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Abstract

Background—The objective of this study is to investigate the association between childhood
trauma and lipid profiles in adults from a highly traumatized population at-risk for cardiovascular
disease.

Method—We recruited 452 participants, primarily African American, low socioeconomic status
from general medical clinics in a large urban hospital. We performed direct comparisons,
univariate ANOVA and regression analyses together and separated by sex, examining the
associations of child abuse, BMI, lipid lowering drug use, blood pressure, age, and substance use
to HDL levels and HDL/LDL ratios.

Results—A history of moderate to severe levels of childhood trauma and abuse was associated
with a significant decrease in HDL levels (p<0.01) and HDL/LDL ratios (p<0.001) relative to
males with low levels of abuse. This relationship held when the status of lipid-lowering drugs was
considered. When controlling for age, substance abuse, tobacco use, and adult trauma, the effects
of childhood trauma remained significant. We found a significant child abuse by sex interaction on
HDL/LDL ratios (F(1, 369)=13.0, p<0.0005) consistent with a differential effect of trauma on
dyslipidemia in male but not female subjects
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Conclusions—Our data suggest that childhood trauma exposure, obtained with self-report
measures, may contribute to increased risk of cardiovascular disease by way of stress-mediated
alterations of lipid concentration and composition in male, but not female, subjects.
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Introduction

Exposure to chronic stress and/or traumatic experience during development has been shown
to result in dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis during adult life
in both animal (1) and human (2) models. The consequences of developmental stress
exposure appear to be, in part, through altered sensitivity of the neuroendocrine response to
environmental demands resulting in dysregulation of cortisol release. Evidence of HPA axis
disturbances has been demonstrated via altered cortisol secretion among maltreated and
neglected children (3) and maltreated children with symptoms of post-traumatic disorder
have also been shown to have elevated cortisol levels throughout the day (4). Dysregulated
HPA function is also associated with many components of metabolic and cardiovascular
disease.

The experience of abusive or traumatic experiences during childhood is also associated with
increased rates of obesity, ischemic heart disease, and type 2 diabetes mellitus during
adulthood (5-10). Although the high prevalence of various forms of cardiometabolic disease
in the African American population is well established, the reasons for this important health
disparity are unclear (11-15). Some investigators have found that socioeconomic status
(SES) plays an important role in health disparity (16).

Previous studies have found that many urban, low-SES minority populations are exposed to
extremely high rates of trauma during the course of their lifetime, putting them at an
increased risk for post-traumatic stress disorder (PTSD) (18-21). Furthermore, exposure to
childhood trauma is one of the largest risk factors for the later development of PTSD and
other stress-related disorders (20, 22-31, 34, 51). Exposure to trauma and diagnosis of
PTSD are associated with greater rates of physical morbidity and mortality, as well as
increased health care utilization and expenses (22-25). In addition, trauma exposure and/or a
diagnosis of PTSD are associated with a variety of metabolic abnormalities (26—-31) which
may contribute to the adverse health outcomes repeatedly observed in low-SES minority
populations. Consistent with these findings, elevated rates of diabetes and cardiovascular
disease have been reported in civilians and combat veterans with PTSD (32, 33).

One possible mechanism whereby trauma exposure and/or the presence of stress-related
psychiatric disorders that are observed in low-SES, urban African American populations
(18, 20) may contribute to cardiometabolic disease is through pathological alteration of lipid
metabolism. Catecholamines, such as epinephrine and other counter-regulatory hormones
released during acute stress, function to increase circulating levels of glucose and fatty acids
to provide fuel for an adaptive response to threat. However, frequent stimulation of the
stress response as a result of ongoing exposure to environmental stress may result in
persistent metabolic dysregulation in the form of hyperglycemia and dyslipidemia.

Because exposure to childhood abuse has been associated with an exaggerated biological
response to stress as well as increased risk for cardiometabolic disease, we hypothesized that
exposure to high rates of child abuse would be associated with lipid profiles predictive of
cardiometabolic risk.
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Methods

2.1. Recruitment and general study procedures

The data for this study was collected to investigate the effects of childhood trauma on
circulating HDL levels and HDL/LDL ratios. The data were drawn from a larger sample of
participants enrolled in a study that examines the risk factors for PTSD in an urban, low-
income, predominantly AfricanAmerican population (20, 34). A total of 452 were examined
for whom we have childhood trauma and other medical data, although fewer subjects were
examined for some analyses when not all data variables were available, as noted in results.
Individual subjects were recruited from waiting rooms in multiple primary care clinics at
Grady Memorial Hospital, a publicly funded hospital primarily serving individuals of low
SES in Atlanta, GA. Prospective subjects were invited to complete a screening interview,
and a subset of subjects returned for additional study visits to participate in more in-depth
psychiatric interviews and physiological assessments. Demographic data were ascertained
through subject self-report. As part of the multiday study, subjects underwent psychological
assessments, a physical examination, a fasting morning blood draw and anthropometric
measurements. To be eligible for participation, subjects had to be at least 18 years or older,
provide informed consent and be able to speak English. Subjects were excluded if they had
active/unstable psychotic symptoms or prominent suicidal ideation at the time of the study,
had dementia, were pregnant, or took oral corticosteroids within the past month. All other
subjects from whom we collected metabolic data were included from the larger study. A
detailed account of the general Grady Trauma Project study methods has been previously
published and can be found in Gillespie et al. (20). The final sample size included 452
subjects with self-report data and HDL/LDL measures, and a lesser number of subjects for
some specialized analyses (including medication history and specific substance abuse
measures).

2.2. Measures of Demographic and Health Characteristics, Substance Abuse, Trauma
Exposure and Psychiatric Symptoms and Diagnoses

2.2.1. Demographics Form—The Demographics Form is locally developed and assesses
subject age, self-identified race, marital status, education, income, employment, and
disability status.

2.2.2. Kreek-McHugh-Schluger-Kellogg Scale—The Kreek-McHugh-Schluger-
Kellogg scale (KMSK) is designed to quantify self-exposure to opiates, cocaine, alcohol,
and/or tobacco. Each section of the KMSK scale assesses the frequency, amount, and
duration of use of a particular substance during the individual’s period of greatest
consumption. The scale also assesses the mode of use, whether the substance use is current
or past, and whether each substance is the substance of choice (40). The KMSK provided a
continuous measure for lifetime history of substance abuse. This measure also
complemented our self-report inventory of presence or absence current and past substance
abuse.

2.2.3. Traumatic Events Inventory—The Traumatic Events Inventory (TEI) (20,34) is a
14- item instrument for assessing exposure to traumatic events in childhood and adulthood.
For each traumatic life event, the TEI assesses experiencing and witnessing of events
separately. In addition to assessing the presence and absence of each type of trauma
exposure, the TEI also assesses frequency of exposure within each type of trauma. The TEI,
which was developed for use with our specific study population, is similar in number of
questions and format to other self-report assessments of trauma exposure (see Cusack et al.
(35) and Norris et al. (36) for a review of self-report instruments of civilian trauma
exposure).
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2.2.4. Childhood Trauma Questionnaire—The CTQ (47-49) is a 28-item, self-report
inventory assessing three types of child abuse: sexual, physical, and emotional. Cutoff
scores for each category have shown excellent sensitivity and specificity in correctly
classifying cases of abuse (47,50). The CTQ yields a total score and subscale scores for each
of the 3 types of child abuse. Bernstein and Fink (48) established scores for mild, moderate
and severe for each type of abuse. To summarize the level of exposure to child abuse
trauma, we summed the total number of different types of child abuse trauma to create a 3-
level categorical variable (0, 1, =2) reflecting number of types of child abuse trauma because
in our prior work (20, 24, 51) it relates in a predictable and consistent manner with a number
of measures of adaptive functioning and trauma-related functioning.

2.2.5. Clinician Administered PTSD Scale—PTSD symptoms and PTSD diagnosis
were assessed using the Clinician Administered PTSD Scale (CAPS) (37,38). The CAPS is a
structured interview with excellent psychometric properties (39) that provides a diagnosis of
PTSD and can also be used as a continuous measure of PTSD symptomatology. A current
(last 30 days) or lifetime diagnosis of PTSD was based on the presence/absence of each of
the Diagnostic and Statistical Manual of MentalDisorders, Fourth Edition (DSM-1V)
diagnostic criteria using a frequency rating of 1 or higher paired with an intensity score of 2
or higher as the scoring rule.

2.2.6. Modified PTSD Symptom Scale—The Modified PTSD Symptom Scale (MPSS)
18-item psychometrically valid self-report scale assessing PTSD symptoms over two weeks
prior to the rating, according to DSM-IV criteria (41, 42). Within our cohort it was cross-
validated with the CAPS for a subset of subjects.

2.2.7. Beck Depression Inventory—The Beck Depression inventory is a widely used
self-report measure of depressive symptoms in clinical and non-clinical populations (43, 44).
Itis a 21- item psychometrically valid self-report scale which aims to assess depression
symptom severity during the past month.

2.3. Anthropometric, Physiological, and Laboratory Measures and Prescription Medication

History

A study physician determined each subject’s eligibility based on a medical examination at
the beginning of the study visit or based on review of records from a medical exam by a
Grady Hospital physician completed within 2 months of study participation. Blood pressure,
weight (kg), and height (cm) were obtained by trained nursing staff at the Grady Hospital
Clinical Research Center. Fasting blood samples were obtained by venipuncture between
0800 and 0900 h during the baseline study assessment for each subject. Serum samples were
obtained, processed, and then stored at —80°C for later processing in batches. Triglyceride
(TG) and glucose were measured by enzymatic methods using reagent kits from Beckman
Coulter Diagnostics (Fullerton, CA, USA). High-density lipoprotein (HDL) was ascertained
by homogenous enzymatic methods using kits from Equal Diagnostics (Exton, PA, USA).
Prescription medications were recorded for use in data analyses.

2.4. Statistical Methods

Subjects were stratified into low and high levels of childhood trauma exposure using data
from the CTQ. To summarize the level of exposure to child abuse trauma, we summed the
total number of different types of child abuse trauma to create a 3-level categorical variable
(0, 1, =2) reflecting number of types of child abuse trauma as in our prior work, (20, 34, 51)
where it relates in a predictable and consistent manner with a number of measures of
adaptive functioning and trauma-related functioning. For our analyses, subjects with 0 or 1
type of child abuse trauma exposure were classified as having “low” childhood trauma
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exposure whereas subjects with >2 types of child abuse trauma exposure were classified as
having “high” child abuse trauma exposure, based on these and other prior studies.

We performed all analyses using SPSS (v. 20). One-way analysis of variance (ANOVA)was
performed to assess differences in continuous demographic (age), post-traumatic stress
symptom (PSS total score and PSS subscale scores), depressive symptom (BDI total score),
body mass index (BMI), and systolic and diastolic blood pressure variables between study
samples. For categorical variables (sex, monthly income, education, lifetime smoking
history, receipt of prescription for lipid-lowering medication), we used chi-squared tests to
determine statistical differences between samples with low or high childhood trauma
exposure. We examined the effect of childhood trauma exposure level with respect to these
variables using chi square tests, t-tests, and ANOVA. The relationships between child abuse
exposure as a continuous variable (CTQ total score and subscale scores) and continuous
cholesterol (serum HDL and HDL/LDL ratio) variables were examined using bivariate
correlation.

Linear regression was used to examine the effects of potential confounders in study
analyses. Several regressions were performed, and tables 2-3 list two sets of potential
confounders that were based on two different potential hypotheses: 1) that the phenomenon
was due to differential levels of lipid-lowering medications as a function of childhood
trauma (for example, those with a history of abuse may be less likely to seek medical care
and thus less likely to receive lipid lowering medications); and 2) Other demographic and
trauma-related risk factors that are known to be associated with cardiometabolic disease
(age, race, alcohol use, tobacco and adult trauma exposure) may be accounting for the
primary effect of childhood trauma exposure (which may also be associated with these
separate risk variables).

3.1. Demographic Characteristics, Past Substance Abuse, and Psychiatric Symptom
Scores of Subjects with Low and High Levels of Childhood Abuse

In our initial analysis, we used data from the CTQ to dichotomize our sample of (N=452)
male and female subjects into two groups composed of subjects with either low (N=238) or
high (N=214) levels of childhood abuse. Table 1 outlines the demographic characteristics
and levels of depressive and post-traumatic stress symptoms in these subjects. There was a
significantly (p<0.001) greater percentage of female subjects in the high childhood abuse
category (68.7%) than in the low abuse category (52.5%). We did not observe significant
between-group differences with respect to subject age, race, level of education, and monthly
household income. In addition, a significantly (p<0.026) greater percentage of subjects with
a history of high child abuse exposure (41.6%) self-reported a past history of drug abuse
than subjects with a history of low child abuse exposure (31.5%). Finally, subjects with high
levels of child abuse exposure had significantly higher current depressive (F(1,452)=37.53,
p<0.001) and post-traumatic stress (F(1,452)=59.96, p<0.001) symptom scores compared to
subjects with low levels of child abuse exposure replicating (34, 51) and others (7, 18-19)
previous findings.

3.2. Cardiovascular Risk and Prescription Medication Characteristics of Subjects with Low
and High Levels of Childhood Abuse

We next examined between-group differences in subjects with low and high levels of
childhood abuse exposure with respect to the prevalence and extent of cardiovascular
disease risk factors and the prevalence of receipt of a prescription for a medication used to
treat dyslipidemia. With the possible exception of BMI (F(1,419)=4.71, p=0.03), we did not
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identify significant differences (Table 1) between the low and high childhood abuse groups
on measures of cardiovascular risk factors (BMI, systolic/diastolic blood pressure, lifetime
history of smoking) and receipt of a prescription for medications used to treat dyslipidemia.

3.3. Effects of Sex and Childhood Abuse Severity on Cholesterol Levels

We next wished to examine continuous measures of child abuse, in contrast to the
categorical definitions used above. In male, but not female subjects, continuous measures of
childhood abuse were negatively correlated with HDL/LDL ratio (N=180, Pearson r=
-0.183, p=0.01). This effect was observed in all subtypes of child abuse, but the continuous
measure of physical abuse was the most strongly inversely correlated with HDL/LDL ratio
(N=180, r=—0.217, p=0.003). There were no significant correlations between child abuse
and HDL/LDL ratio in the female cohort.

A comparative group analysis was next performed to further explore childhood abuse
history and its relationship to circulating levels of HDL and HDL/LDL ratio. Male subjects
with a history of high levels of child abuse were found to have significantly lower levels of
circulating HDL (mean = 44.5 mg/dL) compared to males with little to no child abuse
history (mean=50.3 mg/dL; F(1, 180)=6.80, p=0.01; Figure 1A). In contrast, female HDL
levels were not significantly different based on child abuse history. When HDL/LDL ratios
were examined, a similar but more pronounced effect was seen for male HDL/LDL ratio
based on abuse history. Males with history of high levels of child abuse have considerably
lower HDL/LDL ratios (mean= 0.44) compared to males with little to no child abuse history
(mean=0.56; F(1, 180)=12.0, p=0.001; Figure 1B), resulting in an approximately 22%
decrease in lipid ratio as a function of child abuse levels. Female HDL/LDL lipid levels
were not significantly different based on child abuse history. Notably, these effects of child
abuse history on HDL and HDL/LDL lipid levels were not accounted for by BMI, since
when we covary for BMI, these main effects are maintained (Childhood trauma covarying
for BMI: HDL, p<0.05, HDL/LDL ratio, p<0.01).

3.4. Childhood Abuse Severity as a Predictor of Lipid Levels

Using a univariate ANOVA model, the ability of child abuse history to predict lipid levels
was explored when also accounting for the other potential trauma-related variables outlined
in Table 1. We found that despite controlling for age, race, levels of adult trauma exposure
(TEI), PTSD symptoms (PSS) and depression symptoms (BDI), the effect of childhood
abuse (low vs. high as outlined above) was associated with HDL/LDL ratio in men but not
women (Men: F(1, 180)=6.0, p=0.015; Women: F(1, 272)=2.0, p=0.160).

To further examine the effect of child abuse history on the HDL/LDL ratio as a function of
sex, and other potential risk variables, a model was created accounting for lifetime alcohol
and tobacco use, depression symptoms, and PTSD symptoms. Childhood abuse level and
sex show a significant interaction on HDL/LDL ratios (abuse x sex interaction F(1,
369)=13.0, p=.0004) with males that have a moderate to severe abuse history displaying a
low ratio of HDL/LDL (mean = 0.44) and males with little to no abuse history displaying a
ratio of (mean =0.57). Females with little to no abuse history trended towards an opposite
effect, but without significance effect as a function of abuse.

3.5. Childhood Abuse Predicts Lipid Levels when Controlling for Cardiometabolic
Confounders

A possible reason for these findings is that subjects with a history of childhood trauma may
be more likely to have dyslipidemia due to decreased self-care, and thus decreased
likelihood of preventative cardiovascular healthcare, as well as increased risk of other
factors associated with disease such as smoking, alcohol, and trauma exposure.
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Thus, we next examined whether level of childhood abuse would predict HDL/LDL ratios
when examined controlling for other cardiovascular risk factors and examining continuously
instead of categorically. To control for the potential effects of lipid lowering drugs, we did
this by performing a linear regression to predict HDL/LDL ratios, with prescription of statin
and non-statin lipid-lowering drugs in the first model, followed by adding total CTQ score
as a continuous predictor in the second model (Table 2). We found that in men, but not
women, continuous CTQ total score inversely predicted HDL/LDL ratio, even after
controlling for medications which target dyslipidemia (standardized f=—0.234, p<0.05).

Finally, we examined whether the continuous childhood trauma measure was associated
with continuous HDL/LDL ratios when controlling for other potential demographic and
trauma variables frequently associated with dyslipidemia. In this linear regression predicting
HDL/LDL ratio, step 1 included age and race; step 2 added lifetime alcohol and tobacco;
step 3 added total adult trauma exposure; and step 4 added the childhood trauma level
(CTQ) as above. We found that in men, but not women, continuous childhood trauma levels
inversely predicted HDL/LDL ratio despite all other variables (standardized f=—-0.179,
p<0.05, Table 3).

Discussion

Using data obtained from (N=452)male and female subjects from an at-risk low SES
population recruited from the general medical clinics of a large urban hospital, we found that
exposure to child abuse was associated with low HDL/LDL ratios and low HDL levels in
male but not female subjects. Even after evaluating multiple potentially confounding
variables that were differentially associated with childhood trauma in our cohort (substance
abuse, depression symptoms, PTSD symptoms, and BMI) as well as separately controlling
for other a priori variables that have previously been associated with cardiometabolic
risk(age, race, level of adult trauma exposure, alcohol use, tobacco use, and prescribed lipid-
lowering medications), this association remained significant.

These data suggest that the previously separately observed increased rates of childhood
trauma exposure and cardiovascular risk factors found in low-income African Americans,
may be related through heightened rates of cardiometabolic risk, in particular dyslipidemia.
The results are similar to those found in other studies exploring the association between
trauma and elevated lipids and increased rates of cardiovascular disease in very different
populations. For example, studies of civilian police officers with significant trauma exposure
have also identified associations between a diagnosis of PTSD and the presence of lipid
abnormalities (29).

However, this is the first study that we are aware of in which the role of childhood trauma
exposure has been examined in a low SES population with known health disparities in
cardiovascular disease. It is possible that this association may underlie some of the known
correlations between stress, trauma and adverse cardiovascular events. Although it is also
possible that low childhood maltreatment may serve as a protective factor against other SES-
associated risk factors. This cohort also experiences high rates of childhood maltreatment,
abuse and neglect. Long-term impacts of childhood maltreatment include higher rates of
unemployment and poverty. Additionally, adults who are physically abused, sexually
abused, or severely neglected as children are significantly more likely to be unemployed and
to live below the poverty line than people without a history of childhood maltreatment.
Notably, having experienced more than one type of maltreatment increases these risks even
further (46).
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Several limitations are also important to note from this work. The childhood trauma
exposure data were obtained with an entirely retrospective, self-report measure from an
adult population, which carries the risk of potential biases. However, many prior studies
have addressed this potential concern within this and other cohorts, without evidence for it
as an important confounding variable, and in fact, for some of the specific child
maltreatment variables our data may still provide an underestimate. Additionally, many
well-known risk factors for dyslipidemia include lifestyle variables such as diet and
exercise, which we did not collect in our sample. Future studies should examine the
associations between trauma history and dyslipidemia while controlling for the important
potential effects of diet and exercise.

Interestingly, in our study, we found the association between childhood maltreatment and
lipid-related cardiovascular risks to be only significant for males. While at this point we do
not have data to suggest why we do not see this effect in women, we can hypothesize that
females may be partially protected from the dyslipidemia effects of childhood trauma due to
estrogen, progesterone, or other sex-specific protective hormones.

African-American men are the highest risk population within the United States for
myocardial infarction, stroke, and other severe medical comorbidities related to
dyslipidemia and cardiovascular disease. An often overlooked risk factor for these processes
is the increased rate of chronic, lifetime, and childhood stress and trauma that this cohort is
also exposed to, which is in large part associated with poverty. Although replications and
extensions are needed, such as exploring the influence of diet and exercise on this effect, our
data suggest a link between childhood trauma exposure and dyslipidemia in this at-risk
urban male population which may contribute to their increased lifetime risk for
cardiovascular disease.
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Figure 1. HDL and HDL/LDL ratios are lower in men with a history of child abuse

(A) When looking specifically at circulating HDLs, males with a moderate to severe child
abuse history have markedly decreased levels of this protective lipid compared to males with
little to no child abuse history. Female HDL lipid levels were not significantly different
based on child abuse history. (B) Males with moderate to severe child abuse history have
considerably lower HDL/LDL ratios compared to males with little to no child abuse history.
Female HDL/LDL lipid levels were not significantly different based on child abuse history.
Bar graphs show mean + s.e.m.
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Demographic Characteristics, Past Substance Abuse, Psychiatric Symptoms, and Cardiovascular Risk in all
Subjects, divided by Low vs High Levels of Child Abuse

Demographic Variable (units) Low Child Abuse | High Child Abuse | F value | Pvalue
Mean £ sem, N Mean £ sem, N
Sex (% Female) 52.5+3.2,238 68.7 +3.2, 214 12.58 <0.001
Age (years) 433+ 85,238 412+ .82, 214 3.06 0.081
Race (% African Am.) 92%, 238 90.2%, 214 0.87 0.35
Education (Highest Grade) (0-6 scale)” 1.57+.09, 238 1.66+.10, 214 0.46 050
Income (monthly) (04 scale)** 1.50 + .08, 232 1.60 + .09, 209 0.64 0.43
Substance Abuse in past (%) 31.5+3.0,238 41.6 £3.4,214 4.98 0.026
Depression symptoms (BDI score) 12.5 + .65, 238 19.4 + .93, 214 375 <0.001
PTSD symptoms (mPSS score) 10.8 £.70, 238 19.2 £ .85, 214 60.0 <0.001
Cigarette Smoker (% lifetime) 0.49 + .05, 87 0.52 + .06, 85 0.09 0.76
Weight (kg) 91.2+1.7, 226 94.2+2.0, 204 1.38 0.24
Body Mass Index (BMI) 31.9 + .58, 220 33.8+.69, 199 4.71 0.03
Statins (% prescribed) 21.0£3.0, 146 16.0 £ 3.0, 137 1.24 0.27
Nonstatin Lipid Medication (% prescribed) 3.0+1.0, 146 1.0+ 1.0, 136 1.10 0.29
Blood Pressure (systolic mmHG) 1276 £ 1.4, 228 1275+ 1.4, 204 .003 0.96
Blood Pressure (diasystolic mmHG) 75.9 + .80, 228 76.1 + .86, 204 .025 0.87

*
Highest grade completed variable is coded 0-6 based on completion of some grade school to advanced degrees.

*

*
Household monthly income is divided into categories of monthly income of: 0=<$250; 1=<$500; 2=<$1000; 3=<$2000; 4=>$2000.
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