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Abstract

To determine regional differences in the prevalence of overall physical health, overall mental health, and serious psychological
distress (SPD). Data from the 2004 to 2016 Medical Expenditure Panel Survey were used for weighted analysis across region.
Relationship modifiers considered were sociodemographic factors, health factors, and measures of health expenditures. A
higher burden ratio of health care expenditures is negatively associated with health outcomes, across all US regions and
insurance. Compared to 2004 values, SPD, overall physical health, and mental health are significantly improved after 2014.
This research supports the whole health paradigm, indicating that overall mental and physical health are closely related.
The burden of health care costs is an important consideration and related to overall health outcomes, regardless of insurance

status or region. These considerations are likely increasingly important to consider with recent global events.
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Introduction

Mental health is an important aspect of overall wellbeing
and general health (Herman-Stahl et al., 2007; McGinty
et al., 2020). Diagnosed mental illnesses have been stud-
ied extensively, however, serious psychological distress
(SPD), also known as non-specific psychological distress,
has not (Centers for Disease Control, 2011). Although SPD
is not indicative of a specific mental illness, it is associ-
ated with anxiety and mood disorders (Andrews & Slade,
2001; Colton & Manderscheid, 2006; Herman-Stahl et al.,
2007; Kessler et al., 2002; Pratt, 2009) and is also highly
associated with adverse health behaviors, such as smoking,
substance abuse, and physical inactivity (Mental Health By
the Numbers, NAMI; Mojtabai, 2005; Substance Abuse &
Mental Health Services Administartion, 2013). SPD has fur-
ther been observed to be associated with younger age, lower
income, unemployment, disabilities, poor physical health,
and chronic conditions (Davison et al., 2020).
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Previous research investigating physical health, mental
health, and SPD, compared cultural and structural differ-
ences between countries, reporting that poor mental health
tends to be more prevalent in the United States (US) com-
pared to Europe (Weissman et al., 2016). Although the
overall health benefits of physical activity are well known
(Kessler et al., 2005; McGuire et al., 2009; Okoro et al.,
2014), those with chronic physical conditions and disabili-
ties frequently experience SPD, resulting in an increased risk
for adverse health outcomes and premature death (Andrews
& Slade, 2001; Centers for Disease Control, 2011; Kessler
et al., 2002). In Shi et al. 2008, adults with three or more
chronic conditions were six times as likely to have reported
SPD (Shih & Simon, 2008).

An emerging body of literature suggests that geography
influences mental health (Kim et al., 2013). Regional dif-
ferences in overall mental health have been studied in sev-
eral countries (Bhavsar et al., 2014; Lewis & Booth, 1992)
and it has been suggested that geographic areas with stress-
ful environments are associated with mental illness (Mar-
tino et al., 2019; Philo, 2005). Physical activity has been
considered across regions (Martin et al., 2005), but to the
authors’ knowledge, no research has explicitly considered
regional differences in overall physical health. When con-
sidering regional differences in SPD, most studies compare
rural-urban differences of SPD and their results indicate
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a higher likelihood of SPD in urban residents compared
to rural residents, even when adjustments for sociodemo-
graphic characteristics are considered (Dhingra et al., 2009).
Serious psychological distress has been studied across sex,
age, race, ethnicity, and other demographic characteristics,
such as education (Dallo et al., 2013; Olfson et al., 2019;
Weissman et al., 2020). However, regional differences and
variations in serious psychological distress and mental
health in the US have not been well elucidated (Dhingra
et al., 2009). This study aims to quantify regional relation-
ships for serious psychological distress, overall mental
health, and overall physical health.

Methods
Data

This study utilizes the 2004-2016 US Medical Expenditure
Panel Survey (MEPS) public use data, composed of 258,321
individuals of ages 18—64; participants are sampled from the
previous years’ National Health Interview Survey. MEPS
collects data through an overlapping panel design, in which
participants in each panel are interviewed 5 times, or in
rounds, over about 2.5 years. In any given calendar year, two
panels will be participating in the survey. From MEPS per-
son-round files, demographic characteristics and utilization
of health-related services were collected; these include age
group (18-25, 26-35, 3645, 46-55, 55-64 years old), race
(white, black, other), ethnicity (Hispanic, non-Hispanic),
education (< high school degree, high school, bachelor, post
graduate degree), marital status (divorced, married, never
married, separated, widowed), region of the US (Midwest,
Northeast, South, West), cost burden (burden ratio < 10%,
burden ratio > 10%), whether they lacked health insurance
for the current year, and type of health care insurance (any
private insurance—includes TriCare and ChampVA, public
only insurance—Medicare and/or Medicaid/SCHIP, or unin-
sured) IPUMS MEPS). Respondents with a combination
of private and public insurance were considered privately
insured.

Assessments
Serious psychological distress (SPD)—One of the measures

to describe SPD is the Kessler 6, or K6, which considers
population-based measures to estimate SPD (Dallo et al.,

2013; Okoro et al., 2009; Pratt et al., 2007; Pratt, 2009). The
K6 was developed using Item Response Theory methods that
capture self-reported feelings (Fraley et al., 2000; Tomitaka
et al., 2017). In this six-item, psychological screening instru-
ment, the frequency of SPD within a particular reference
period is measured, ranging from “none of the time” coded
zero to “all of the time” coded four, corresponding to a final
range of scores from O to 24. Summed scores greater than
13 were used to identify those with serious psychological
distress (Pratt, 2009).

Physical Health—The SF12v2 physical component sum-
mary was used to measure overall physical health. Scores
range from 0 to100, where increased scores indicate better
health (MEPS, 2016).

Mental Health—The SF12v2 mental health component
summary was used to measure overall mental health. Scores
range from 0 to100, where increased scores indicate better
health (MEPS, 2016).

Total Household Income—Reported income in US dol-
lars. Negative or zero income was adjusted to equal one hun-
dred dollars for analysis (Banthin & Bernard, 2006).

Burden Ratio—This describes the ratio of health expen-
ditures to income. The total amount of health care expen-
ditures was defined as the total amount of expenditures
related to prescription medicines and health care utilization,
in US dollars. The burden ratio was calculated by dividing
this amount by the total household income, as previously
defined. Burden ratios exceeding 10% were considered
financially burdened (Kielb et al., 2017).

Adjustments

Pooling health care expenditures or costs and income from
2004 to 2016 requires adjusting for inflation to remove the
impact of economic growth. All health care related expen-
ditures and costs (prescription medicine costs, health care
utilization—office visits, copays, etc.) and income were
inflation adjusted to 2016 dollars using the medical compo-
nent of the Personal Health Care (PHC) index and using the
Consumer Price Index (CPI), respectively ().

Statistical Analyses
The Medical Expenditure Panel Survey (MEPS) collects
data from a nationally representative subsample of house-

holds obtained through a complex sample design involving
stratification, clustering, and multistage sampling. These
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probabilities of selection, the longitudinal, panel nature of
the survey, along with adjustments for non-response and
post-stratification, are reflected in the provided sample
weights. All statistical methods and analyses were conducted
using the suggested weighting methods from the Agency for
Healthcare Research and Quality (AHRQ), to avoid bias.
These weighted methods adjust for clustering at all levels,
including family clustering (Medical Expenditure Panel Sur-
vey Computing Standard Errors for MEPS Estimates).

Data were combined and summarized using weighted
descriptive statistics, such as mean and standard errors for
continuous characteristics, and percent and standard errors
for categorical characteristics. Differences in mean outcome
scores or frequencies across demographic and health care
utilization were tested using weighted Chi-square tests for
categorical variables and weighted ANOVAs or independent
t-tests for continuous variables. Weighted linear regression
models were separately built to assess multivariable relation-
ships for overall mental health and overall physical health,
with survey respondent demographic information, region,
and interactions between burden ratio, region, and insurance
status. Using weighted multiple logistic regression consid-
ering demographic information, region, and interactions
between burden ratio, region, and insurance status, analo-
gous models for SPD were also built (Katon & Uniitzer,
2013; Mechanic & Olfson, 2016; Pratt, 2009). Interactions
were included to test the hypothesis that regional relation-
ships may be influenced by insurance status and burden
ratios, as there are potential regional differences in health
care expansion activities (Hibbard & Greene, 2013; Thomas
et al., 2017).

Results

Higher percentages of the younger age groups, Hispanic eth-
nicity, and uninsured were observed in the West region com-
pared to the other regions. In the Northeast region, higher
percentages of people who are older (55-64) and those
with public insurance were observed. The West region has
a larger proportion (13.77%) of Other race while the South
region has a larger proportion (19.31%) of Black race com-
pared to the other regions. The proportions of low burden
ratio (i.e. burden ratio < 10%) are similar across the regions.
For assessments of serious psychological distress, overall
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mental and physical health, there is no appreciable differ-
ence across the regions.

Serious Psychological Distress (SPD)

Nearly all variables in the multivariable logistic regression
model were associated with SPD (Table 1). Interestingly,
compared to those 18-25 years old, those aged 4655 had
the highest odds of SPD compared to the other age groups
(OR: 2.09, 95% CI 1.88, 2.31). Blacks and Hispanics had
lower odds of SPD compared to Whites and non-Hispanics
(all OR<0.71). Those who are less educated or not mar-
ried had higher odds of SPD (all OR > 1.19). Notably, com-
pared to 2004, individuals had lower odds of experiencing
SPD in 2014, 2015, and 2016 (all OR <0.76). Individuals
with a total burden ratio exceeding 10% had increased odds
of SPD across insurance type and regions (all OR > 1.75).
Specifically, the odds of SPD of the uninsured with a total
burden ratio exceeding 10% was higher than the odds for
those with any other type of insurance (OR 4.36, 95% CI
3.71, 5.13). Regional effects were significantly associated
with SPD, observed in combination with total burden ratio
greater than 10% (all OR >2.70).

Mental Health

Similar relationships to that seen for SPD were observed for
overall mental health. Older age and not being married were
associated with decreased overall mental health (Table 2).
However, being more educated, non-white, and Hispanic
were associated with better overall mental health. Interest-
ingly, the association with improved overall mental health
increased more than two-fold after 2013 compared to 2004
levels, all else the same. A burden ratio greater than 10%
was associated with decreased overall mental health across
insurance types. Regional effects were significantly associ-
ated with decreased overall mental health, but only in com-
bination with a burden ratio greater than 10% (all coefficient
estimates < 3.69 and significant).

Physical Health

Aging, non-white race, and being divorced, separated, or
widowed was associated with decreased physical health
(Table 3). However, higher education was associated
with increased physical health. Similar to trends observed
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Table 1 Multivariable, Effect Estimate (b)  SE P-value OR 95% CI
weighted logistic regression
relationships with SPD (present/ Age
absent) with odds ratios and
corresponding 95% CI 18-25
26-35 0.37 0.05 <.0001 1.44 (1.32,1.58)
3645 0.67 0.05 <.0001 1.96 (1.78,2.16)
46-55 0.73 0.05 <.0001 2.09 (1.88,2.31)
55-64 0.68 0.06 <.0001 1.97 1.75,2.21)
Race
White
Black -0.40 0.04 <.0001 0.67 (0.62,0.73)
Other —0.08 0.06 0.1939 0.92 (0.81, 1.04)
Ethnicity
Non-Hispanic
Hispanic -0.34 0.04 <.0001 0.71 (0.66, 0.77)
Education
High school
Below high school degree 0.18 0.03 <.0001 1.19 (1.11, 1.28)
Bachelor -0.67 0.06 <.0001 0.51 (0.46, 0.58)
Post graduate degree -0.82 0.09 <.0001 0.44 (0.37,0.52)
Marital status
Married
Divorced 0.63 0.05 <.0001 1.89 (1.73,2.06)
Never married 0.34 0.04 <.0001 1.41 (1.30, 1.53)
Separated 0.82 0.06 <.0001 227 (2.01,2.57)
Widowed 0.67 0.09 <.0001 1.96 (1.65, 2.33)
Year
2004
2005 0.02 0.05 0.7125 1.02 (0.92,1.12)
2006 —0.01 0.06 0.7922 0.99 (0.88, 1.10)
2007 -0.03 0.06 0.5723 0.97 (0.86, 1.09)
2008 -0.03 0.06 0.6828 0.98 (0.86, 1.10)
2009 0.01 0.06 0.8204 1.01 (0.90, 1.15)
2010 -0.01 0.06 09117 0.99 (0.88, 1.12)
2011 -0.02 0.06 0.7701 0.98 (0.87,1.11)
2012 0.06 0.09 0.4997 1.06 (0.90, 1.25)
2013 -0.07 0.07 0.3420 0.93 (0.81, 1.08)
2014 -0.28 0.06 <.0001 0.76 (0.67, 0.86)
2015 —0.30 0.08 0.0003 0.74 (0.64, 0.87)
2016 -0.39 0.07 <.0001 0.67 (0.59,0.77)
Public only*Burden ratio < 10%
Public only*Burden ratio > 10% 0.56 0.06 <.0001 1.75 (1.55,1.97)
Uninsured*Burden ratio < 10%
Uninsured*Burden ratio > 10% 1.47 0.08 <.0001 4.36 (3.71,5.13)
Any private*Burden ratio < 10%
Any private*Burden ratio > 10% 1.21 0.07 <.0001 3.38 (2.90, 3.84)
West *Burden ratio < 10%
West *Burden ratio > 10% 0.99 0.08 <.0001 2.70 (2.31, 3.15)
Midwest *Burden ratio < 10%
Midwest *Burden ratio> 10% 1.12 0.09 <.0001 3.07 (2.57, 3.67)
Northeast *Burden ratio < 10%
Northeast *Burden ratio > 10% 1.11 0.10 <.0001 3.04 (2.49, 3.70)

South *Burden ratio < 10%
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Table 1 (continued) Effect

Estimate (b) SE P-value OR 95% CI

South *Burden ratio > 10%

1.09 0.06 <.0001 2.98 (2.64,3.37)

for mental health, regional relationships with overall
physical health were only observed in combination with
increased burden ratio (all significant with estimated coef-
ficients <4.92). In addition, a burden ratio greater than 10%
was associated with decreased overall physical health, across
insurance types. Significant improvement in overall physical
health was observed after 2014, compared to 2004 levels.

Discussions

In this study, small improvements in all health outcomes
(overall mental health, overall physical health, and SPD)
were observed after 2014, which could be due to the imple-
mentation and the expansion of Affordable Care Act, as sug-
gested by other researchers IPUMS MEPS; Weissman et al.,
2020). Our results also indicate that aging, non-Hispanic
ethnicity, and lower education are negatively associated
with all health outcomes, overall physical health, overall
mental health, and SPD. Being married is positively asso-
ciated with improved physical health, mental health, and
lower rates of SPD; being single is positively associated with
improved overall physical health. People who identify as
non-White have better overall mental health and lower SPD
than Whites. These demographic findings are consistent
with what has been previously observed, although Hispanics
have been previously identified as having high psychological
distress (Adams & Boscarino, 2005; Alegria et al., 2002;
Dismuke & Egede, 2011; McGinty et al., 2020; McGuire &
Miranda, 2008).

The main finding of our research, which we believe is
noteworthy, is that regional associations were only observed
in combination with a higher burden ratio of health care
expenditures and that these are negatively associated with
health outcomes. Similarly, insurance type, in combination
with a higher burden ratio of health care expenditures, was
largely associated with negative health outcomes (SPD,
overall mental health, and overall physical health). This
suggests that generally, greater financial burden of health
care can decrease overall health, any way that it is measured
(Banthin & Bernard, 2006).

@ Springer

Of patients that see primary care providers, the literature
suggests that about 20-25% are experiencing mental health
concerns, with anxiety, depression, alcohol and substance
abuse disorders ranking at the top (Katon & Uniitzer, 2013).
These rates could be twice as high for those that are unin-
sured or have Medicaid insurance. Mental distress during
the COVID 19 pandemic is rising due to increasing anxi-
ety related to maintaining physical health and mental well-
ness, job losses (with corresponding loss of health insur-
ance), and overall financial well-being. There has been a
reported more-than-threefold increase in the percentage of
US adults who reported symptoms of psychological dis-
tress—from 3.9 percent in 2018 to 13.6 percent in April
2020. When considering adults ages 18-29 this increased
from 3.7 percent in 2018 to 24 percent in 2020 (McGinty
et al., 2020). This pandemic has exacerbated known areas of
weakness for health care but opportunities to address health
as a whole are being revealed which equally emphasize the
importance of both physical and mental health (Blundell
et al., 2020). Specifically, screening, promotion of self-care,
exercise and physical health interventions, and telehealth
care have increased in both availability and utilization, in
recent months (Holingue et al., 2020).

Limitations of this work are related to the limited longi-
tudinal nature of the MEPS survey, the self-reported nature
of the data, and the surveyed population which are chosen
to be representative of the US civilian, noninstitutionalized
population, which may limit generalizability. In addition,
expenditures included in the study may not be complete and
although adjusted for inflation, some bias related to year of
data collected may still exist. Although self-reported data
are used frequently in health care research and clinical care,
bias from self-reported data may be present.

Even more important since the COVID-19 pandemic and
the reality of the ever-shifting “new normal”, this research
supports the whole health paradigm, indicating that overall
mental health and physical health are closely related. In par-
ticular, the burden of health care costs is an important con-
sideration, regardless of insurance status or region, perhaps
even more so with recent global events.
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Table2 Multivariable, Effect Estimate (b) SE P-value 95% CI
weighted linear regression
relationships with overall Age
mental health 18-25
26-35 -1.57 0.10 <.0001 (-1.77,-1.37)
36-45 -1.90 0.11 <.0001 (—2.12,—1.68)
46-55 —-1.54 0.12 <.0001 (—1.79,-1.30)
55-64 -0.84 0.13 <.0001 (—1.09,-0.59)
Race
White
Black 1.62 0.10 <.0001 (1.42, 1.83)
Other 0.84 0.12 <.0001 (0.61, 1.08)
Ethnicity
Non-Hispanic
Hispanic 1.38 0.10 <.0001 (1.18, 1.58)
Education
High school
Below high school degree -0.34 0.10 0.0010 (—=0.55,-0.13)
Bachelor 0.40 0.08 <.0001 (0.23, 0.56)
Post graduate degree 0.60 0.11 <.0001 (0.38,0.82)
Marital status
Married
Divorced -2.30 0.11 <.0001 (—2.52,-2.07)
Never married —-1.21 0.09 <.0001 (-1.39,-1.04)
Separated —3.66 0.24 <.0001 (—4.13,-3.20)
Widowed -3.01 0.26 <.0001 (—3.53,-2.50)
Year
2004
2005 0.10 0.11 0.3910 (-0.13,0.32)
2006 0.30 0.14 0.0320 (0.03, 0.58)
2007 0.36 0.14 0.0120 (0.08, 0.65)
2008 0.17 0.14 0.2400 (-0.11, 0.45)
2009 0.10 0.15 0.4850 (-0.18,0.39)
2010 0.46 0.15 0.0020 (0.17,0.74)
2011 0.24 0.15 0.1040 (-0.05,0.53)
2012 0.44 0.19 0.0180 (0.07, 0.80)
2013 1.08 0.15 <.0001 (0.79, 1.37)
2014 1.36 0.15 <.0001 (1.07, 1.64)
2015 1.43 0.19 <.0001 (1.06, 1.80)
2016 1.59 0.15 <.0001 (1.30, 1.89)
Public only*Burden ratio < 10%
Public only*Burden ratio > 10% -3.27 0.31 <.0001 (—3.88,-2.65)
Uninsured*Burden ratio < 10%
Uninsured*Burden ratio > 10% —6.35 0.42 <.0001 (—7.18,—-5.52)
Any private*Burden ratio < 10%
Any private*Burden ratio > 10% -2.93 0.21 <.0001 (—3.33,-2.53)
West *Burden ratio < 10%
West *Burden ratio > 10% -3.69 0.33 <.0001 (—4.33,-3.04)
Midwest *Burden ratio < 10%
Midwest *Burden ratio > 10% —4.25 0.33 <.0001 (—4.89,-3.60)
Northeast *Burden ratio < 10%
Northeast *Burden ratio > 10% —-3.83 0.42 <.0001 (—4.66,—2.99)
South *Burden ratio < 10%
South *Burden ratio > 10% —-4.97 0.34 <.0001 (—5.64,—4.30)

Coefficients, standard error for the coefficients, 95% CI and P-values are reported
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Table 3 Multivariable,
weighted linear regression
relationships with overall
physical health
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Effect Estimate (b) SE P-value 95% CI
Age
18-25
26-35 -1.94 0.08 <.0001 (=2.11,-1.78)
36-45 -3.72 0.10 <.0001 (=3.91,-3.54)
46-55 -6.14 0.11 <.0001 (—6.35,-5.93)
55-64 —8.53 0.13 <.0001 (—8.79,—-8.27)
Race
White
Black -0.31 0.09 <.0001 (-0.49,-0.14)
Other -042 0.11 <.0001 (=0.63,-0.20)
Ethnicity
Non-Hispanic
Hispanic 0.98 0.09 <.0001 (0.80, 1.16)
Education
High school
Below high school degree —0.60 0.08 <.0001 (=0.76,-0.43)
Bachelor 2.14 0.07 <.0001 (2.00,2.28)
Post graduate degree 2.89 0.10 <.0001 (2.69, 3.08)
Marital status
Married
Divorced -0.78 0.11 <.0001 (-1.01,-0.56)
Never married 0.11 0.08 0.1300 (—=0.03, 0.26)
Separated -1.22 0.20 <.0001 (-1.62,-0.82)
Widowed —1.41 0.29 <.0001 (-1.99,-0.83)
Year
2004
2005 0.001 0.09 0.9900 (=0.17,0.17)
2006 0.07 0.10 0.5300 (=0.14,0.27)
2007 0.18 0.11 0.1200 —0.04, 0.40)
2008 0.10 0.13 0.4500 (—=0.16, 0.35)
2009 —0.002 0.13 0.9900 (-0.25,0.25)
2010 0.02 0.13 0.9000 (—0.24,0.27)
2011 —0.10 0.13 0.4500 (—0.35,0.16)
2012 -0.02 0.15 0.8800 (-0.32,0.28)
2013 0.17 0.13 0.1800 (—0.08,0.43)
2014 0.56 0.13 <.0001 (0.31,0.81)
2015 0.48 0.15 0.0011 (0.19, 0.76)
2016 0.77 0.12 <.0001 (0.54,1.01)
Public only*Burden ratio < 10%
Public only*Burden ratio > 10% -5.12 0.32 <.0001 (—5.76,—4.49)
Uninsured*Burden ratio < 10%
Uninsured*Burden ratio > 10% —7.45 0.44 <.0001 (—8.32,—-6.59)
Any private*Burden ratio < 10%
Any private*Burden ratio > 10% -5.25 0.21 <.0001 (—5.67,-4.83)
West *Burden ratio < 10%
West *Burden ratio > 10% —-4.92 0.34 <.0001 (—5.59,—-4.26)
Midwest *Burden ratio < 10%
Midwest *Burden ratio > 10% —-6.61 0.36 <.0001 (—17.32,—5.90)
Northeast *Burden ratio< 10%
Northeast *Burden ratio > 10% —-5.47 0.44 <.0001 (—6.33,—4.61)

South *Burden ratio < 10%
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Table 3 (continued) Effect Estimate (b) SE P-value 95% CI
South *Burden ratio > 10% —-6.76 0.30 <.0001 (—17.36,—6.16)

Coefficients, standard error for the coefficients, 95% CI and P-values are reported
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