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Abstract

Depression is expensive to all nations in the world. How the causes of depres-
sion are understood is constantly evolving. This paper looks at socioeconomic
contributors to depression with care for current understandings of the problem
along with recent data. Previous understandings of an inverse relationship be-
tween income and depression are bolstered here along with other mental health
symptoms. The analysis is conducted with an ordinal logistic regression model
assuming proportional odds, implemented in this regression are two unique in-
struments for personal and family income. The results in this paper are relevant
to public policy professionals who aim to minimize depression’s cost to their so-
ciety.

1 Introduction

As numerous papers investigating the interactions between economic conditions
and mental health argue, depression incurs significant costs both to the indi-
vidual and their society. A wide array of studies, have attempted to estimate
this cost. For example, Chang et al (2012), estimate a total cost of 4 billion
USD annually in South Korea. Similarly, Hu (2007) estimated an annual cost
of 6,264 million USD in China. Konig et al. in 2020 in their meta analysis
stated that ”Depression was associated with significantly higher total direct ex-
cess costs in all subgroups.” Examining an ‘unnamed’ US corporation, Druss et
al (2000) concluded that depression was one of the costliest medical illnesses for
that employer. Other approaches, such as that taken by Kessler (2012), investi-
gate not only financial costs but also social costs such as marriage status, citing
various studies that determine a higher likelihood of divorce for those plagued
with depressive conditions. This extensive justification supports research into
causal factors of mental health conditions. Therefore, this paper examines a
hypothesized inverse relationship between income and depression with the use
of an ordinal logistic regression model. While this study is not the first to ap-
proach this topic, it is believed that, in this paper, different response variables
are used along with a unique combination of controls and instrumental strate-
gies. Additionally, not all analyses employ instrumental strategies to mitigate a
hypothesized bi-directional causality between income and depression. evidence
of this bi-directionality can be traced back to Miech et al. (1999). Furthermore,
as argued by Akhtar-Danesh et al (2007), ”Given the significant impact of de-
pression on individuals and society as a whole, a comprehensive analysis of the
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prevalence of depression is necessary to ensure that previous findings remain
applicable in today’s society.” Their study was conducted in 2007, and our un-
derstanding of mental health has evolved significantly since then. Appreciation
for this topic in the realm of economics can be traced back to Ettner (1996).
Ettner employed parental education as an instrumental variable for personal
income, additionally, he utilized spouse’s education as an instrument in its own
right. Ettner concluded that there is a significant relationship between income
and mental health, and even given the work’s age, its ideas behind instruments
for this problem remain relevant. The past thirty years have seen monumental
changes in both how mental health problems are appreciated and understood.
Schomerus et al. (2012) examined this evolution, demonstrating that biologi-
cal factors were not consistently recognized as influential until the mid-2000s.
Their analysis focused on the changing patterns of variables employed in stud-
ies. As such, many earlier studies did not consider non-socioeconomic factors
and therefore did not control for them. This study and others more recent, how-
ever, attempt to address this. Moving forward in time, Zimmerman, F. J. et
al. (2005) argued that depression and income are strongly correlated; however,
when controlling for other factors, this correlation becomes less pronounced. Of
particular interest to the thesis here, Zimmerman F.J. et al. use a large list of in-
struments for their study, including logged total inheritance, logged time in the
current job, logged mothers’ education, the fraction of household income earned
by the respondent, hours of television watched per week, rural/suburban/urban
residence, and age. Borrowed from this analysis is their use of the fraction
of household income earned by respondents. Notably, both studies prior to
this and the results found here invalidate some of Zimmerman’s instruments.
For example, both Mirowsky et al (1992) and Brodaty(1997) demonstrate a
correlation between age and depression. Additionally, work done by Wander-
man et al (1998) illustrates a connection between neighborhood characteristics
and mental health outcomes. In a 2007 study of a Canadian population us-
ing data from 2002, Danesh et al. looked at the socioeconomic impacts of
depression. In support of earlier work, they once again observed income to
possess a negative correlation, indicating that as income increases, depression
decreases. They differentiated between 12-month and lifetime depression as de-
pendent variables, both of which were regressed as binary, based on whether
they satisfied the requirements for fitting into respective depression categories.
They demarcated between 12-month and lifetime depression as they believed
that feeling depressed and having depression are two unique psychological phe-
nomena. Individuals placed in the 12-month category were deemed to have felt
depressed over the past year or so. Alternatively, those placed in the lifetime
category were diagnosed with depression. Nothing in their paper suggests the
use of an instrument. In their modeling, they demonstrated correlations with
age, gender, marital status, education, household income, and immigration sta-
tus. In most recent studies of depression, most of these variables are controlled
for. Additionally, odds ratio coefficients are used here, a common reporting
tool used when studying mental health response variables. Layte (2012) offers
an explanation of income inequality being a causal variable. In his study, he
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observed a wide range of European countries. The analysis took particular care
to control for sex, age, and health status. This analysis suggests a link between
income inequality and depression, potentially extending to Western countries,
and suggests that self-comparison driven by income disparities may contribute
to depressive symptoms. In line with a greater appreciation for internal factors
contributing to rates of depression, Dijkstra-Kersten et al. (2015) provide em-
pirical proof that income and anxiety do have a relationship with one another,
particularly that lower-income individuals and families may feel more uncertain
about their financial health and well-being in the future. Finally, there is little
to no previous literature studying this problem under the lens of an ordinal
logistic regression model with instrumental approaches. Ultimately more recent
work can be seen by Lombardo et al. (2018) who studied mental health response
variables as functions of socioeconomic conditions, they did not however appear
to include some form of an instrumental variable. As demonstrated above, de-
pression is a complicated issue. This analysis provides explanations of income
and depression with respect to current understandings of the topic along with
previous literature. How our societies view this topic is constantly changing,
justifying renewed analysis with different techniques and data sets.

2 Data

The data used in this analysis comes from the Integrated Public Use Microdata
Series(IPUMS), a harmonized longitudinal microdata set. More specifically the
data-set utilized is the Medical Expenditure Panel Survey (MEPS). This data
set is constructed from data obtained by the US Census Bureau, the Bureau of
Labor Statistics, the National Center for Health Statistics, and the Centers for
Disease Control. A substantial portion of the funding for IPUMS is provided
by the National Institutes of Health, the National Science Foundation, and the
Food and Drug Administration. We consider these orginizations to be credible
being government departments that specialize in health research and data col-
lection within the US. Additionally, oversight of the data set is conducted by
the University of Minnesota Institute for Social Research and Data Innovation.
IPUMS being overseen by the University of Minnesota bolsters its academic
creditability. This data set covers the years 2010 to 2018 of the United States
population and comprises slightly over 900,000 observations. Adolescents are
not included in this study; thus, any individual under the age of nineteen was
excluded. Additionally, individuals who refused to answer or were never asked
the questions used in these analyses were removed. Ultimately the original data
set was reduced to 200,000 observations. All financial data has been adjusted to
the base year of 2009 using a Consumer Price Index and divided by 10,000 for
ease of interpretation. Two additional variables used in the analysis were con-
structed from the dataset. The first, fracFaminc, represents the percentage of
annual family income that an individual contributes. Notably, negative values
do exist for this attribute and should be interpreted as negative contributions
to a family’s overall income. The second variable, capGain, represents capital
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gains, which is a summation of increased value acquired from an individual’s
assets. This includes income received from interest, dividends, property sales,
rent, and individual retirement accounts.

2.1 Surveys and Variables of Interest

To measure the severity of depression survey responses are used. Two main
tests are employed here: the PHQ-2 and the K9 Scale 1. Seven different sur-
vey results are utilized to gain a better understanding of interactions with both
different tests and questions. The formatting of these questions can be found
in Appendix Figure C. It is hypothesized that there is an inverse relationship
between income and depression. Figures 1 and 2 below support this. Figure
1 compares individual personal income to depression while Figure 2 compares
family total income to depression. The survey question used in both figures
is the PHQDEP 2. In this analysis, larger numbers are interpreted as higher
frequencies of depression. Both Figure 1 and Figure 2 demonstrate that indi-
viduals who score higher on the PHQDEP survey also, on average, have lower
incomes.
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Hypothesized Relationship Between Income and Depression
Figure 1

Note: Outliers Omitted

1Use of these tests is supported by Richardson et al. (2010) and Read et al. (2017)
2See appendix figure D for exact formatting
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Hypothesized Relationship Between Family Income and Depression
Figure 2

Note: Outliers Omitted

Two main income variables and seven survey variables are investigated in
this analysis. The first two variables pertain to an individual’s personal and
family income. The survey questions cover a range of mental health symptoms.
It should be noted that one component of the K9 scale is used as a control for
anxiety 3, rather than being treated as its own dependent variable. Additionally,
it is utilized to control, to the best extent possible, the unobservable differences
in how individuals answer survey questions regarding their own mental health
problems. For this purpose, this control is only valid for the K9 series of ques-
tions. 4 Finally to agree with economic theory diminishing returns to income
is assumed and therefore income is modeled in a quadratic functional form.

2.2 Controls

As discussed previously, mental health is a complex issue with a multitude of
causal variables. Consequently, a host of different controls are employed. Age,
gender, marital status, and education have all been extensively studied as sig-
nificant factors in the depression equation. This is demonstrated by Altemus
et al (2014) and Droogenback et al. (2018). Additionally, the work by Galo-
bardes and Shaw (2006) indicates a common consensus on the importance of
these variables in social studies. Therefore, these variables are included in the

3Appendix figure D; 10 c
4(AEFFORT, AHOPELESS, ANERVOUS, ARESTLESS, ASAD, AWORTHLESS); Ques-

tion 10 appendix figure D
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model. Rosenquist, Fowler, and J.H. (2011) establish a connection with ’social
networks,’ showing that individuals with smaller social networks have higher
rates of depression; hence, family size is included. There exists a long-standing
consensus regarding the correlation between anxiety and depression, as argued
by Dobson (1985) among others. However, anxiety, especially in the field of
economics, has not always been used as a control in similar analyses. Given the
strongly hypothesized omitted variable bias (OVB) that would occur from its
omission, anxiety is included. Fluharty et al. (2016), Paperwalla et al. (2004),
and Mendelsohn et al. (2012) all demonstrate a link between smoking and men-
tal health problems. Additionally, Van Ryn et al. (2000), LaVeist et al. (2005),
and C´enat et al. (2021) argue that race has correlations with depression, a
result of socioeconomic conditions. Spiegel et al. (2003) show that cancer can
contribute to mental health problems 5. In addition, US regions (East, South,
Midwest, and West) are used to control for geographical omitted variable bias.
Lastly, the language in which the interview was conducted is used to control for
potential cultural, socioeconomic, or survey-based differences.

2.3 Instruments

The impact of depression on both employment and productivity is evident in
studies by Dooly et al. (1994), Lerner et al. (2004), and Jefferis et al. (2011).
A bidirectional causal relationship is apparent between income and depression,
justifying the use of instruments. Two instruments are employed in this anal-
ysis. The first is the fraction of family income that an individual contributes,
a concept traced back to Zimmerman. This variable is specifically utilized as
an instrument for personal income. Statistical tests investigating the relation-
ship between income and the percentage of family total income and depression
yielded insignificant results at the 5 percent level. Furthermore, the same tests
demonstrated an extremely significant relationship between percentage income
totals and personal income totals. Additionally, total capital gains are employed
as an instrument for family income total. There is not a substantial amount
of prior literature on using this as an instrument; however, statistical tests in-
dicated that it was highly correlated with family income totals, and not with
depression, making it a reasonably valid instrument.

3 Model

To gain a better understanding of the data, an ordinal logistic model is fit, as-
suming proportional odds. 6 this model is utilized due to the ordered nature
of the response data, where a clear rank and order exist among the dependent
variables. These ranks represent the severity of an individual’s symptoms. As

5It’s important to note that the ’cancer’ variable here refers to ever having been diagnosed
with it, as opposed to currently having it, which is a limitation of the chosen data-set

6For a more in-depth exploration of the theory underpinning ordinal logistic proportional
odds regression modeling, Frank E. Harrell’s book(2001) provides valuable insights
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Harrell explains, there are alternative strategies for fitting this model. However,
the proportional odds variant is chosen for its computational efficiency, which is
particularly advantageous for a model that already demands significant compu-
tation. Moreover, proportional odds is the most commonly used model in social
studies when dealing with ranked dependent variables.

In this model, given that the dependent variables assume J unique values or
categories, the relationship between the dependent variable Y and the indepen-
dent variables Xi can be represented as follows:

Pr [ Y ≥ J | X ] =
1

1 + exp[− (αJ +Xβ)]

The ’Odds’ of being less than or equal to a particular category is thus a
ratio between the cumulative probability above or equal to category J and the
cumulative probability below category J:

Odds =
P (Y ≥ J)

P (Y < J)

Odds values greater than one indicate a higher probability of moving up
or staying in the same depression category, whereas odds values less than one
indicate a higher probability of moving down a category. Importantly, in this
model, J can be interpreted as an intercept. It’s crucial to emphasize, both
here and later, an assumption that J and X do not interact with each other.
Consequently, coefficients represent the marginal impact of X on the probability
or odds of moving up a rank, regardless of the specific category J. Proportional
odds assume that the marginal impact of X remains the same when moving
between levels, ensuring that the effect of X on moving from one level to the
next is consistent. Therefore, the results should be interpreted as the odds
of moving up or down a category in Y when there is a one-unit, binary, or
categorical change in X, with all other factors held constant. Proportional odds
also assume the use of any intercept αj beyond predictive tasks is ubiquitous7.

For the PHQDEP and PHQINT tests, the ordinal values in this model consist
of four ranks for J, while for AEFFORT, AHOPELESS, ARESTLESS, ASAD,
and ARESTLESS predictions, there are five ranks for J. These differences arise
from the nature of each question, with the former having four answer choices
and the latter having five.

4 Results

7The validity of the proportional odds assumption will be tested later on
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Table 1:

PHQDEP PHQINTR AEFFORT AHOPELESS ARESTLESS ASAD AWORTHLESS

(1) (2) (3) (4) (5) (6) (7)

Income Total 0.820∗∗∗ 0.807∗∗∗ 0.865∗∗∗ 0.806∗∗∗ 0.907∗∗∗ 0.789∗∗∗ 0.798∗∗∗

(0.812, 0.828) (0.800, 0.815) (0.858, 0.871) (0.798, 0.813) (0.901, 0.913) (0.781, 0.797) (0.789, 0.806)

Income Total2 1.007∗∗∗ 1.007∗∗∗ 1.005∗∗∗ 1.007∗∗∗ 1.004∗∗∗ 1.008∗∗∗ 1.008∗∗∗

(1.007, 1.008) (1.007, 1.008) (1.005, 1.006) (1.007, 1.008) (1.003, 1.004) (1.008, 1.009) (1.007, 1.008)

N 185,023 185,423 184,665 184,900 184,688 184,868 184,693

AIC 264823.3 277924.4 400227.6 299840.9 425325.7 270840.2 238005.1

Notes: ∗∗∗Significant at the 1 percent level.
∗∗Significant at the 5 percent level.
∗Significant at the 10 percent level.

Table 2:
PHQDEP PHQINTR AEFFORT AHOPELESS ARESTLESS ASAD AWORTHLESS

(1) (2) (3) (4) (5) (6) (7)

Income Total 0.977∗∗∗ 0.967∗∗∗ 0.987∗∗∗ 0.973∗∗∗ 0.999 0.973∗∗∗ 0.954∗∗∗

(0.970, 0.985) (0.961, 0.974) (0.981, 0.992) (0.966, 0.980) (0.994, 1.004) (0.965, 0.980) (0.946, 0.962)

Family Total Income 0.980∗∗∗ 0.986∗∗∗ 0.983∗∗∗ 0.975∗∗∗ 0.994∗∗∗ 0.980∗∗∗ 0.982∗∗∗

(0.976, 0.985) (0.982, 0.990) (0.980, 0.986) (0.971, 0.979) (0.991, 0.997) (0.976, 0.984) (0.977, 0.986)

Female at Birth 1.137∗∗∗ 0.973∗∗ 0.975∗∗ 0.958∗∗∗ 0.931∗∗∗ 1.117∗∗∗ 0.899∗∗∗

(1.109, 1.165) (0.945, 1.000) (0.952, 0.997) (0.930, 0.985) (0.909, 0.953) (1.088, 1.146) (0.868, 0.930)

Divorced 1.274∗∗∗ 1.247∗∗∗ 1.161∗∗∗ 1.262∗∗∗ 1.100∗∗∗ 1.311∗∗∗ 1.210∗∗∗

(1.230, 1.317) (1.205, 1.289) (1.124, 1.197) (1.219, 1.305) (1.065, 1.135) (1.267, 1.356) (1.162, 1.258)

’Poor’ Health Status 10.561∗∗∗ 12.759∗∗∗ 11.933∗∗∗ 8.158∗∗∗ 5.462∗∗∗ 7.548∗∗∗ 8.425∗∗∗

(10.483, 10.638) (12.683, 12.835) (11.864, 12.001) (8.083, 8.234) (5.395, 5.530) (7.470, 7.625) (8.342, 8.508)

Holds a Bachelors Degree (Exclusively) 1.051 0.947 1.092 0.910 1.185∗∗∗ 0.725∗∗∗ 0.869∗

(0.914, 1.187) (0.816, 1.078) (0.978, 1.206) (0.788, 1.032) (1.073, 1.297) (0.597, 0.852) (0.725, 1.013)

Currently Smokes 1.424∗∗∗ 1.345∗∗∗ 1.222∗∗∗ 1.331∗∗∗ 1.384∗∗∗ 1.386∗∗∗ 1.328∗∗∗

(1.390, 1.459) (1.312, 1.379) (1.192, 1.251) (1.297, 1.365) (1.356, 1.413) (1.351, 1.421) (1.291, 1.366)

Ever Been Diagnosed with Cancer 0.978 1.120∗∗∗ 1.153∗∗∗ 0.922∗∗∗ 0.967∗ 0.925∗∗∗ 0.961
(0.933, 1.024) (1.076, 1.163) (1.116, 1.190) (0.876, 0.968) (0.930, 1.004) (0.877, 0.972) (0.911, 1.012)

Nervous ’Some’ of the Time 4.265∗∗∗ 3.624∗∗∗ 4.426∗∗∗ 6.173∗∗∗ 6.419∗∗∗ 4.705∗∗∗ 5.012∗∗∗

(4.229, 4.301) (3.590, 3.657) (4.400, 4.453) (6.138, 6.208) (6.394, 6.444) (4.668, 4.742) (4.969, 5.055)

N 159,988 160,189 159,867 160,163 159,897 160,067 159,949

AIC 172244.8 186565.5 279576.1 194053 281569.9 180235.7 160938.9

Notes: ∗∗∗Significant at the 1 percent level.
∗∗Significant at the 5 percent level.
∗Significant at the 10 percent level.
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Table 3:
PHQDEP PHQINTR AEFFORT AHOPELESS ARESTLESS ASAD AWORTHLESS

(1) (2) (3) (4) (5) (6) (7)

Income Total 0.944∗∗∗ 0.933∗∗∗ 0.959∗∗∗ 0.946∗∗∗ 0.988∗∗ 0.944∗∗∗ 0.914∗∗∗

(0.931, 0.956) (0.921, 0.945) (0.949, 0.969) (0.934, 0.958) (0.979, 0.998) (0.931, 0.956) (0.900, 0.928)

Income Total2 1.003∗∗∗ 1.003∗∗∗ 1.002∗∗∗ 1.002∗∗∗ 1.001∗∗∗ 1.002∗∗∗ 1.003∗∗∗

(1.002, 1.003) (1.002, 1.004) (1.001, 1.003) (1.001, 1.003) (1.000, 1.001) (1.002, 1.003) (1.003, 1.004)

Family Total Income 0.965∗∗∗ 0.974∗∗∗ 0.968∗∗∗ 0.956∗∗∗ 0.981∗∗∗ 0.962∗∗∗ 0.967∗∗∗

(0.957, 0.972) (0.966, 0.981) (0.961, 0.974) (0.948, 0.964) (0.975, 0.987) (0.954, 0.970) (0.958, 0.975)

Family Total Income2 1.001∗∗∗ 1.000∗∗∗ 1.001∗∗∗ 1.001∗∗∗ 1.001∗∗∗ 1.001∗∗∗ 1.001∗∗∗

(1.000, 1.001) (1.000, 1.001) (1.000, 1.001) (1.001, 1.001) (1.000, 1.001) (1.000, 1.001) (1.000, 1.001)

Female at Birth 1.126∗∗∗ 0.963∗∗∗ 0.966∗∗∗ 0.949∗∗∗ 0.926∗∗∗ 1.107∗∗∗ 0.890∗∗∗

(1.097, 1.154) (0.936, 0.990) (0.943, 0.988) (0.921, 0.976) (0.904, 0.948) (1.078, 1.135) (0.859, 0.921)

Divorced 1.266∗∗∗ 1.241∗∗∗ 1.153∗∗∗ 1.253∗∗∗ 1.093∗∗∗ 1.302∗∗∗ 1.204∗∗∗

(1.222, 1.310) (1.199, 1.284) (1.117, 1.189) (1.210, 1.296) (1.057, 1.128) (1.258, 1.347) (1.155, 1.252)

’Poor’ Health Status 10.378∗∗∗ 12.559∗∗∗ 11.745∗∗∗ 8.031∗∗∗ 5.405∗∗∗ 7.427∗∗∗ 8.280∗∗∗

(10.300, 10.455) (12.482, 12.635) (11.677, 11.813) (7.955, 8.107) (5.337, 5.472) (7.349, 7.504) (8.197, 8.363)

Holds a Bachelors Degree (Exclusively) 1.095 0.984 1.137∗∗ 0.945 1.215∗∗∗ 0.752∗∗∗ 0.904
(0.959, 1.230) (0.854, 1.114) (1.024, 1.250) (0.823, 1.067) (1.169, 1.261) (0.625, 0.879) (0.761, 1.047)

Currently Smokes 1.415∗∗∗ 1.338∗∗∗ 1.214∗∗∗ 1.322∗∗∗ 1.379∗∗∗ 1.377∗∗∗ 1.319∗∗∗

(1.380, 1.449) (1.304, 1.371) (1.184, 1.243) (1.288, 1.356) (1.350, 1.407) (1.342, 1.412) (1.282, 1.356)

Ever Been Diagnosed with Cancer 0.978 1.119∗∗∗ 1.151∗∗∗ 0.921∗∗∗ 0.967∗ 0.924∗∗∗ 0.961
(0.932, 1.023) (1.075, 1.162) (1.114, 1.188) (0.875, 0.967) (0.930, 1.004) (0.876, 0.972) (0.911, 1.011)

Nervous ’Some’ of the Time 4.259∗∗∗ 3.617∗∗∗ 4.420∗∗∗ 6.167∗∗∗ 6.413∗∗∗ 4.699∗∗∗ 5.004∗∗∗

(4.223, 4.294) (3.584, 3.651) (4.393, 4.446) (6.132, 6.203) (6.388, 6.438) (4.662, 4.736) (4.960, 5.047)

N 159,988 160,189 159,867 160,163 159,897 160,067 159,949

AIC 172123.3 186453.8 279436.3 193936 281515.6 180125.7 160816.2

Notes: ∗∗∗Significant at the 1 percent level.
∗∗Significant at the 5 percent level.
∗Significant at the 10 percent level.

Table 4:
PHQDEP PHQINTR AEFFORT AHOPELESS ARESTLESS ASAD AWORTHLESS

(1) (2) (3) (4) (5) (6) (7)

Income total(Fitted) 0.968∗∗∗ 0.951∗∗∗ 0.983∗∗∗ 0.975∗∗∗ 0.996 0.967∗∗∗ 0.954∗∗∗

(0.957, 0.979) (0.941, 0.962) (0.973, 0.992) (0.964, 0.986) (0.985, 1.007) (0.955, 0.978) (0.939, 0.969)

Income total(Fitted)2 1.000 1.000 1.000 1.000 1.000 1.000 0.996∗∗∗

(1.000, 1.000) (1.000, 1.000) (1.000, 1.001) (0.999, 1.000) (1.000, 1.001) (1.000, 1.000) (0.993, 0.998)

Family Total Income 0.956∗∗∗ 0.966∗∗∗ 0.960∗∗∗ 0.945∗∗∗ 0.979∗∗∗ 0.954∗∗∗ 0.950∗∗∗

(0.948, 0.963) (0.959, 0.974) (0.954, 0.966) (0.938, 0.953) (0.973, 0.986) (0.946, 0.962) (0.940, 0.959)

Family Total Income2 1.001∗∗∗ 1.001∗∗∗ 1.001∗∗∗ 1.001∗∗∗ 1.001∗∗∗ 1.001∗∗∗ 1.002∗∗∗

(1.001, 1.002) (1.001, 1.001) (1.001, 1.001) (1.001, 1.002) (1.000, 1.001) (1.001, 1.002) (1.002, 1.003)

Female at Birth 1.119∗∗∗ 0.950∗∗∗ 0.967∗∗∗ 0.951∗∗∗ 0.924∗∗∗ 1.100∗∗∗ 0.874∗∗∗

(1.090, 1.149) (0.921, 0.978) (0.944, 0.991) (0.923, 0.980) (0.901, 0.947) (1.070, 1.130) (0.841, 0.906)

Divorced 1.275∗∗∗ 1.255∗∗∗ 1.154∗∗∗ 1.257∗∗∗ 1.092∗∗∗ 1.307∗∗∗ 1.221∗∗∗

(1.230, 1.320) (1.212, 1.298) (1.117, 1.191) (1.212, 1.301) (1.055, 1.128) (1.261, 1.353) (1.171, 1.270)

’Poor’ Health Status 10.404∗∗∗ 12.561∗∗∗ 11.947∗∗∗ 8.151∗∗∗ 5.426∗∗∗ 7.609∗∗∗ 8.227∗∗∗

(10.325, 10.483) (12.483, 12.638) (11.878, 12.017) (8.074, 8.228) (5.357, 5.494) (7.530, 7.687) (8.142, 8.311)

Holds a Bachelors Degree (Exclusively) 1.056 0.992 1.117∗ 0.943 1.216∗∗∗ 0.748∗∗∗ 0.908
(0.917, 1.194) (0.858, 1.127) (1.002, 1.233) (0.818, 1.068) (1.169, 1.262) (0.618, 0.878) (0.762, 1.055)

Currently Smokes 1.418∗∗∗ 1.342∗∗∗ 1.220∗∗∗ 1.326∗∗∗ 1.379∗∗∗ 1.378∗∗∗ 1.324∗∗∗

(1.383, 1.453) (1.308, 1.376) (1.190, 1.249) (1.292, 1.361) (1.350, 1.408) (1.342, 1.413) (1.286, 1.361)

Ever Been Diagnosed with Cancer 0.973 1.116∗∗∗ 1.151∗∗∗ 0.925∗∗∗ 0.969∗ 0.920∗∗∗ 0.962
(0.927, 1.020) (1.072, 1.160) (1.114, 1.189) (0.878, 0.971) (0.932, 1.006) (0.872, 0.969) (0.911, 1.013)

Nervous ’Some’ of the Time 4.266∗∗∗ 3.641∗∗∗ 4.454∗∗∗ 6.169∗∗∗ 6.453∗∗∗ 4.729∗∗∗ 5.066∗∗∗

(4.230, 4.302) (3.607, 3.675) (4.427, 4.481) (6.133, 6.205) (6.428, 6.478) (4.692, 4.767) (5.023, 5.110)

N 157,613 157,613 157,613 157,613 157,613 157,613 157,613

AIC 168085.8 181605.5 273769.4 189283.3 276479.6 175419.6 156815.7

Notes: ∗∗∗Significant at the 1 percent level.
∗∗Significant at the 5 percent level.
∗Significant at the 10 percent level.
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Table 5:
PHQDEP PHQINTR AEFFORT AHOPELESS ARESTLESS ASAD AWORTHLESS

(1) (2) (3) (4) (5) (6) (7)

Income Total 0.934∗∗ 0.889∗∗∗ 0.902∗∗∗ 0.982 0.986 0.967 0.881∗∗∗

(0.871, 0.998) (0.827, 0.950) (0.853, 0.952) (0.917, 1.047) (0.938, 1.034) (0.898, 1.036) (0.810, 0.952)

Income Total2 1.001∗∗ 1.002∗∗∗ 1.001∗∗ 1.003∗∗∗ 1.000 1.001 1.003∗∗∗

(1.000, 1.003) (1.001, 1.004) (1.000, 1.002) (1.001, 1.004) (0.999, 1.001) (1.000, 1.003) (1.001, 1.004)

Family Income Total(Fitted) 0.973 1.021 1.025 0.931∗∗ 0.981 0.939∗ 1.004
(0.912, 1.034) (0.961, 1.080) (0.977, 1.073) (0.868, 0.994) (0.934, 1.027) (0.872, 1.006) (0.936, 1.072)

Family Income Total(Fitted)2 1.002∗∗∗ 1.001 1.001∗∗∗ 1.000 1.001∗∗∗ 1.002∗∗∗ 1.001∗

(1.000, 1.003) (1.000, 1.002) (1.000, 1.002) (0.999, 1.001) (1.001, 1.002) (1.001, 1.003) (1.000, 1.002)

Female at Birth 1.125∗∗∗ 0.942∗∗∗ 0.940∗∗∗ 0.976 0.924∗∗∗ 1.125∗∗∗ 0.878∗∗∗

(1.083, 1.167) (0.901, 0.982) (0.907, 0.973) (0.934, 1.018) (0.893, 0.956) (1.080, 1.169) (0.832, 0.925)

Divorced 1.300∗∗∗ 1.352∗∗∗ 1.293∗∗∗ 1.171∗∗∗ 1.104∗∗ 1.251∗∗∗ 1.289∗∗∗

(1.184, 1.415) (1.239, 1.464) (1.202, 1.384) (1.052, 1.290) (1.016, 1.192) (1.125, 1.377) (1.160, 1.418)

’Poor’ Health Status 10.514∗∗∗ 12.961∗∗∗ 12.340∗∗∗ 7.985∗∗∗ 5.441∗∗∗ 7.537∗∗∗ 8.494∗∗∗

(10.429, 10.600) (12.877, 13.045) (12.266, 12.414) (7.901, 8.069) (5.368, 5.514) (7.450, 7.624) (8.402, 8.586)

Holds a Bachelors Degree (Exclusively) 1.043 0.936 1.050 0.990 1.209∗∗∗ 0.770∗∗∗ 0.852∗

(0.888, 1.198) (0.785, 1.086) (0.922, 1.177) (0.846, 1.134) (1.084, 1.335) (0.619, 0.921) (0.687, 1.018)

Currently Smokes 1.424∗∗∗ 1.368∗∗∗ 1.250∗∗∗ 1.309∗∗∗ 1.380∗∗∗ 1.365∗∗∗ 1.346∗∗∗

(1.382, 1.467) (1.326, 1.409) (1.214, 1.285) (1.266, 1.352) (1.346, 1.415) (1.320, 1.409) (1.299, 1.392)

Ever Been Diagnosed with Cancer 0.973 1.108∗∗∗ 1.138∗∗∗ 0.931∗∗∗ 0.968∗ 0.926∗∗∗ 0.959
(0.926, 1.021) (1.063, 1.154) (1.099, 1.176) (0.883, 0.979) (0.930, 1.007) (0.876, 0.976) (0.907, 1.011)

Nervous ’Some’ of the Time 4.258∗∗∗ 3.623∗∗∗ 4.420∗∗∗ 6.189∗∗∗ 6.445∗∗∗ 4.738∗∗∗ 5.049∗∗∗

(4.221, 4.295) (3.589, 3.658) (4.393, 4.447) (6.153, 6.226) (6.420, 6.471) (4.699, 4.776) (5.004, 5.093)

N 157,613 157,613 157,613 157,613 157,613 157,613 157,613

AIC 168150.8 181612.6 273848.9 189426 276504.4 175481.6 156835.5

Notes: ∗∗∗Significant at the 1 percent level.
∗∗Significant at the 5 percent level.
∗Significant at the 10 percent level.

Table 1 demonstrates a fitted model for personal income total without any
controls. Here, a statistically significant relationship is observed, indicating that
increases in an individual’s income make it more likely for the individual to be
placed at a lower rank in all tests. In Tables 3, 4, and 5, a statistically signif-
icant relationship can be observed between income levels and depression when
controlling for omitted variable bias. In the latter two, causal directionality
can also be hypothesized. All data points show an extremely strong statistical
significance, however with limited model predictive power according to the gen-
erated AIC value. Additionally as demonstrated by lower AIC values in Table 3
compared to Table 2 it can be shown that the quadratic functional form of the
model saw better fits when using the same data 8. Ultimately, A value less than
one indicates that a per unit change in X would make it more likely to move
down a rank [0,1,2,3]. Considering that lower survey scores indicate less severe
depressive symptoms, it can be interpreted that coefficient values less than one
contribute to individuals being less depressed, and vice versa for coefficient val-
ues greater than one. Most results here suggest a negative relationship between
income and mental health symptoms. Calculation of odds ratios for quadratic
fit variables can be seen as9:

8the apex of this function was about 130,000 which is reasonable for the distribution of
this studies data, see summary statistics in appendix

9one first would need to take the natural log of the coefficient if using the odds ratios in
the tables above
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Odds = exp( ̂IncomeTotal ∗ ̂IncomeTotal2)

As income decreases, all else held constant, the likelihood of an individual
moving down a category in each test increases. This can also be phrased as:
a randomly selected individual with a higher income is more likely to be less
depressed than a randomly selected individual with a relatively lower income.
Notably for personal income, feelings of worthlessness saw the greatest increases
in odds with corresponding decreases in income. The lack of impact of income
on column five could result from similarities between the restlessness variable
and the anxiety variable, which is controlled for, as individuals who are restless
are also very likely anxious and vice versa. However, correlation tests between
anxiety and other variables showed no larger correlations than they had with
restlessness. The instrument that had the most impact on results was that of
capital gains, which for multiple test categories displays a positive relationship.
An alternative way to view these relationships can be seen in the appendix in
Figures 4 and 5. Figure 5 demonstrates the predicted change in the likelihood of
being placed in a respective PHQDEP category, all else constant. More clearly,
the graph demonstrates a 100,000 dollar increase in income causing about a 1
percent higher likelihood of being in PHQDEP category zero; for an individual
answering that in the past two weeks, they have been feeling down, depressed, or
hopeless, ’Not at all’. Results here do seem to support Zimmerman et al.’s claim
that initially, a relationship does seem to exist between income and depression;
however, once controlling for omitted variables, this relationship becomes less
distinct. However, there is still an impactful relationship between income and
depression shown here, one which shouldn’t be discredited.

4.1 Proportional Odds

The key assumption for an ordinal logistic proportional odds model is, expect-
edly, proportional odds. This implies that the odds of moving from one category
to another are the same across all ranks. Essentially, it assumes that the inde-
pendent variables X are independent of J, and that an interaction between X
and Y would equate to nothing. Although there is no universal method to test
this assumption, Harrel outlines certain strategies to analyze it. Figure 3 illus-
trates a proportional odds test for the PHQDEP survey question and Personal
and Family Income totals.
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Figure 3 displays regression coefficients at different cutoff points for income
values. For example, the top row of values indicates that the logit for total
income values greater than -182.75 and less than 9.17 is approximately negative
1. The triangle points are used to normalize the coefficients to a similar value,
which is zero. The crosses illustrate odds ratios for having a PHQDEP score
of 2, while the X’s illustrate odds ratios for having a PHQDEP score of 3. A
model that perfectly adheres to the proportional odds assumptions would have
points all maintaining the same odds value, such as the triangles. From Figure
3, we can derive that proportional odds for this model are relatively strong
for PHQDEP scores of 2. However, proportional odds are not as strong for
PHQDEP scores of 3. Given this, the model’s ability to predict higher levels of
PHQDEP depression could have less accuracy.

5 Discussion

The analysis conducted in this paper demonstrates a statistically significant re-
lationship between income and mental health symptoms when controlling for
both biological and socioeconomic factors. Moreover, the use of instrumental
variables in this analysis strengthens such conclusions. These findings align with
prior research in this area. Given the wide range of costs associated with mental
health problems and the established causal relationships between income and
mental health problems, there is substantial justification for this work in both
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the public and private sectors. As argued earlier, a government should strive
to maximize society’s happiness and life satisfaction. This work sheds light on
components involved in happiness and well-being, thus guiding the decisions
made by public officials. That being said, there are limitations to this research.
Firstly, there is the issue of external validity. The study exclusively focuses on
the US population. While the work by Layte. R. justifies a degree of external
validity applicable to Western nations, there is little to no proof of external
validity in other regions of the world. Secondly, survey data is susceptible to
various problems. Historically in America, mental health has been stigmatized
for some time, likely causing people to answer mental health questions untruth-
fully. Additionally, not everyone assigns identical numerical scores to the same
mental health severity; two individuals experiencing the same degree of mental
trauma may assign different rankings to it. Any systemic problems in how US
individuals answer survey data are not captured in this analysis, as there is
no universally agreed-upon control for such issues. Despite using factors such
as sex to attempt to control for such, there likely exists immeasurable factors
10. Thirdly, testing of proportional odds assumptions raises concerns about the
validity of coefficients in this analysis. However, Harrell posits that these as-
sumptions can be somewhat relaxed, but there is still no common consensus
on to what extent a violation here invalidates results. Nonetheless, the primary
understanding to be derived here is an existing relationship between income and
depression. In conclusion, it is evident, as proven here, that income is heavily
correlated with variables that play a significant role in mental health problems
while also being a determinant itself.
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Á., Svab, I. (2011). Associations between unemployment and major depressive
disorder: evidence from an international, prospective study (the predict cohort).
Social Science Medicine.

Richardson, L. P., Rockhill, C., Russo, J. E., Grossman, D. C., Richards,
J., McCarty, C., ... Katon, W. (2010). Evaluation of the PHQ-2 as a brief
screen for detecting major depression among adolescents. Pediatrics, 125(5),
e1097-e1103.

Read, J. R., Sharpe, L., Modini, M., Dear, B. F. (2017). Multimorbidity
and depression: a systematic review and meta-analysis. Journal of affective
disorders, 221, 36-46.

15



7 Appendix

A Summary Statistics

B Variable Key

16



C Survey Questions

17



D Change in Probabilities

18


