) ]3.17, 3.25] -0.25 -1.14 

I take health as it comes 2.44 (1.36) [2.40, 2.48] 0.49 -1.12 

I shop for healthcare to save money 2.92 (1.29) [2.88, 2.96] 0.02 -1.01 

I take part in active or competitive sports 2.47 (1.37) [2.43, 2.52] 0.39 -1.13 

Others make family health decisions 1.65 (1.09) [1.62, 1.69] 1.62 1.64 

I like making family health decisions 4.00 (1.15) [3.97, 4.04] -1.00 0.21 

Expense prevents me from seeking care 3.04 (1.47) [3.00, 3.09] -0.08 -1.43 

Family responsible for own health 2.99 (1.42) [2.95, 3.03] -0.05 -1.29 

I compare hospitals before being hospitalized 3.36 (1.45) [3.32, 3.41] -0.40 -1.22 

I seek information on diet and nutrition 4.01 (1.02) [3.98, 4..04] -0.97 0.49 

I put off care seeking until very sick or ill 3.25 (1.47) [3.21, 3.30] -0.31 -1.35 

Physician competence less than expected 2.78 (1.19) [2.74, 2.82] 0.12 -0.82 

When sick I rely on others for health decisions 2.15 (1.25) [2.11, 2.19] 0.72 -0.74 

I am satisfied if family has average health 2.47 (1.29) [2.43, 2.51] 0.40 -1.09 

*Likert Item: 1-strongly disagree to 5-strongly agree    

(1) - skewness, (2) - kurtosis     

 

probabilities (M = .93) and a highly negatively skewed dis-

tribution with an extreme peak indicating that participants 

within this PATH are generally in very close proximity to 

the group’s central pattern (e.g., centroid). The Independent-

ly Healthy (IH) PATH had the second highest mean posteri-

or probabilities (M = .80) and the next most 

negatively skewed and peaked distribution, 

indicating that participants within this PATH 

also reside relatively close to the group’s cen-

tral pattern, although not to the degree of the 

HC PATH. This is in contrast to the Family 

Centered (FC) PATH with lower mean poste-

rior probabilities (M = .68) and the spread of 

posterior probabilities following a more nor-

mal distribution.  

 Correlations between normalized total 

medical claims; dummy coded sex, age in 

years, and PATH posterior probabilities ap-

pear in Table 7. 

Stepped Multiple Regression Analysis 

 The three standard multiple regres-

sion analyses were conducted and the results 

of all three shown in Table 7. All three met 

the criterion for statistical significance. Of the 

PATH prediction of females versus males in 

multiple regression analysis (1), three PATH 

had statistically significant effects at p < .001: 

Health Contented, Healthcare Driven, and 
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Table 3           

Patterns of Adapting to Health (PATH) Mean T-Scores 

 PATH* 

PATH Inventory Items Summaries CD HC WF T FC FD HD IH N NP 

I seek health information 45.6 32.8 53.5 37.8 48.6 46.2 53.1 53.6 52.2 44.8 

I consider price when selecting physicians 41.7 50.0 56.0 37.7 47.2 49.2 46.9 48.9 51.7 52.2 

I take health as it comes 60.0 63.3 55.4 63.1 50.5 47.8 44.6 42.9 45.8 58.6 

I shop for healthcare to save money 51.6 43.1 54.4 43.2 47.8 50.8 46.3 50.1 51.3 50.5 

I take part in active or competitive sports 47.6 39.0 51.3 43.8 45.9 51.7 44.1 61.6 42.0 54.6 

Others make family health decisions 56.2 44.5 47.2 53.9 48.7 51.5 47.0 48.2 47.4 55.1 

I like making family health decisions 42.3 49.5 53.1 43.2 54.7 47.1 50.6 49.2 48.7 46.5 

Expense prevents me from seeking care 48.0 60.6 59.3 43.2 50.9 42.2 40.9 45.8 53.4 53.6 

Family responsible for own health 41.1 57.6 53.5 57.6 39.3 39.8 56.1 52.2 50.9 53.7 

I compare hospitals before being hospitalized 50.3 50.5 52.8 37.0 49.7 40.7 48.0 54.2 56.9 46.4 

I seek information on diet and nutrition 35.5 40.6 49.6 41.1 50.1 47.2 52.4 54.7 52.9 46.2 

I put off care seeking until very sick or ill 57.4 58.3 55.9 53.9 51.4 43.9 39.7 46.6 54.4 54.4 

Physician competence less than expected 58.6 59.0 49.9 50.2 47.3 47.0 45.7 50.7 56.1 53.7 

When sick I rely on others for health decisions 51.9 48.9 48.9 51.9 44.8 48.7 48.9 49.0 52.0 59.5 

I am satisfied if family has average health 50.6 57.2 55.6 50.0 44.0 53.6 46.8 45.3 52.5 53.2 

*CD = Critically Discerning, HC = Health Contented, WF = Wisely Frugal, T = Traditionalist, FC = Family Centered, FD 

= Family Driven, HD = Healthcare Driven, IH = Independently Healthy, N = Naturalist, NP = no pattern 

 

Table 4      

Patterns of Adapting to Health (PATH), Sex, and Age   

 Sex %*** Age*** 

PATH Female Male M (SD) 95%CL 

Critically Discerning (CD) 0.7 1.0 42.1 (10.9) [38.2, 46.0] 

Health Contented (HC) 2.2 0.9 36.4 (14.0) [32.9, 39.9] 

Wisely Frugal (WF) 16.6 18.2 41.0 (13.4) [40.0, 42.0] 

Traditionalist (T) 2.5 1.7 38.4 (14.2) [35.3, 41.6] 

Family Centered (FC) 19.2 16.6 42.1 (10.0) [41.3, 42.8] 

Family Driven (FD) 8.2 10.0 42.5 (10.8) [41.3, 43.6] 

Healthcare Driven (HD) 17.0 13.5 43.5 (13.7) [42.4, 44.6] 

Independently Healthy (IH) 13.6 18.2 43.0 (11.7) [42.1, 43.9] 

Naturalist (N) 12.4 10.2 44.9 (11.6) [43.8, 46.0] 

No pattern (NP) 7.6 9.8 36.4 (13.2) [35.0, 37.8] 

*p < .05, **p < .01, ***p < .001 

 

 

Naturalist.  In multiple regression analysis (2) the 

effects of six out of nine of the PATH reached p 

< .001 in the prediction of age; namely, Wisely Fru-

gal, Family Centered, Family Driven, Healthcare 

Driven, Independently Healthy, and Naturalist. In 

multiple regression analysis (3) the effects of five 

of the nine PATH; namely, Traditionalists, Family 

Centered, Healthcare Driven, Independently 

Healthy, and Naturalist, as well as age and sex 

reached the p < .001 level of significance. 

 Following the analytic model and equations 

specified in Figures 2 and 3, the required statistically 

significant beta coefficients from each of the multiple 

regression analyses were used to calculate direct and 
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Table 5      

PATH Inventory Predicting Total Medical Claims Controlling for Age and Sex 

 B SE β p 95%CL 

(Constant) 2.96 0.04 0.00 ** [2.88, 3.05] 

I seek health information -0.03 0.01 -0.04 ** [-0.04, -0.01] 

I consider price when selecting physicians 0.00 0.01 -0.01  [-0.01, 0.01] 

I take health as it comes -0.04 0.01 -0.08 ** [-0.05, -0.03] 

I shop for healthcare to save money 0.01 0.01 0.01  [-0.01, 0.02] 

I take part in active or competitive sports -0.02 0.01 -0.04 ** [-0.03, -0.01] 

Others make family health decisions -0.01 0.01 -0.01  [-0.02, 0.01] 

I like making family health decisions 0.04 0.01 0.07 ** [0.02, 0.05] 

Expense prevents me from seeking care 0.00 0.01 -0.01  [-0.02, 0.01] 

Family responsible for own health 0.00 0.01 -0.01  [-0.02, 0.01] 

I compare hospitals before being hospitalized 0.01 0.01 0.02  [0.00, 0.02] 

I seek information on diet and nutrition 0.02 0.01 0.02  [0.00, 0.03] 

I put off care seeking until very sick or ill -0.04 0.01 -0.08 ** [-0.05, -0.02] 

Physician competence less than expected -0.01 0.01 -0.01  [-0.02, 0.01] 

When sick I rely on others for health decisions -0.04 0.01 -0.07 ** [-0.05, -0.02] 

I am satisfied if family has average health 0.01 0.01 0.02  [0.00, 0.03] 

Age 0.01 0.00 0.21 ** [0.01, 0.01] 

Female 0.11 0.02 0.08 ** [0.07, 0.15] 

 F(17, 3937) = 28.3, p < .0001,  R2(Adjusted R2) = .11 (.10)    

*p < .005, **p <  .001      

 

Table 6     

Descriptive Statistics: PATH Posterior Probabilities  

PATH M SD Skewness Kurtosis 

CD 0.66 0.31 -0.46 -0.97 

HC 0.93 0.19 -3.62 13.27 

WF 0.72 0.27 -0.90 -0.23 

T 0.75 0.35 -1.17 -0.24 

FC 0.68 0.27 -0.69 -0.62 

FD 0.61 0.30 -0.41 -1.14 

HD 0.78 0.26 -1.24 0.50 

IH 0.80 0.23 -1.51 1.69 

N 0.68 0.28 -0.81 -0.56 

NP 0.76 0.26 -1.21 0.52 

 

indirect effects of the PATH on total medical claims 

and presented in Table 8. 

 Of the nine PATH posterior probabilities six 

had confirmed total effects on medical expenditures 

as the posterior probabilities increased.  The Wisely 

Frugal PATH only had indirect effects on total med-

ical claims through effects on age. The Traditionalist 

PATH only had direct effects on total claims after 

controlling for sex and age. The Family Driven 

PATH had direct effects on total medical claims, as 

well as indirect effects through age. The Healthcare 

Driven PATH had the largest total effects on medi-

cal claims supported by both a large direct effect on 

claims controlling for sex and age, but also via indi-

rect effects through sex and age. The Independently 

Healthy PATH had the second largest total effects 

on medical claims supported by both a direct effect 

after controlling for sex and age, and via equal indi-

rect effects via sex and age. Finally, the Naturalist 

PATH had the smallest total effects on medical 

claims also supported by small indirect effects via 

sex and indirect effects via age.  

 Mean total claims in dollars were calculated 

for the PATH with supported total effects on and 

presented in Table 9. Compared to the mean total 

claims for the entire sample, the size of the mean 

total claims difference of each PATH was consistent 

with the magnitude of the total effect. Participants 
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Table 7              

Variable Correlations (n = 3,955)            

  1 2 3 4 5 6 7 8 9 10 11 12 13 

1. TotalClaims_log10 -- .25 .09 -.01 -.06 -.08 .00 .08 -.02 .12 .02 .03 -.15 

2. Age  -- -.03 -.01 -.05 -.03 -.05 .04 .02 .07 .04 .07 -.17 

3. Sexa   -- -.03 .06 -.03 .02 .04 -.03 .06 -.07 .04 -.04 

4. CD probabilities*    -- .00 -.05 -.01 -.02 -.01 -.05 -.06 -.02 -.02 

5. HC probabilities     -- -.06 -.02 -.08 -.06 -.07 -.08 -.06 -.05 

6. WF probabilities      -- -.08 -.19 -.22 -.25 -.18 -.10 -.08 

7. T probabilities       -- -.08 -.06 -.05 -.08 -.06 -.03 

8. FC probabilities        -- -.00 -.21 -.24 -.13 -.19 

9. FD probabilities         -- -.12 -.13 -.17 -.07 

10. HD probabilities          -- -.17 -.11 -.16 

11. IH probabilities           -- -.20 -.16 

12. N probabilities            -- -.13 

13. NP probabilities             -- 

 
classified as Healthcare Driven were associated with 

the largest mean increase in total claims per person 

of $1,619 dollars. In contrast, participants classified 

as Independently Healthy were associated with low-

er mean total claims of $494 dollars per person. The 

second highest mean increase of $851 dollars in total 

claims per person was associated with participants 

classified as Naturalist; participants classified as 

Family Centered had higher mean total claims per 

person of $751 dollars.  The smallest impacts on 

mean total claims were increases of $418 and de-

creases of $156 dollars associated with participants 

classified as Traditionalist and Wisely Frugal; re-

spectively.   

Discussion 

 This study has provided evidence that health 

behavioral effects on medical expenditures are not 

limited to distinct health-related behaviors but ex-

tend to embedded patterns of health-related behav-

ior underlying and organizing the milieu of adult 

health-related behavior. The hypotheses that 

patterns of health-related behavior have both direct 

and indirect effects on medical expenditures as adult 

health-related behavior increasingly emulates them 

were partially supported based on the PATH solu-

tion. A unique aspect of the study was its focus on 

the effects associated with each pattern’s configuration 

as individual behavior increasingly reflected them as 

opposed to the effects of membership in groups de-

fined by patterns of health behavior. 

 This study required 62 individual tests of statis-

tical significance. Based on the critical value of p < .001 

used, the familywise error for the entire study was 

pfamily < .06.   

 The literature is mixed on the accuracy and reli-

ability of self-reported health-related behavior in 

measuring how much a behavior occurs (Baier, 

Calonge, Cutter, McClatchey, Schoentgen et al., 2000; 

Dowling-Guyer, Johnson, Fisher, Needle, Watters et 

al., 1994; Gorber, Schofield-Hurwitz, Hardt, Le-

vasseur, & Tremblay, 2009; Rauscher, Johnson, Cho, & 

Walk, 2008). The measures of health-related behavior 

used in this study were better understood to represent 

tendencies in behavioral response and affective sali-

ence of described actions across health-related con-

texts encoded in language semantics (Lyons, Mattarel-

la-Micke, Cieslak, Nusbaum, Small, & Beilock, 2010; 

van Elk, van Schie, & Bekkering, 2009) as opposed to 

estimating how much the behaviors occurred. How-

ever, the predictive relationship of six PATH Invento-

ry measures to medical claims consistent with the di-
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Table 8       

Multiple Regressions: Posterior Probabilities  of PATH Membership Predicting Sex, 

Predicting Age Controlling for Sex, and Predicting Total Claims Controlling for Sex 

and Age 

 (1) (2) (3) 

Variables  β p β p β p 

CD posterior probabilities -0.02 ns 0.04 * 0.03 ns 

HC posterior probabilities 0.08 *** 0.04 * 0.00 ns 

WF posterior probabilities 0.01 ns 0.17 *** 0.06 * 

T posterior probabilities 0.04 ns 0.03 ns 0.06 *** 

FC posterior probabilities 0.07 * 0.22 *** 0.17 *** 

FD posterior probabilities 0.00 ns 0.15 *** 0.06 * 

HD posterior probabilities 0.09 *** 0.25 *** 0.20 *** 

IH posterior probabilities -0.02 ns 0.23 *** 0.13 *** 

N posterior probabilities 0.07 *** 0.22 *** 0.10 *** 

Sex DV  -0.04 * 0.09 *** 

Age   DV  0.23 *** 

Total Medical Claims_log10     DV  

R2 .02  .04  .10  

Adjusted R2 .02  .04  .10  

F 7.53 *** 17.65 *** 39.81 *** 

*p < .05, **p < .01, ***p < .001 

 

 

Table 9 

PATH Direct and Indirect Effects on Total Claims* 

PATH (p) DEp IEp -> sex    IEp -> age    Total Effect 

CC - - - - 

HC - - - - 

WF - - 0.04 0.04 

T 0.06 - - 0.06 

FC 0.17 - 0.05 0.22 

FD 0.06 - 0.05 0.11 

HD 0.20 0.01 0.06 0.26 

IH 0.13 0.05 0.05 0.24 

N 0.10 0.01 0.05 0.15 

*IEp->sex->age < .00    

 

rectionality of the described behavior supports their 

link to actual behavioral tendencies. The study was also 

strengthened by the use of age, sex, and historical medi-

cal claims expenditures drawn from member records. 

The effect sizes obtained were small, but consistent 

with effect sizes associated with disease predictors of 

medical expenditures (Druss, Rosenheck, & Sledge, 

2014). The study had few threats to internal validity, 

and the external validity was strengthened by 

weighting the sample to the demographics of the Flori-

da population at that time.  

 The study had several key weaknesses. 

While there are examples of research that de-

livered significant contributions using medical 

expenditure data as old as nine years 

(Aljadhey, 2012; Bernard, Cowan, Selden, Cai,  

Catlin & Heffler, 2012), the present study went 

considerably beyond that in drawing from 

claims data reaching back fifteen years. Studies 

examining medical expenditure differences al-

so generally employ very large samples (White, 

Lenhart, Singhal, Insinga, Itzler et al., 2009; Hye

-Young, Sung-Eun, Dae Ryong, Ji Yoon, Young 

Hwa et al., 2009). Compared to such studies the 

sample used here was small; this potentially 

played a role in limiting statistically significant 

predictive relationships to sex, age, and medi-

cal expenditures to only those patterns of 

health-related behavior with larger subsam-

ples. Finally, the need to keep the path analysis 

manageable required leaving the correlations 



Patterns of Health-Related Behavior and Medical Expenditures 

12 Copyright©2015, Frederick H. Navarro. All Rights Reserved. 

between posterior probabilities of membership in 

each of the PATH unexplored.  

 The total effects of the Healthcare Driven 

PATH stood out in the results. As adult health-

related behavior increasingly conformed to the 

Healthcare Driven PATH with the largest direct 

effects on per person medical claims the increase in 

claims was comparable to the expenditure increase 

associated with 82 year old obese females (Bell, Zim-

merman, Arterburn, & Maciejewski, 2011). As adult 

health-related behavior increasingly conformed to 

this pattern more frequent medical care seeking oc-

curred as evidenced by the higher medical claims. 

Applied to prior research investigating frequent care 

seekers (Bhatia & Cleland, 2001; Demers, 1983; Mor-

timer & Ahlberg, 2003) the current research suggests 

that frequent care seeking may be part of a larger 

cohesive configuration of health-related behaviors.  

The total effects of the Healthcare Driven PATH on 

medical expenditures exceeded the direct effect of 

age. This underscores the relevance of this pattern of 

health-related behavior to understanding the medi-

cal expenditure levels within an adult population. 

 The pattern of health-related behavior identi-

fied as contributing to lowest mean total claims per 

person was the Independently Healthy PATH. The 

lowering effect exceeded the dollar savings achieved 

among participants in a chronic disease self-

management program (Ahn, Basu, Smith, Jiang, Lo-

rig et al., 2013) and was comparable to the increase 

in expenditures associated with 67 year old over-

weight males (Bell et al., 2011).  A key distinguish-

ing characteristic of this pattern was its strong 

attraction to participation in active or competitive 

sports consistent with the role of physical activity in 

slowing the impacts of biological aging and subse-

quently contributing to a suppression of medical 

expenditure growth (Ackermann et al., 2008; Brown 

et al., 2008; Katzmarzyk et al., 2000).  The difference 

in the magnitude of impacts on medical expendi-

tures between the Independently Healthy and 

Healthcare Driven PATH reached approximately 

$2,100 dollars per person. This is greater than the 

estimated cost difference between normal weight 

and obese individuals (e.g., $1,903 in 2015 dollars) 

(Tsai, Williamson, & Glick, 2011).  

 It has previously been argued that simple 

chronological aging is not necessarily a critical driver 

of increasing medical costs but rather the growing 

incidence of poor health and age-related disease con-

ditions (Stewart, 2004) partially shaped by individual 

health-related behaviors (Hobbs & Fowler, 2014). 

The results of this study support the role of some 

patterns of health-related behavior as potential influ-

encers of biological aging and accounting for a small 

portion of age relationships to medical expenditures.  

 A population of individuals responding and 

adapting to diverse healthcare contexts is a complex 

adaptive system. Interpreted against complex adap-

tive systems theory, patterns of health-related behav-

ior represent self-organized behavior at the attractors 

of a population system (Mandara, 2003).  This study 

provides evidence that as adult health-related behav-

ior increasingly settles into these attractors both di-

rect and indirect effects on medical expenditures oc-

cur. As individuals increasingly conform to these 

attractors behaviorally (Ben-Israel & Iyigun, 2008; 

Boguslauskas & Adlytė, 2010) and reflect their char-

acteristics with increasing acuteness (Hidayat, 

Shakaff, Ahmad, & Adom, 2010) the patterns gener-

ate both direct and indirect effects on medical ex-

penditures.   

 These findings are relevant to Anderson’s be-

havioral model of health care service use (Andersen, 

1995; 2008). This model recognizes the role of predis-

posing factors such as age, marital status, or educa-

tion in shaping health care demand. Based on this 

research, patterns of health-related behavior within 

populations can be considered predisposing factors 

influencing health care service demand.  The total 
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effects of patterns of health-related behavior on 

medical expenditures are relevant to the objectives 

of population health management. A critical goal of 

population health management is to manage the 

financial risk of populations and medical expendi-

ture reduction (Lynch, Forman, Graff, & Gunby, 

2000).  The current research suggests that to the de-

gree adult health-related behavior conforms to pop-

ulation-level patterns the greater the impact on fi-

nancial risk and medical expenditures result. 
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