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Abstract

Background: Lower socioeconomic status has been associated with adverse lipid levels in adult populations.
Childhood dyslipidemia is a risk factor for future cardiovascular disease. However, studies examining relationships
between socioeconomic indicators and lipid levels in children are limited. To examine the relationship between

income level and lipid levels in childhood.

Methods: We conducted a retrospective chart review of primary care patients, ages 2 to 18 years, who had
lipid levels drawn at two large pediatric practices in Boston, MA between August 01, 2008 and August 31, 2010.

Income level was determined using geocoding census tract data. Analysis was performed using t-test, Anova and
Spearman correlation coefficients. BMI percentile, age, sex, race/ethnicity, and site were adjusted for on multivariate
analyses.

Results: Reviewing 930 charts of patients with measured lipid levels, 730 had a valid address, no previously diagnosed

lipid disorder and met other study eligibility criteria. Mean total cholesterol level did not vary by income level (low 155.
5 mg/dl £26.9, moderate 153.5 mg/dl +304, middle 155.3 mg/dl £26.6 and high income 155.5 mg/dl +27.9; p = .87) on

multivariate analysis. Income level was not related to LDL, HDL, or triglycerides.

Conclusions: In this analysis of children cared for in two urban pediatric primary practices, there was no association
between income level determined by census tract and lipid levels in childhood. If confirmed in prospective
investigations in other geographical locations, income level may not be a key driver of childhood lipid levels.
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Background
Dyslipidemia, a cardiovascular risk factor, is prevalent in the
pediatric population [1-4]. Dyslipidemia is found in 8 and
15 % of child and adolescent populations, respectively [3,
5-7]. Childhood dysipidemia may persist into adulthood and
has been associated with future cardiovascular disease [8—10].
Socioeconomic indicators influence accessibility to
resources that can affect behaviors, such as diet and activ-
ity, relevant to the development of dyslipidemia, among
other cardiovascular disease risk factors. In adult popula-
tions socioeconomic indicators such as education and
income level have been shown to impact cardiovascular
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disease risk factors, including lipid levels [11, 12]. In
pediatric populations, some studies have identified an
inverse relationship between socioeconomic indicators,
such as household income, and dyslipidemias, whereas
other found no relationships [13—15]. These studies have
included large patient cohorts but have focused on the
adolescent subcohort, and some have lacked diversity in
ethnicity and race [14-18]. Socioeconomic indicators in
childhood have been found to track into adulthood [19].
In this study we investigated whether there was an
association between income level and dyslipidemia in a
pediatric multiethnic cohort of 2 to 18 year olds. We
performed a retrospective study to examine the relation-
ship between lipid levels, total cholesterol (TC), high-
density lipoprotein (HDL), low-density lipoprotein
(LDL) and triglycerides (TG), and income level using
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census tract geocoding data in patients from two urban
pediatric primary practices. Delineating the relationship
between socioeconomic indicators and dyslipidemias
may contribute to the understanding of the mechanisms
underlying socioeconomic contributions to cardiovascu-
lar risk factors and aid in the development of effective
intervention strategies.

Methods

Subjects were included in this retrospective chart review
if they were 2 to 18 years of age, attended a primary care
visit at either of two large urban primary pediatric care
centers in Boston, Boston Medical Center (BMC) or
Boston Children’s Hospital (BCH), between August 01,
2008 to August 31, 2010, and had a recorded first-time
TC lab value. Patients were excluded if their electronic
medical records (EMR) lacked a complete street address,
as this would not allow for collection of census tract data.
In addition, patients were excluded if they had a diagnosis
of hyperlipidemia or an identifiable secondary cause for
hyperlipidemia prior to the study period. Patients with a
prior diagnosis of hyperlipidemia or secondary cause for
hyperlipidemia were often followed in subspecialty clinics,
endocrinology and/ or cardiology, and therefore were
likely to be receiving dietary or physical activity counseling
and/or lipid lowering medications.

Potentially eligible patients were identified by an
automated screen of the EMR. Patients were considered
for inclusion if they completed primary care visits
between August 1, 2008 and August 31, 2010. August 01,
2008 was chosen as the earliest date for identifying eligible
patients because it was one month after the publishing of
the updated America Academy of Pediatrics (AAP) lipid
screening guidelines [20]. Potentially eligible patient charts
were reviewed by the primary author for all inclusion and
exclusion criteria. Once eligibility was confirmed, the
following additional data were retrieved when available:
sex, height, weight, body mass index (BMI) percentile
based on the Centers for Disease Control and Prevention
(CDC) standard growth curves, past medical history,
medications, family history and smoking history and other
lipid data including TG, LDL and HDL levels [21, 22].
Because this was a retrospective chart review, fasting state
could not be verified. Patterns in lipid levels by race/
ethnicity have been described [6, 18]. Self-identified ethni-
city/race was recorded because lipid levels are known to
vary by race ethnicity.

Lipid levels were drawn and processed per institution-
ally approved guidelines for clinically indicated diagnos-
tic testing. The indication to draw a comprehensive lipid
panel versus total cholesterol per patient was guided by
the lipid screening guidelines published by the AAP in
2008 as interpreted and implemented by individual
physicians in the two separate pediatric primary care
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clinics [20]. Per the study’s inclusion criteria, all subjects
had a TC value; the availability of HDL, LDL and/or tri-
glyceride serum levels was dependent on the individual
physician’s discretion. The serum LDL values were mea-
sured directly if requested by the primary care physician
and otherwise calculated using the following equation
[LDL = total cholesterol — HDL — (triglycerides/5)] when
HDL and triglyceride values were available in addition to
the total cholesterol.

Income level was determined based on FFIEC geocoding
census tract data, (http://www.ffiec.gov/Geocode/defaul-
t.aspx) from the year of the clinic visit and the patients’ re-
corded street address [23]. Income levels - low, moderate,
middle and high - are determined by the FFIEC compar-
ing the median family income in the tract to national
median family income [24]. A census tract is usually a
contiguous area covering 1,200 to 8,000 people established
either locally or by the Census Bureau, which largely re-
mains unchanged over time. (https://www.census.gov/
geo/reference/gtc/gtc_ct.html) Census tract data in this
study were based on 2000 Census questionnaires, which
provide household and population level social and eco-
nomic status information. Census tract data have been
shown to correlate with individual socioeconomic indica-
tors and have been used as proxy measures of household
socioeconomic indicators when individual patient data are
not available [25-27]. Study data were collected and man-
aged using REDCap electronic data capture tools hosted
at BCH [28]. Individual applications to the IRB for the
Boston Medical Center and Boston Children’s Hospital
were submitted and both institutions provided an IRB
exempt status for this retrospective study.

Our primary analysis examined the relationship between
TC levels and income level determined by census tract
data. Secondary analyses determined associations between
other lipid levels including HDL, LDL and TG and in-
come level. Power calculations performed at time of study
design were based on Resnicow et al., which demonstrated
a 6 mg/dl +29 mg/dl difference in TC between subjects
from low socioeconomic status (SES) schools versus mid/
high SES school [17]. A sample size of 734 patients was
determined to identify a significant difference in TC based
on income level category. Chi-squared tests and Fisher’s
exact tests were used to evaluate categorical data and
unpaired (two-sample) t-tests were used to evaluate
continuous variables. All means were reported as raw
means. Since TG values were skewed, this measure was
log-transformed before analysis; P-values for TG are from
analysis of log-transformed data. Multivariable linear
regression was used to test for association between lipids
and income level adjusting for the following covariates:
BMI percentile, age, sex, race/ethnicity (four categories)
and site (BCH vs. BMC). SAS software (version 9.2, Cary,
NC) was used for all computations and p<.05 was
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the criterion for statistical significance for all tests.
Data were reviewed and double-entered and analyzed
between July 2011 and 2012.

Results

A total of 923 charts were reviewed, of which 730 met
inclusion criteria (362 from BCH and 368 from BMC).
Specifically 49 subjects were excluded due to a docu-
mented previous diagnosis of hyperlipidemia. While TC
was available for all patients by design, HDL, and TG
levels were identified in 611 and 402 patients respect-
ively. LDL was directly measured in 330 patients and
calculated in 81 patients whom had available an HDL
and TG value in addition to TC, resulting in a total of
411 patients included in the LDL analysis. Thirty-two
percent of the study cohort was obese by CDC BMI per-
centile criteria, >95th percentile. Patient characteristics
were described by income level based in Table 1.

When the studied population was categorized by
income level, the groups differed based on race/ethnicity
(p<.001), frequency of any prescribed medications
(p =.02) and private health insurance provider (p <.001).
Caucasian patients came from predominantly middle
and high income level neighborhoods (p <.001, Table 1)
compared to African American and Hispanic patients.
Income groups were similar with regard to age, sex, and
BMI percentiles.
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No relationship was identified between TC level and
income level by univariate analysis, or by multivariate
analyses adjusting for BMI percentile, age, sex, race/
ethnicity and site (BCH vs. BMC), as shown in Table 2.

There was an association between TG and income
level, but no association between LDL and HDL and in-
come level was demonstrated. Univariate analysis of TG
by income levels found significantly lower TG levels in
patients of low income level (TG =79 mg/dl) compared
to moderate, middle and high income levels (p =.04,
Table 2); however, significance was not sustained for
either association on multivariate analysis; instead BMI
percentile and Caucasian race were identified as signifi-
cant positive correlates of TG.

Discussion
In our retrospective review of pediatric patients seen in
two urban academic primary care practices we found no
relationship between TC, LDL, or HDL and income level
by univariate or multivariate analyses. TG levels were
lower in patients from low income level compared to all
other income levels on univariate analysis but this
finding was not sustained on multivariable analysis,
likely due to interactions between income level, race/
ethnicity and BML

Previous studies in adults have shown individual
socioeconomic indicators, including income level, to be

Table 1 Characteristics of patients by FFIEC geocoding designated income level

Characteristics Income Level®
Low (N=172) Moderate (N =324) Middle (N =166) High (N =68) P-value

Age, mean (SD) 140 (3.3) 134 (34) 135 (33) 143 (3.3) 0.07
Male, No. (%) 82 (47.7) 156 (48.1) 84 (50.6) 22 (323) 0.07
Any Medical diagnosis, No. (%) 114 (66.3) 209 (64.5) 125 (75.3) 43 (69.1) 0.10
Any current Medications, No. (%) 67 (38.9) 121 (37.3) 77 (46.4) 38 (55.9) 0.02
BMI percentile, mean (sd) 75.2 (25.9) 776 (24.9) 759 (27.0) 69.1 (28.3) 0.1
Race”*
Caucasian, No. (%) 8(12.7) 16 (25.4) 20 (31.7) 19 (30.2)
African American, No. (%) 108 (25.3) 203 (47.6) 91 (214) 24 (5.6)
Hispanic, No. (%) 51 (26.1) 88 (45.1) 41 (21.0) 15(7.7)
Other/ Unknown, No. (%) 5(109) 17 (37.0) 14 (304) 10 (21.7)

< .001
Health insurance type®
Private, No. (%) 45 (26.6) 95 (30.3) 75 (46.0) 40 (58.8)
Public, No. (%) 124 (734) 218 (69.7) 87 (54.0) 28 (41.2)

< .001

“Income level definitions: Low income level- estimated family median income <50 % of national median; Moderate income level- estimated family median income
>/=50- <80 % of national median; Middle income level- estimated family median income >/=80-120 % of national median; Upper income level- estimated family
median income >120 % of national median. https://www ffiec.gov/census/htm/2010CensusInfoSheet.htm
bSelf-identified race/ ethnicity by parent/ guardian or patient as recorded in their electronic medical record
°X3=62, p <.0001 Caucasian and Other tended to be in the Middle and High categories compared with Hispanic and African American

d

\3 = 37.3 Private insurance was more prevalent in higher income categories
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Table 2 Unadjusted and adjusted analysis of mean lipid levels by FFIEC geocoding designated income level

Lipid Levels Income Level
Low Moderate Middle High P-Value Adjusted p-value®
TC mean (sd) 155.2 (26.9) 153.5 (30.4) 155.3 (26.6) 155.5 (27.9) 0.87 0.84
HDL mean (sd) 51.1 (133) 479 (11.5) 50.2 (13.5) 499 (13.2) 0.07 0.08
LDL mean (sd) 89.7 (21.2) 88.7 (29.5) 88.8 (24.4) 87.3 (25.5) 0.97 0.74
TG® mean (sd) 79.0 (41.0) 99.6 (65.8) 929 (92.3) 96.4 (49.8) 0.04 0.16

HDL, high density lipoprotein, LDL, low density lipdoprotein, TC, total cholesterol, TG, triglycerides
2All means are in table are raw means. P-values for triglycerides are from an analysis of log transformed triglyceride scores. Unit for all lipid mean values is mg/d|

PAdjusted analysis adjust of BMI percentile, age, sex, race [4] and site [2]

associated with dyslipidemias [12, 29]. Pediatric studies
have also reported relationships between socioeconomic
indicators and lipid levels but have been limited by their
choice of socioeconomic indicator and diversity in age and
ethnicity in the studied cohort. Their results have also
been equivocal. Three prospective studies using the fol-
lowing socioeconomic indicators, self-reported education
and occupation, school administrator report of school so-
cioeconomic status and the use of free meal vouchers, and
maternal education and income adequacy, found no asso-
ciation between these socioeconomic indicators and lipid
levels [17, 18, 30]. These studies were limited by restricted
age range, lack of ethnic/racial diversity or unvalidated so-
cioeconomic indicators. Two large cohort studies using
the NHANES database examined for an association be-
tween individual socioeconomic indicators, household in-
come and food security, with cardiovascular risk factors
including dyslipidemia [14, 15]. Ali MK et al. identified
males between the ages of 6 and 17 from lower income
households to have greater prevalence of obesity, and
females of older age, 18-24 years of age, from lower in-
come households to have greater prevalence of elevated
non-HDL cholesterol levels [14]. Tester JM et al. reported
that adolescents, 12—18 years of age, with marginal food
security had greater odds of elevated TG levels, than
adolescents without food insecurity [15]. These studies
were primarily limited by the exclusion of children less
than 6 years of age. One prospective study in an adoles-
cent biracial community, reported higher LDL and lower
LDL levels in patients with lower parental education [13].
This study was very comprehensive in its metabolic
assessment however limited by a narrow age group and
limited ethnic/ racial diversity. In our study, we did
not identify a relationship between income level and
lipid levels. However, the weak relationships seen in
prior studies and the lack of studies including the
younger pediatric population suggest that additional
prospective research is needed to better understand
these relationships.

This study had several strengths. Our patient popula-
tion was diverse with regard to race/ethnicity and the
income level based on census tract data. We included
the full age range currently eligible for lipid screening,

2 years and older; younger ages were not included in
previous studies. The use of two centers improved the
generalizability of our findings. The use of census tract data
to identify socioeconomic indicators has been previously
validated [25-27]. The sample size was adequate to exclude
clinically relevant differences in the primary outcome, as
suggested by the small difference in mean TC and tight
standard deviation between income levels. The presence of
higher TG levels in Caucasians seen in our study is consist-
ent with prior studies, suggesting our study cohort was
representative of the larger pediatric population [6, 18].

Our study had several limitations. The study cohort had
an overall TC lower than reported in nationally representa-
tive data from NHANES (154 mg/dl vs. 165 mg/dl), despite
higher prevalence of obesity than national rates [1, 6]. The
reasons for this are not clear but may reflect temporal
trends in lipid levels, or may be a result of other factors
known to influence lipid levels such as nutrition, physical
activity, and dietary and weight counseling; these behaviors
could not be assessed in this retrospective study. We
attempted to mitigate any effects of lifestyle counseling by
confining our study to subjects with first time cholesterol
labs. Similarly, despite national guidelines for cholesterol
screening, it is possible that screening practices were biased,
resulting in lower cholesterol levels than the general popula-
tion. In this retrospective study, patients’ fasting state at the
moment of the lipid panel lab draw could not be confirmed.
A study comparing lipid levels in fasting versus non-fasting
children noted minimal, non-clinically significant differences
between fasting and non-fasting cholesterol and HDL levels,
[31] which are used to calculate non-HDL, one of the lipid
screening methodologies recommended by the National
Heart, Blood and Lung Institute [32].

Conclusion

Despite the known association between socioeconomic
indicators and lipid levels in adults, income level in
childhood was not associated with lipid parameters,
including TC, LDL, HDL and TG. A prospective study
including self-reported household and individual income
level and neighborhood characteristics, including food
and park environments, could improve our understand-
ing of these relationships.
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