Distribution Agreement

In presenting this thesis or dissertation as a partial fulfillment of the requirements for an
advanced degree from Emory University, I hereby grant to Emory University and its
agents the non-exclusive license to archive, make accessible, and display my thesis or
dissertation in whole or in part in all forms of media, now or hereafter known, including
display on the world wide web. I understand that I may select some access restrictions
as part of the online submission of this thesis or dissertation. I retain all ownership
rights to the copyright of the thesis or dissertation. I also retain the right to use in future
works (such as articles or books) all or part of this thesis or dissertation.

Signature:

Emily Fawcett Date



Exploring the Association between Anemia and Negative Treatment Outcomes in
Dialysis Patients at Medicare Facilities in the United States by County Poverty Levels

Emily Fawcett
Master of Public Health

Epidemiology

William McClellan, MD, MPH

Committee Chair



Exploring the Association between Anemia and Negative Treatment Outcomes in
Dialysis Patients at Medicare Facilities in the United States by County Poverty Levels

By

Emily Fawcett

Bachelor of Science
University of Georgia

2013

Thesis Committee Chair: William McClellan, MD, MPH

An abstract of
A thesis submitted to the Faculty of the
Rollins School of Public Health of Emory University
in partial fulfillment of the requirements for the degree of
Master of Public Health
in Epidemiology
2016



Abstract

Exploring the Association between Anemia and Negative Treatment Outcomes in
Dialysis Patients at Medicare Facilities in the United States by County Poverty Levels

By Emily Fawcett

End-stage kidney disease (ESKD), the final stage of chronic kidney disease (CKD) is a
condition that affects thousands of adults annually. ESKD requires dialysis to ensure
survival and has many comorbidities. Anemia is a common complication and is present in
over half of all ESKD patients in the US. Anemia is also associated with an increased risk
of negative health outcomes, most notably mortality and cardiovascular disease.
Community-level poverty has also been shown to be associated with increased incidence
and prevalence of ESKD and poorer medical care received.

This study investigated the association between anemia and the standardized ratios for
mortality, hospitalization, readmission, and transfusion (SMR, SHR, SRR, and STrR)
among Medicare dialysis facilities. In addition, poverty was included as an effect
modifier of this relationship.

Data are from the Medicare Dialysis Facility Compare database, which collects patient
data at dialysis facilities across the US. Poverty prevalence was obtained from 2010-2014
US Census data and matched to facilities based on county. Anemia was divided into high
and low prevalence (facilities with less than 20% anemic patients were considered low
prevalence), and poverty was divided into quintiles.

One-way ANOVASs were used to determine the relationship between anemia level and
each of the four outcome variables individually. Next, multi-factor ANOVA incorporated
poverty quintile as a predictor and an interaction term between anemia and poverty.
Finally, two-way ANOVAs with only anemia and poverty as predictors were used for the
outcome variables for which the interaction term was insignificant.

The means for SMR, SHR, SRR, and STrR all differed across anemia levels. In the multi-
factor ANOVA, the interaction term was significant for the SMR and SRR models. Two-
way ANOVA was run for the SHR and STrR models. Means for these two variables
differed across both anemia levels and poverty quintiles.

Increased anemia prevalence had a negative impact upon SMR, SHR, SRR, and STrR.
The effect of poverty was less well-defined, but means for the outcome variables varied
across poverty quintiles. Trends were less coherent across poverty quintiles.

Future studies involving patient-level data rather than facility-level may improve the
reliability of the results found here.
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Introduction

Disease Background

Kidney failure is the fifth and most severe stage of chronic kidney disease (CKD)
and is quantified by a glomerular filtration rate of less than 15 mL/min per 1.73 m? (1).
End-stage kidney disease (ESKD) is often used to describe patients with kidney failure,
but it specifically refers to those who must be treated with either transplantation or
dialysis to ensure survival (1-2). In a person with properly functioning kidneys, wastes
and excess fluid are removed from the blood (3). When the kidney fails to function
normally, waste products build up in the blood and increase blood pressure. In addition,
excess fluids and minerals may be retained, while fewer red blood cells than required for
normal function may be produced (3).

As of December 31, 2013, 661,648 people in the United States were living with
ESKD. The unadjusted incidence rate of ESKD in the United States in 2013 was 363
cases per million per year (4), and adjusted incidence rates have slightly declined since a
surge in the early 2000s. This is possibly due to advances in treatment and care of CKD
that slow its progression to ESKD (4). Despite the decline in incidence, prevalence has
increased by 68% since 2000, which shows that patients diagnosed with ESKD are
experiencing longer survival times (4). The annual prevalence of ESKD in 2013 was
1,901 cases per million, adjusted for age, gender, and race (4). Diabetes is the most
common etiology of ESKD and is responsible for 43% of the overall incidence rate (4).
Hypertension, the second most common etiology, causes 29% of the incidence rate of

ESKD (4).



Apart from diabetes and hypertension, risk factors for ESKD include sex,
race/ethnicity, age, and socioeconomic status (SES). Males are about 1.6 times more
likely than females to be diagnosed with ESKD (4). Blacks have an incidence rate ratio of
3.0 compared to whites. The incidence rate ratio for Native Americans to Whites is 1.1,
and for Asians/Pacific Islanders, it is 1.2 (4). The ratio comparing Hispanics to non-
Hispanics is 1.4 (4). Older adults are more likely to develop ESKD than younger persons.
The incidence rate of ESKD among those aged 75 or older was 1,646.9 cases per million,
over 13 times greater than the incidence rate of the 22-44 year age group. The mean age
at the start of ESKD therapy in 2013 was 62.5 (4). SES is another important factor in
ESKD incidence. One study found a 41% lower odds of developing CKD among wealthy
populations compared to less wealthy populations (5), and a different study found a 59%
greater odds of CKD among low SES compared to high SES (6). Lower income has also
been associated with increased levels of disability due to CKD (7) and a higher burden of
treatment (8).

ESKD requires treatment with long-term hemodialysis, peritoneal dialysis, or a
kidney transplant (3). Hemodialysis mimics the work of a healthy kidney by removing
solutes and water from the bloodstream using an artificial filter. In peritoneal dialysis,
capillaries in the peritoneum serve as a filter in place of the kidneys. Alternatively,
patients may receive a transplant kidney from a living or a deceased donor. Among
incident cases in 2013, 88.2% began treatment with hemodialysis, 9.0% started with
peritoneal dialysis, and only 2.6% were initially treated with a kidney transplant (4). Just
over 29% of prevalent cases of ESKD in the US received transplants in 2013, while the

remainder continued to undergo dialysis (4). Of those receiving dialysis, 93% use



hemodialysis (HD) over peritoneal dialysis, and over 2.6 million people worldwide rely
on hemodialysis to survive (4).

The 2013 mortality rate for ESKD was 137.8 per 1,000 patient-years at risk,
adjusting for age, sex, race/ethnicity, ESKD etiology, and length of time since ESKD
diagnosis (4). Mortality rates have fallen by 30% among all ESKD patients overall since
1996, but they remain higher than rates of heart failure and many cancers (4). The five-
year survival rate in the United States has been increasing since 2000 and is now 42.6%
(4). The five-year survival rate is 40.2% among hemodialysis patients and 50.3% among
peritoneal dialysis patients (4). However, survival rates are much greater among patients
who receive transplants than among those being treated with dialysis. Patients who
receive transplants from deceased donors have a survival rate of 74.6%, and survival is
86.9% for living donor transplants (4). The high mortality rates may be due in part to
comorbidities, such as cardiovascular disease and diabetes, which increase the mortality
rate by 2 to 3 times for ESKD patients with these conditions compared to ESKD patients
without them (4). In addition to high mortality rates, ESKD patients often experience a
variety of complications, such as increased potassium levels, cardiovascular disease,
anemia, central nervous system damage, and decreased immune response. These
complications can lead to increased hospitalizations and hospital readmissions (9).

Patients suffering from ESKD tend to experience high rates of hospitalization and
are responsible for a large part of health care resource utilization due to the intensive
treatment required for ESKD and its associated comorbidities (4). Hospitalization among
ESKD patients imposes a large financial burden on the Medicare system since Medicare

spends $30.9 billion on ESKD patients annually, and inpatient care accounts for 40% of



this total. ESKD patients experience an average of 1.7 admissions per patient year and
11.2 days in the hospital per patient year, but these numbers have declined in the past
decade (4). Hospitalization rates are lower for kidney transplant recipients (5.4 hospital
days per patient year) as compared to those receiving hemodialysis or peritoneal dialysis
(11.1 and 11.7 hospital days per patient, respectively). Rehospitalizations, or hospital
admissions within 30 days of discharge, are a significant drain of resources because of a
lack in coordination among medical care teams and poor overall health care quality.
Additionally, readmissions are correlated with increased morbidity, mortality, and
decreased quality of life, especially among ESKD patients. The readmission rate for
ESKD patients in 2013 was 34.8%, greater than twice that of older Medicare patients
without kidney disease, and 40.5% were readmitted and/or died within 30 days of

hospital discharge.

Anemia

Anemia, a well-documented consequence of kidney disease (10-11), is the
reduction in the number of red blood cells (RBCs) in the blood. This lessens the amount
of oxygen in the blood that can be delivered to tissues and organs in the body (12).
Erythropoietin, a hormone that regulates the production of RBCs, is released in response
to a decrease of RBCs in the blood. Therefore, less oxygen circulates in the bloodstream,
leading to the release of erythropoietin and subsequent production of erythrocytes (12).
Patients with kidney damage tend to suffer from a lack of erythrocytes, leading to lower
levels of RBC production than are necessary. The kidney is the main source of

endogenous erythropoietin in the body, which may explain the link between kidney



disease and anemia. In addition, CKD patients often experience blood loss due to
dialysis and a shortened survival of RBCs, both of which may contribute to development
of anemia.

Hemoglobin (Hgb) measurements, or the proportion of RBCs in the blood, are
used to diagnose anemia since they can be measured easily, unlike RBC counts (3, 12).
Definitions for anemia vary among groups, but the WHO considers males with Hgb
levels below 13.0 g/dL and women with Hgb below 12.0 g/dL to be anemic (3). Anemia
is a common complication of CKD and is even more common among patients suffering
from ESKD, with prevalence estimates ranging from 23% to 71% worldwide (13). In the
United States, 53.4% of ESKD patients have anemia compared to 7.6% of the general
population (14). The average Hgb level in ESKD patients at disease onset is 9.6 g/dL (4).

Anemia in CKD patients is associated with an increased risk of adverse outcomes,
such as mortality, development of left ventricular hypertrophy (a marker of adverse
cardiovascular events), and proliferative retinopathy, especially among diabetics (15-18).
Very anemic patients with CKD experience a fivefold increase in risk of hospitalization
due to myocardial infarction (19). Anemia has also been found to be associated with
lowered cognition as well as a reduced immune response (12). In addition, anemia may
actually hasten the progression of CKD/ESKD (20-21) and increase all-cause mortality
(22). Fortunately, treating anemia in CKD patients tends to lead to improvements in
physical function, cognitive function, social activity, and other quality of life indicators
(23-25) and can slow progression of CKD (26).

Treatment for anemia initially involved red blood cell transfusions, which can

cause serious negative side effects. Transfusions can lead to excessive levels of iron in



the blood and can lower the likelihood of transplant acceptance if an organ transplant is
required in the future (11). However, in the late 1980s, recombinant human
erythropoietin became available as a treatment option. With the development of
erythropoiesis-stimulating agents (ESAS), there was an alternative to transfusions as an
anemia treatment. Now, transfusions are used to treat anemia only in patients at a high
risk for complications from ESA therapy, such as stroke, or for patients who did not
improve upon treatment with ESAs.

ESAs act to increase RBC production in a similar mechanism to erythropoietin,
leading to higher Hgb levels in the blood. While ESAs seem to have a renoprotective
effect, some studies have shown negative effects in other parts of the body due to
excessive ESA treatment (27). Attempting to normalize Hgb levels may be too drastic for
most patients. Instead, ESAs should be used to increase Hgb levels only slightly (aiming
for about 10.5-11.5 g/dL instead of 13-15 g/dL). Increasing Hgb to higher levels has been
associated with death, cardiovascular events, and stroke (27-28, 38).

Another option for the treatment of anemia is the use of oral or intravenous iron
agents. Iron supplementation can prevent iron deficiency in CKD patients receiving ESA,
lower necessary ESA doses, and increase Hgb levels by increasing erythropoiesis activity

(15).

Income/Poverty
Community-level poverty may influence the care that a patient with ESKD
receives. Geographic variation exists in kidney transplantation rates and has been at least

partially explained by SES. Counties with a higher median household income



experienced higher rates of transplantation, which may lead to higher survival rates (29).
Additionally, low-income patients with CKD suffer a 1.58 times greater hazard ratio for
mortality after adjusting for patient characteristics (30).

Furthermore, patients with lower income undergo a higher treatment burden than
those with higher SES due to miscommunication with their doctors and difficulty
enacting lifestyle changes (8). Barriers to receiving transplants and other obstacles to
proper care may exacerbate the effect of anemia upon health outcomes experienced by

those living with kidney disease.

Data Measures

In 1973, the US enacted legislation that provided public funding for dialysis and
kidney transplantation through Medicare for those with ESKD who could not afford
proper care, sustaining life for many Americans in need. Medicare provides data to
compare dialysis facilities across the US over several metrics, including standardized
mortality ratio (SMR), standardized hospitalization ratio for admissions (SHR),
standardized readmission ratio (SRR), and standardized transfusion ratio (STrR).
Medicare also reports the percentage of Medicare patients with Hgb levels below 10 g/dL
to indicate the proportion of patients at each facility suffering from anemia.

Mortality is a negative consequence of any disease, so SMR is an important
outcome to study. In addition, increased hospitalization reflects higher morbidity among
dialysis patients and a decreased quality of life. Therefore, hospitalization ratios are
another important treatment outcome to assess. Unplanned hospital readmission ratio is

another indicator of patient morbidity and quality of life due to the negative impact of



unplanned hospital stays. Since transfusion is often the last resort option to treat anemia
in dialysis patients, the STrR represents either a failure in alternative anemia treatment
methods or an underutilization of these alternative methods (such as ESAs and iron

therapy) by the facility.

Hypothesis

We plan to investigate whether anemia (measured by percentage of patients at a
facility with Hgb < 10 g/dL) is associated with poorer health outcomes (standardized
mortality, hospitalization, readmission, and transfusion ratios). Additionally, we will look
at how community poverty level affects the relationship between anemia and these health

outcomes.



Methods

Study Population and Data Source

The study population is composed of facility-level patient populations from
ESKD treatment facilities in the United States included in Medicare’s Dialysis Facility
Compare database for the fiscal year 2014-2015 (31). Data came from quarterly Medicare
claims data through the National Claims History Analytical Files as well as facility
information from Consolidated Renal Operations. Data for local poverty were obtained
from 2010-2014 US Census data, and facilities were matched to poverty data based on
the county of the facility location (32). In all, 2,840 facilities in 1,215 counties and all 50

states plus Washington, D.C. were included in the dataset.

Measurements

Exposure: Anemia prevalence for each facility was assessed by using the
percentage of patients at the facility with Hgb levels less than 10 g/dL (n=2,486). Three
hundred fifty-four facilities were missing values for anemia.

Outcome: The standardized mortality, readmission, hospitalization, and
transfusion ratios were calculated prior to inclusion in the Medicare Dialysis Facility
Compare database. The SMR, SHR, SRR, and STrR equal the actual number of events
divided by the expected total number of events. Thus, a ratio greater than 1.0 shows that
more events were observed than expected, while a result less than 1.0 indicates fewer
observed events than expected. These ratios serve as a comparison of each individual

facility to a national average.
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For the expected mortality rate, SMR used national death rates of dialysis patients
with similar demographics as those in a particular facility. The expected mortality is
adjusted for patient age, race, ethnicity, sex, diabetes, duration of ESKD, nursing home
status, comorbidities at incidence, BMI at incidence, and calendar year. It also controlled
for age-adjusted population death rates by state and race. SMR is calculated by dividing
the facility’s death rate by the expected mortality rate, adjusting for the above factors.

SHR compares a given facility’s hospital admission rates to the expected number
of hospital admissions based on the national average. The expected number of admissions
is adjusted for the above confounders except race and ethnicity. Instead of time since
ESKD diagnosis, SHR was adjusted for ESKD duration, which was divided into the
following cut points: 6 months, 1 year, 2 years, 3 years, and 5 years. For a given patient,
the time at risk is multiplied by the adjusted national admissions rate for that time
interval, and this result is summed over all patients at a facility to determine the expected
total admissions for that facility.

The SRR compares unplanned readmissions to the average national readmission
rate. The expected number of readmissions for a facility comes from the number and
characteristics of hospital discharges, adjusted for the discharging hospital and the same
patient characteristics controlled for in the measures listed for SHR except for nursing
home status and calendar year. The expected number is also adjusted for high-risk
diagnoses at discharge as well as length of stay of index hospitalization.

STrR uses transfusions as a gauge of success in treating anemia and general

patient care. It was adjusted for patient age, diabetes status, ESKD duration, nursing
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home status, comorbidities at ESKD diagnosis, BMI at diagnosis, and calendar year.
ESKD duration is divided into the same 6 intervals as SHR when used to adjust for STrR.
Other Variables: Facilities were matched to county poverty data from the 2014
US Census (32). Poverty was measured by using the percentage of individuals in a
county whose income in the last 12 months was below the poverty line. We treated

poverty as an effect modifier of anemia.

Statistical Analysis

Data were described and analyzed using SAS version 9.4 (SAS Institute, Cary
NC). Data were checked for outliers and duplicate observations, but none were found.
Anemia prevalence (percentage of patients at a facility with Hgb < 10 g/dL) was divided
into two categories, high and low anemia prevalence, based upon the distribution, and the
cut point was 20%. Facilities with anemia prevalence less than 20% were considered to
have low anemia prevalence, while those with anemia levels greater than or equal to 20%
had high anemia prevalence. Poverty level was divided into quintiles for data analysis.
Relationships between exposure and outcome variables were viewed to assess linearity.
Observations with missing values for the exposure variable of anemia prevalence were
removed from the dataset.

One-way analysis of variance (ANOVA) tests were used to assess differences in
the means of negative health outcomes (SMR, SHR, SRR, and STrR) across both levels
of anemia prevalence. Next, multi-factor ANOVA was employed to add poverty level as

an exposure variable and as an effect modifier to the model. In instances where no



evidence was found for poverty quintiles as an effect modifier, the interaction term
between poverty and anemia prevalence was dropped from the model.
Confounding by many factors was controlled for in calculating the outcome

variables (SMR, SHR, SRR, and STrR) as mentioned above.
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Results

Descriptive Statistics

Data on anemia prevalence was found for 2,486 of the 2,840 facilities included in
the Medicare Dialysis Facility Compare database. Those facilities missing data on anemia
prevalence (n = 354) were removed from the data set. Among the remaining
observations, 344 were missing data on SMR, 35 had missing values for SHR, 44 lacked
SRR values, and 121 values were missing for STrR. Forty-six observations were missing
data for county poverty level.

The mean for anemia prevalence among all facilities was 15.9% (SD = 11.9),
ranging from 0 to 85% (Table 1). The percentage of individuals living below the poverty
line by county ranged from 3.8 to 52.6% with a mean of 16.7% (SD = 6.1). Among all
facilities, the mean for SMR was 1.01 (SD = 0.29), SHR was 0.98 (SD = 0.29), SRR was
0.98 (SD =0.28), and STrR was 0.99 (SD = 0.52) (Table 1, Figures 1-4). Overall, SMR
ranged from 0.00 to 3.35 with an IQR of 0.31 and median of 0.99, SHR varied from 0.15
to 2.38 with IQR 0.35 (median = 0.95), and SRR ranged from 0.00 to 2.45 (IQR = 0.35;
median = 0.99). STrR had the widest range, from 0.00 to 4.45 with a median of 0.91, and
its IQR of 0.62 was also the largest.

When divided into quintiles based upon poverty level, the mean for anemia
prevalence ranged from 15.4% (SD = 11.2) to 16.4% (SD = 11.9). When poverty was
divided into quintiles, SRR had the smallest range of means (0.97 to 0.99), and STrR had
the largest (0.93 to 1.03) (Figure 3, Figure 4). SMR’s mean by poverty quintile ranged

from 0.99 to 1.01, and SHR varied from 0.96 to 1.00 (Figure 1, Figure 2).
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One-way ANOVA analysis for SMR showed a significant difference in means
between high and low anemia prevalence (F value = 16.08; p <.0001) (Table 2).
However, the R? value was 0.007. Therefore, less than one percent of the variation within
SMR can be explained by anemia quintile. Similar results were found for the remaining
outcome variables (SHR, SRR, and STrR). The means for SHR also differed across
anemia levels (F = 45.06; p < .0001) with an R? value of 0.018. The ANOVA test for
SRR was also significant (F = 9.72; p = .0018) with an R? value of 0.004. Finally, STrR
significantly varied across anemia levels (F = 68.66; p < .0001) with an R? value of
0.028.

A multi-factor ANOVA analysis using anemia levels, poverty quintiles, and an
interaction term between the two were used to investigate the effect of these variables on
outcomes. The interaction term used to assess effect modification was removed from
models in which it was found to be insignificant. Therefore, we conducted two-way
ANOVA using only anemia levels and poverty quintiles as the predictor variables in the
models for SHR and STrR.

The models for SMR and SRR found both anemia levels (F = 24.33, p <.0001; F
= 11.58, p =.0007) and the interaction term to be significant (F = 3.00, p = 0.0177; F =
3.51, p = 0.0073), but not the poverty quintile (F = 1.93, p =0.1025; F=0.55, p =
0.7000) (Table 3). The model for SMR had an R? value of 0.018, and the R? for the SRR
model was 0.012.

For SHR, both anemia levels (F = 47.74, p <.0001) and poverty quintiles (F =
3.27, p = 0.0110) were found to be significant at the significance level of 0.05, but the

interaction term was insignificant (F = 0.71, p = 0.5842) (Table 3). The R? value was
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0.026. Since the interaction term was insignificant, it was dropped from the model. In the
reduced model, both anemia levels (F = 47.76, p < .0001) and poverty quintiles (F = 3.27,
p = 0.0110) remained significant, and the R? value was 0.025 (Table 5). Both anemia
levels (F = 73.25, p <.0001) and poverty quintiles (F = 3.27, p = 0.0111) were significant
in the model for STrR, which had an R? value of 0.036 (Table 3). However, the
interaction term was not significant (F = 0.00, p = 1.0000). Thus, we removed the
interaction term and found that the reduced model retained an R? value of 0.036, and both
anemia level (F = 73.38, p <.0001) and poverty quintile were significant predictors (F =
3.27, p = 0.0110) (Table 5).

The one-way ANOVA tests for significant differences in means for each of the
four outcome variables were significant, but they all had relatively low R? values
(ranging from 0.004 to 0.028), indicating that little of the variation in the outcome
variables (from 0.4 to 2.8%) can be explained by anemia prevalence. Anemia prevalence
was statistically significant but did not explain much of the variation in the outcomes.

After the one-way ANOVA tests, we performed multi-factor ANOVA to
determine the significance of poverty quintile as an effect modifier on anemia level.
Poverty quintile was not statistically significant as an effect modifier in two of the four
models and therefore was removed from the models for SHR and STrR. For SMR,
anemia quintile was found to be significant (F = 24.33, p <.0001), but poverty quintile
was not (F = 1.93, p = 0.103). The interaction term, however, was significant (F = 3.00, p
=0.0177) The R? value was 0.018, with 1.8% of the variation in SMR explained by
anemia level, poverty quintile, and an interaction term between the two. Anemia level

was significant for SRR (F = 11.58, p =.0007), but poverty level was not (F =0.55, p =
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0.7000). The interaction term was significant (F = 3.51, p = 0.0073). The R? value was
0.012.

Two-way ANOVA using only anemia level and poverty quintile as predictor
variables was then performed for the outcomes of SHR and STrR. Both anemia level and
poverty quintile were significant in the model tested for SHR (F =47.76, p <.0001; F =
3.27, p = 0.0110) with an R? value of 0.025. Finally, both anemia level and poverty
quintile were significant in the STrR model (F = 73.38, p <.0001; F = 3.27, p = 0.0110),
and the R? value was 0.036. Thus, the model for STrR based on anemia prevalence and
poverty level has the highest R?, and it explains the most variation within the outcome

variable compared to the other three models.
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Discussion

The primary aim of this study was to assess the relationship between facility
anemia prevalence and the negative health outcomes of SMR, SHR, SRR, and STrR. In
addition, we considered the independent and joint effect of county poverty level and
anemia prevalence as predictors in our models. ANOVA tests were used to determine
whether the means of the outcome variable (SMR, SHR, SRR, or STrR) differed across
anemia levels.

This study found statistically significant relationships between anemia prevalence
and the study outcomes (SMR, SHR, SRR, and STrR), but these relationships all
produced small R? values (ranging from 0.004 to 0.028). In addition to anemia levels,
poverty levels were also significant for SHR and STrR, but poverty was not significant in
the SMR and SRR models. However, the interaction term was significant in the SMR and
SRR models but was not significant in the SHR and STrR models. The multi-factor
ANOVA models also produced fairly low R? values (ranging from 0.012 to 0.036).

Thus, anemia is a predictor of the negative health outcomes of SMR, SHR, SRR,
and STrR because higher anemia levels were associated with higher levels of SMR, SHR,
SRR, and STrR. Poverty, however, does not show a clear linear relationship across its
quintiles for any of the outcomes studied. SMR means increased from the first to fourth
poverty quintiles but decreased slightly at the fifth quintile. SHR means remained fairly
constant across poverty quintiles with a surge at the third quintile. Patterns for SRR
means were fairly erratic among the high anemia prevalence facilities, with a decrease
from the first (0.98) to second (0.95) quintile, a sharp spike to the third quintile (1.05),

and a gradual decrease to the fifth quintile (1.03). Among low anemia prevalence
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facilities, SRR levels remained fairly consistent. Finally, STrR means were also steady
across poverty quintiles among both low and high anemia prevalence facilities.

Many confounders, such as patient age, race, sex, comorbidities, BMI, duration of
disease, diabetes status, and nursing home status, were previously controlled for in the
calculation of the outcome variables used (SMR, SHR, SRR, STrR), so there was no need
to control for them again in our analysis.

Since this study was observational in nature, it is unable to establish causality on
its own. However, using the Bradford Hill criteria for establishing association, a strong
case may be made for causality. These criteria include temporal relationship, strength,
dose-response, consistency, plausibility, coherence, experiment, specificity, and analogy.
First, the relationship between the exposure (anemia) and each of the outcomes (SMR,
SHR, SRR, and STrR) is temporal because anemia always precedes the outcome of
mortality, hospitalization, rehospitalization, or transfusion. Next, although the association
between outcomes and anemia were statistically very strong in our ANOVA tests, with p-
values ranging from <.0001 to 0.0018, the size of the effect varied. In comparing the high
versus low anemia groups, facilities with high anemia had a 5.0% greater SMR than
facilities with low anemia. There was a 9.0% difference for SHR, a 4.1% difference for
SRR, and a 21.3% difference for STrR. The change in effect for SMR and SRR are fairly
low, that of SHR is moderate, and STrR is somewhat stronger. Thus, the strength of
association criterion is likely met for the STrR outcome, possibly satisfied for SHR, and
might be viable for SMR and SRR.

Third is the dose-response or biological gradient criterion. This trend holds true

for the relationship between SMR and anemia only because higher anemia prevalence is
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associated with higher SMR, both at the aggregated level and upon dividing into poverty
quintiles (Table 2, Figure 1). However, this description of the relationship is not entirely
accurate when poverty quintiles are added to the model. Among facilities with low
anemia prevalence, SMR increases for the first four quintiles of poverty but decreases for
the fifth quintile (Figure 1). Among high-anemia facilities, SMR starts at 1.10 for the
first quintile of poverty but sharply decreases to 1.01 at the second quintile. Then, it
gradually increases and levels off at the fifth quintile.

The means for SHR were higher among facilities with high levels of anemia
compared to those with low anemia in aggregated form and at each poverty quintile
(Table 2, Figure 2). However, graphing the data does not reveal a dose-response across
poverty level. Among low-anemia facilities, the means for SHR remain fairly constant for
the first four quintiles and drop at the last quintile (Figure 2). For high-anemia facilities,
the means for SHR are fairly constant across quintiles except for a slight peak in the third
quintile.

Overall, the mean for SRR was higher among the high-anemia facilities than in
the low-anemia ones (Table 2). However, of the four outcome variables examined, SRR
was the only one in which the outcome was greater in the low-anemia facilities than in
the high-anemia ones after dividing into poverty quintiles (Figure 3). In the second
quintile of poverty, low-anemia facilities actually have a higher SRR (0.99) than high-
anemia facilities do (0.95). Here, there is no logical dose-response mechanism among
either low-anemia or high-anemia facilities. In low-anemia facilities, the second quintile
has the highest SRR (0.99), the fifth has the lowest (0.95), and the other three are fairly

similar. Among high-anemia facilities, the mean SRR starts at 0.98 for the first quintile of
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poverty, decreases to 0.95 for the second, and jumps to 1.05 for the third quintile, from
which it gradually decreases to 1.03 in the fifth poverty quintile.

Finally, the means for STrR among high-anemia facilities are higher than those of
low-anemia facilities at the aggregated level and when the data is divided into poverty
quintiles (Table 2, Figure 4). The trend across poverty quintiles, however, is nonexistent
among both classes of anemia (Figure 4). Both groups appear to exhibit no visible trend
across poverty quintiles.

Consistency is another component of the Bradford Hill criteria for causality, and
many studies have found similar results to ours using different methods. Other studies
have investigated the impact of anemia on mortality in patients with kidney disease and
have found that increased levels of anemia are associated with increased mortality.
Locatelli et al. found a strong association between hemoglobin levels and mortality
among hemodialysis patients (33), and Collins et al. detected up to a 40% increase in
mortality and hospitalizations among dialysis patients with hemoglobin levels below 11.0
g/dL (34). A prospective study by Portolés et al. found increasing hospital admission
rates with decreasing hemoglobin levels (35), and another study based on insurance
claims found a fivefold greater risk of hospitalization among patients with severe anemia
compared to patients with normal hemoglobin levels (19). Hospital readmissions, another
important indicator of patient health and quality of care received, have also been
investigated in conjunction with anemia levels. A retrospective cohort study by Luthi et
al. found increased odds of rehospitalization for patients with anemia compared to those
with normal hemoglobin levels (OR = 1.60; 95% CI 1.00-2.58) after controlling for other

potential risk factors (36). Finally, other studies have delineated the relationship between
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low hemoglobin levels and high transfusion rates. A retrospective cohort study by Collins
et al. looked into the association between dialysis facility hemoglobin levels and patients’
transfusion risk and found that patients at facilities with the highest anemia prevalence
had a relative risk of 1.28 (95% CI 1.22-1.34) for receiving red blood cell transfusions
within a three-month period (37).

Next, the results we have found seem to be plausible based on biological
mechanisms and the ill effects of anemia on the population as a whole as well as specific
negative effects on persons with CKD, such as mortality, cardiovascular disease,
increased hospitalization, and accelerating progression of CKD (12, 15-19, 20-22).
Higher levels of anemia will increase the SMR, SHR, and SRR (19, 33-36). However,
STrR rates should remain high only if anemia in patients at a particular facility is not
well-controlled.

The associations between anemia and SMR, SHR, SRR, and STrR also meet the
Bradford Hill criteria of coherence, meaning that current knowledge of anemia, CKD,
and these outcomes logically support this association. For example, patients with severe
anemia may require a blood transfusion, which directly increases the STrR. This in turn
increases the SHR because hospitalization is required in order to receive a transfusion.
Finally, increased hospitalizations increase the potential for more rehospitalizations.
Additionally, a patient who requires one transfusion will likely need another, which
increases the SRR (4). However, due to the nature of the dataset used in this study, we are
unable to determine the percentage of readmissions that are due to transfusions and

ultimately caused by anemia.
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The experiment criterion is satisfied because studies have shown improvements in
disease outcome when anemia has been adequately treated and controlled (23-26).
Specifically studies have found that ESA therapy can slow the progression of CKD (26),
reduce the number of hospitalizations (24) and improve quality of life (23, 25).

However, caution should be used when utilizing ESA therapy because raising
hemoglobin levels too high may have detrimental cardiovascular effects. The TREAT
study, conducted among type 2 diabetics with CKD, was a double-blinded placebo
controlled study that found a hazard ratio of 1.92 (95% CI 1.38-2.68) for stroke for the
experimental group (mean Hgb = 12.5 g/dL) compared to the control group (mean Hgb =
10.6 g/dL) (38). In addition, an earlier study on cardiac outcomes based on erythropoietin
treatment was cut short because of the high mortality in the experimental group (39).
Thus, normalization of hemoglobin levels is not necessary and potentially dangerous for
adequate anemia treatment among dialysis patients.

A few of the Bradford Hill criteria may or may not be met in terms of the
association between anemia and the negative treatment outcomes studied here. The
specificity criterion may not be met because many factors lead to changes in mortality,
hospitalization, readmission, and transfusion rates. Anemia could very well be
responsible for these changes, but uninvestigated confounders, such as general quality of
care could be part of the cause. Finally the analogy component is difficult to assess due to
the uniqueness of anemia and its effects on the body and subsequent effects upon SMR,
SHR, SRR, and STrR.

The data for our study came from the Medicare Dialysis Facility Compare

website, a data source that informs patients as well as providers about the quality of care
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at all Medicare dialysis facilities in the United States. Data for each facility use a variety
of measures that are compared against a national average in order to show how each
facility ranks compared to the rest of the nation. This study has shown the negative
impacts of anemia upon mortality, hospitalization, rehospitalization, and the need for
transfusion, so anemia management is crucial for the health of dialysis patients and the
quality of dialysis facilities. Due to the results of the studies mentioned above (38-39),
the discrepancy in health benefits of anemia treatment and detrimental effects of cardiac
events caused by increasing hemoglobin levels caused difficulties in determining a set
guideline for target hemoglobin levels in renal disease patients with anemia. Because of
this, the Centers for Medicare and Medicaid Services have not set a specific guideline for
proper hemoglobin levels. Instead, they collect data only on the percentage of patients at
a facility with hemoglobin levels less than 10 g/dL and those with hemoglobin greater
than 12 g/dL.

When selecting a facility for dialysis, patients may want to keep this information
in mind to ensure they choose a facility that prioritizes anemia treatment. In addition,
providers should increase their focus upon anemia management to improve the health and
wellness of their patients as well as to increase the ratings of their facility.

In addition to anemia, poverty also has an effect on some negative treatment
outcomes. SES has been shown to be associated with not only the incidence and
prevalence of ESKD, but also with treatment (40). It is unknown exactly how SES is
responsible for this effect, but one possibility is due to lack of healthcare access.
Additionally, low-SES patients are less likely to receive a kidney transplant, which may

strongly decrease an ESKD patient’s health and quality of life.
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Limitations

One of our study’s limitations was the use of standardized ratios and aggregated
patient data for each facility. This may not provide an accurate reflection of each
individual patient suffering from ESKD. Therefore, the conclusions drawn from this
study might be subject to the ecological fallacy because we draw conclusions about
individual risks from aggregated data. Another limitation is the use of ANOVA as the
main test of association. ANOVAs test whether the means of one or more groups differ,
but it does not show trends across groups. Because of this, our results can tell us that the
means for SMR and the other outcomes differ across quintiles of poverty, but we cannot
conclude that SMR increases with increasing poverty quintile or vice versa.
Conclusions

ESKD is a significant health problem in the United States that affects over
600,000 persons. It regularly drains health care resources, in part due to high rates of
hospitalization, costing Medicare $30.9 billion annually. ESKD is associated with high
mortality rates and a variety of complications, including anemia, which may worsen
treatment outcomes. CKD patients with anemia experience increased mortality and other
adverse health outcomes (16-18) and may progress to ESKD more quickly (20-21).
Anemia treatment can reduce the risk of these negative outcomes (23-25) and even slow
the progression of CKD (26). In addition to anemia’s negative effect upon those suffering
from CKD and ESKD, poverty has also been shown to influence CKD outcomes. Low-
income patients with CKD experience a 1.58 times greater hazard ratio for mortality (30),

and they undergo a higher treatment burden than high-income individuals with the
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disease. Low-SES individuals are also less likely to receive a kidney transplant, which
further reduces their likelihood of survival (29).
Future Directions

Further studies may investigate similar data using observations from individual
patients in order to prevent the ecological fallacy. In addition, other potential predictors
should be included in the model instead of anemia and poverty alone. Many confounders
were already controlled for in calculation of the outcome variables, but more previously

uninvestigated confounders may exist.



26

References

10.

Levey AS, Coresh J. Chronic Kidney Disease. The Lancet. 2012;379(9811):165-
180.

Levey AS, Coresh J, Balk E, et al. National Kidney Foundation Practice
Guidelines for Chronic Kidney Disease: Evaluation, Classification, and
Stratification. Annals of Internal Medicine. 2003;139(2):137-147.

Skorecki K, Chertow G, Marsden P, Taal M, Yu A, eds. Brenner & Rector’s The
Kidney. 10" ed. Philadelphia, PA: Elsevier, Inc.; 2016.

United States Renal Data System. 2015 Annual Data Report: Epidemiology of
Kidney Disease in the United States. National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2015.
Bruce MA, Beech BM, Crook ED, et al. Association of socioeconomic status and
CKD among African Americans: the Jackson Heart Study. Am J Kidney Dis.
2010;55(6):1001-1008.

Crews DC, Charles RF, Evans MD, et al. Poverty Race, and CKD in a Racially
and Socioeconomically Diverse Urban Population. Am J Kidney Dis.
2010;55(6):992-1000.

Plantinga LC, Johansen KL, Schillinger D, Powe NR. Lower socioeconomic
status and disability among US adults with chronic kidney disease, 1999-2008.
Preventing Chronic Disease. 2012;9:E12.

Kahn LS, Vest BM, Madurai N, et al. Chronic Kidney Disease (CKD) Treatment
Burden Among Low-Income Primary Care Patients. Chronic IlIness.
2015;11(3):171-183.

Mayo Clinic. Chronic Kidney Disease. Rochester, MN: Mayo Clinic.
http://www.mayoclinic.org/diseases-conditions/kidney-
disease/basics/complications/con-20026778. Published Jan. 30, 2015. Accessed
July 12, 2016.

Astor BC, Muntner P, Levin A, et al. Association of Kidney Function With
Anemia: The Third National Health and Nutrition Examination Survey (1988-
1994). Arch Intern Med. 2002;162(12):1401-1408.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

27

Eschbach JW, Adamson JW. Anemia of end-stage renal disease (ESRD). Kidney
International. 1985;28(1):1-5.

National Institute for Health and Care Excellence. Chronic kidney disease in
adults: assessment and management. UK: National Institute for Health and Care
Excellence. https://www.nice.org.uk/guidance/cg182/chapter/1-recommendations.
Published July 2014. Accessed July 12, 2016.

Pisoni RL, Bragg-Gresham JL, Young EW, et al. Anemia management and
outcomes from 12 countries in the dialysis outcomes and practice patterns study
(DOPPS). Am J Kidney Dis. 2004;44(1):94-111.

Stauffer ME, Fan T. Prevalence of Anemia in Chronic Kidney Disease in the
United States. PL0oS One. 2014;9(1):e84943.

Kidney Disease Improving Global Outcomes. KDIGO Clinical Practice Guideline
for Anemia in Chronic Kidney Disease. Kidney International Supplements.
2012;2(4).

Kliger AS, Foley RN, Goldfarb DS, et al. KDOQI US Commentary on the 2012
KDIGO Clinical Practice Guideline for Anemia in CKD. Am J Kidney Dis.
2013;62(5):849-859.

Kovesdy CP, Trivedi BK, Kalantar-Zadeh K, Anderson JE. Association of anemia
with outcomes in men with moderate and severe chronic kidney disease. Kidney
Int. 2006;69(3):560-564.

Al-Ahmad A, Rand WM, Manjunath G, et al. Reduced kidney function and
anemia as risk factors for mortality in patients with left ventricular dysfunction. J
Am Coll Cardiol. 2001;38(4):955-962.

Walker AM, Schneider G, Yeaw J, et al. Anemia as a Predictor of Cardiovascular
Events in Patients with Elevated Serum Creatinine. Journal of the American
Society of Nephrology. 2006;17(8):2293-2298.

Babazono , Hanai K, Suzuki K, et al. Lower haemoglobin level and subsequent
decline in kidney function in type 2 diabetic adults without clinical albuminuria.
Diabetologia. 2006;49)6):1387-1393.

Nohara N, lo H, Matsumoto M, et al. Predictive factors associated with increased

progression to dialysis in early chronic kidney disease (stage 1-3) patients.



22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

28

[published online ahead of print December 26, 2015]. Clin Exp Nephrol. (doi:
10.1007/s10157-015-1210-3).

limori S, Naito S, Noda Y, et al. Anaemia management and mortality risk in
newly visiting patients with chronic kidney disease in Japan: the CKD-ROUTE
study. Nephrology. 2015;20(9):601-608.

Revicki DA, Brown RE, Feeny DH, et al. Health-related quality of life associated
with recombinant human erythropoietin therapy for predialysis chronic renal
disease patients. Am J Kidney Dis. 1995;25(4):548-554.

Besarab A, Soman S. Anemia Management in Chronic Heart Failure: Lessons
Learnt from Kidney Disease. Kidney and Blood Pressure Research. 2005;28(5-
6):363-371.

Valderrdbano F. Quality of life benefit of early anaemia treatment. Nephrolj Dial
Transplant. 2000;15[Suppl 3]:23-28.

Tsuruya K, Yoshida H, Suehiro T, et al. Erythropoiesis-stimulating agent slows
the progression of chronic kidney disease: a possibility of a direct action of
erythropoietin. Ren Fail. 2016;38(3):390-396.

Babitt JL, Lin HY. Mechanisms of Anemia in CKD. Journal of the American
Society of Nephrology. 2012;23(10):1631-1634.

Singh AK, Szczech L, Tang KL, et al. Correction of Anemia with Epoetin Alfa in
Chronic Kidney Disease. N Engl J Med. 2006;355:2085-2098.

Mohan S, Mutell R, Patzer RE, et al. Kidney Transplantation and the Intensity of
Poverty in the Contiguous United States. Transplantation. 2014;98(6):640-645.
Fedewa SA, McClellan WM, Judd S, et al. The association between race and
income on risk of mortality in patients with moderate chronic kidney disease.
BMC Nephrol. 2014;15:136.

Centers for Medicare and Medicaid Services. Dialysis Facility Compare.
Baltimore, MD: Centers for Medicare and Medicaid Services; 2016.
https://data.medicare.gov/Dialysis-Facility-Compare/Dialysis-Facility-Compare-
Listing-by-Facility/23ew-n7w9. Accessed July 12, 2016.

Bureau of the Census, US Department of Commerce. 2010-2014 American

Community Survey 5-Year Estimates. Washington, DC: Bureau of the Census;



33.

34.

35.

36.

37.

38.

39.

40.

29

2014.
http://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=
ACS_14 5YR_DP03&src=pt. Accessed July 12, 2016.

Locatelli F, Pisoni RL, Akizawa T, et al. Anemia management for hemodialysis
patients: Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines and
Dialysis Outcomes and Practice Patterns Study (DOPPS) findings. Am J Kidney
Dis. 2004;44(2): 27-33.

Collins AJ, Ma JZ, Ebben J. Impact of hematocrit on morbidity and mortality.
Semin Nephrol. 2000;20(4):345-349.

Portolés J, Lopez-Gomez JM, Aljama P. A prospective multicentre study on the
role of anaemia as a risk factor in haemodialysis patients: the MAR study.
Nephrology Dialysis Transplantation. 2006;22(2):500-507.

Luthi JC, Flanders WD, Burnier M, et al. Anemia and chronic Kidney disease are
associated with poor outcomes in heart failure patients. BMC Nephrol. 2006;7:3.
Collins AJ, Monda KL, Molony JT, et al. Effect of Facility-Level Hemoglobin
Concentration on Dialysis Patient Risk of Transfusion. Am J Kidney Dis.
2014;63(6):997-1006.

Pfeffer MA, Burdmann EA, Chen CY, et al. A Trial of Darbepoetin Alfa in Type
2 Diabetes and Chronic Kidney Disease. N Engl J Med. 2009;361:2019-2032.
Besarab A, Bolton WK, Browne JK, et al. The Effects of Normal as Compared
with Low Hematocrit VValues in Patients with Cardiac Disease Who Are
Receiving Hemodialysis and Epoetin. N Engl J Med. 1998;339:584-590.

Patzer RE and McClellan WM. Influence of race, ethnicity and socioeconomic
status on kidney disease. Nat Rev Nephrol. 2012;8(9):533-541.



Tables

Table 1. Facility Characteristics.

All Facilities Characteristics of Facilities by Poverty Level
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Characteristic | n Mean (SD) | n Mean (SD) | n Mean (SD) [ n Mean (SD) [ n Mean (SD) | n Mean (SD)
% Anemic 2486 15.9 (11.4) 477 16.4 (11.9) 469 15.4 (11.2) 489 16.1(11.2) |[559 15.7(11.4) | 446 16.4(11.6)
SMR 2142 1.01(0.29) 462 0.99 (0.30) 448 0.99 (0.26) 478 1.00(0.24) [543 1.03(0.31) | 436 1.01(0.28)
SHR 2451 0.98 (0.29) 469 0.96 (0.28) 457 0.99 (0.31) 487 1.00(0.27) |553 0.99(0.29) | 441 0.94(0.30)
SRR 2442 0.98 (0.28) 466 0.97 (0.30) 453 0.98 (0.27) 486 0.99 (0.28) |[552 0.99(0.28) | 440 0.97(0.27)
STrR 2365 0.99 (0.52) 450 0.93(0.51) 434 1.03 (0.59) 471 0.96 (0.28) |534 1.03(0.53) | 433 0.99(0.48)
Poverty 2440 16.7 (6.1) 477 8.86(1.84) 469 13.26 (0.97) | 489 16.49(0.88) [ 559 18.89(0.81) | 446 25.98 (4.90)
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Table 2. Results of one-way ANOVA testing with means by levels of anemia prevalence
(high vs. low) for each outcome variable.

Low Anemia High Anemia
Prevalence Prevalence
n Mean (SD) n Mean (SD) FValue p-value R?
SMR [ 1775 1.00(0.26) 637 1.05(0.34) 16.08 <.0001 0.007
SHR 1799 0.95(0.28) 652 1.04(0.30) 45,06 <.0001 0.018
SRR 1789 0.97(0.28) 653 1.01(0.26) 9.72  0.0018 0.004
STrR | 1741 0.94(0.48) 624 1.14(0.60) 68.66 <.0001 0.028




Table 3. Means of outcome variables by levels of anemia and poverty quintiles.
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Poverty
Quintile

Anemia
Level

Low

High

Low

High

Low

High

Low

High

Low

High

SMR
Means

SHR
Means

SRR
Means

STrR
Means

0.95 (0.24)

0.94 (0.27)

0.96 (0.31)

0.88 (0.45)

1.10 (0.41)

1.03 (0.29)

0.98 (0.29)

1.08 (0.63)

0.98 (0.23)

0.97 (0.30)

0.99 (0.27)

0.97 (0.56)

1.01 (0.32)

1.03 (0.31)

0.95 (0.26)

1.19 (0.65)

0.99 (0.23)

0.97 (0.26)

0.97 (0.28)

0.90 (0.43)

1.03 (0.29)

1.09 (0.28)

1.05 (0.27)

1.13 (0.59)

1.02 (0.27)

0.97 (0.27)

0.97 (0.28)

0.97 (0.47)

1.06 (0.39)

1.05 (0.33)

1.04 (0.26)

1.18 (0.62)

1.00 (0.28)

0.91 (0.29)

0.95 (0.28)

0.94 (0.47)

1.05 (0.26)

1.03 (0.29)

1.03 (0.22)

1.11 (0.51)




Table 4. Statistical significance of results of multi-way ANOVA testing for anemia
levels, poverty quintiles, and the interaction term for the models for each of the four
outcomes. The p-values for the interaction term were significant for the SMR and SRR
models and insignificant for the SHR and STrR models.

Model Variable F Value | p-value R?
Anemia 2433 | <.0001 0.018
SMR Poverty 193 | 0.1025
Anemia*Poverty 3| 0.0177
Anemia 47.74 | <.0001 0.026
SHR Poverty 3.27 | 0.0110

Anemia*Poverty 0.71| 0.5842

Anemia 11.58 | 0.0007 0.012
SRR Poverty 0.55 | 0.7000
Anemia*Poverty 3.51| 0.0073

Anemia 73.25 | <.0001 0.036
STrR Poverty 3.27 | 0.0111
Anemia*Poverty 0.00 | 1.0000
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Table 5. Results of two-way ANOVA testing for SHR and STrR. Models dropped the interaction term that was included in the

multi-way model.

Anemia Level/Poverty Quintile

Low/1 High/2 3 4 5 E
p-value | R?
n  Mean (SD) n  Mean (SD) n  Mean (SD) n  Mean (SD) n  Mean (SD) | value
ﬁ;‘\fg"a 1758 0.95(0.28) | 649  1.04 (0.30) 47.76 | <.0001 | 0.025
SHR
Means
g‘l’ﬁ:ﬁ; 469 0.96(0.28) | 457 0.99(0.31) | 487 1.00(0.27) | 553 0.99(0.29) [ 441 0.94(0.30) | 3.27 | 0.011
ﬁg\fg"a 1701 093(0.48) | 621  1.14 (0.60) 73.38 | <.0001 | 0.036
STrR
Means
Z‘L‘ﬂm 450 093 (0.51) | 434 1.03(059) | 471 0.96(0.49) | 534 1.03(0.53) | 433 0.99(0.48) | 327 | 0011




Figures

Figure 1. SMR means by anemia levels within poverty quintiles
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Figure 2. SHR means by anemia quintiles and poverty quintiles.
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Figure 3. SRR means by anemia quintiles and poverty quintiles.
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Figure 4. STrR means by anemia quintiles and poverty quintiles.
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