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Abstract

Background—Although the protective effect of socioeconomic status (SES) against risk of 

overweight/obesity is well established, such effects may not be equal across diverse racial and 

ethnic groups, as suggested by the Marginalization-related Diminished Returns (MDR) theory.

Aims—Built on the MDR theory, this study explored racial variation in the protective effect of 

income against overweight/obesity of Whites and Blacks with knee osteoarthritis (OA).

Methods—This cross-sectional study used baseline data of the OA Initiative, a national study of 

knee OA in the United States. This analysis included 4,664 adults with knee OA, which was 

composed of 3,790 White and 874 Black individuals. Annual income was the independent 

variable. Overweight/obesity status (body mass index more than 25 kg/m2) was the dependent 

variable. Race was the moderator. Logistic regressions were used for data analysis.

Results—Overall, higher income was associated with lower odds of being overweight/obesity. 

Race and income showed a statistically significant interaction on overweight/obesity status, 

indicating smaller protective effect of income for Blacks compared to Whites with knee OA. Race-

stratified regression models revealed an inverse association between income and overweight/

obesity for White but not Black patients.

Conclusions—While higher income protects Whites with knee OA against overweight/obesity, 

this effect is absent for Blacks with knee OA. Clinicians should not assume that the needs of high-
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income Whites and Blacks with knee OA are similar, as high-income Blacks may have greater 

unmet needs than high income Whites. Racially tailored programs may help reduce the health 

disparities between Whites and Blacks with knee OA. The results are important given that 

elimination of racial disparities in obesity is a step toward eliminating racial gap in the burden of 

knee OA. This is particularly important given that overweight/obesity is not only a prognostic 

factor for OA but also a risk factor for cardiometabolic diseases and premature mortality.
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1. Introduction

While high socioeconomic status (SES) has a protective effect on health [1–10], this effect is 

unequal across racial groups [11,12]. Income is among the strongest SES indicators that 

show protective effects on a wide range of health outcomes [13,14]. Poverty, low income, 

and financial strain are among well-described risk factors for poor health [15]. Low income 

also predicts overweight/obesity [16].

The direction and the magnitude of the effects of SES indicators on health [8–10], however, 

are variant across racial groups [11,12,17]. For example, Black-White differences are shown 

in the effects of SES indicators such as income and education on overweight/obese status 

[17]. Differential health effects of SES across racial groups have been attributed to 

differential access of social groups to the opportunity structure, full access to which is 

needed to fully take advantage of available resources [18,19]. Although, SES resources such 

as income reduce population exposure to risk factors and increase their access to buffers [8–

10], the real influence of SES indicators in changing life conditions of the populations is 

different between the minority and the majority groups [20–22]. As a result, diverse racial 

groups with the very same SES levels would not have similar health, and high SES 

minorities are in a relative disadvantage than high SES majorities regarding health status 

[20–22]. Income may differentially impact purchasing power of diverse racial groups [23–

26]. Similarly, SES differentially alters a population’s health risk behaviors [8–10,27,28]. 

For example, education and income have smaller effects on drinking [42], smoking [93], diet 

[94], self-regulation [95], sleep [121], and suicide [122] for Black individuals than White 

individuals. This phenomenon is known as Marginalization-related Diminished Returns 

(MDRs) [11,12,17,39–41]. Extremes of MDRs are when high SES operates as a risk factor 

for poor mental health of Black men [18,35,43,49,35,50].

Although a considerable body of empirical data supports the MDR theory [11,12], with one 

exception [122], these studies are all conducted in community rather than clinical settings. 

While community studies have shown that SES indicators may better protect Whites than 

Blacks against depression [43], self-rated health [44], chronic disease [43], and mortality 

[45–48], there is still a need to test these patterns in clinical samples.

Racial disparities in overweight/obesity can be seen in the general population. In the general 

population, racial disparity in overweight/obese status is among the main contributors to the 
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racial gap in cardio-metabolic morbidity and mortality [51,54,55], as being overweight/

obese is one of the main gateways of non-communicable diseases, particularly 

cardiovascular disease [56,57]. Elimination of racial disparities in overweight/obesity may, 

thus, reduce the racial gap in cardio-metabolic outcomes [54]. Some of the mechanisms by 

which racial disparities in overweight/obesity emerge include racial differences in SES [52], 

environmental conditions [53], and energy-balance behaviors such as diet and exercise [52].

It has been shown that SES alone does not mediate the racial gap in overweight/obesity 

status [52], as race and SES also have interactive effects on overweight/obese risk. A few 

studies have suggested that race moderates the effects of SES on overweight/obesity [58,59]. 

In a cross-sectional study, higher income reduced risk of obesity of White but not Black 

children [96]. In another longitudinal study, high family SES at birth reduced the risk of 

obesity of White but not Black youth at age 15 [71]. The literature on racial differences in 

the SES effects on overweight/obesity, however, are mainly derived from studies on general 

population.

To better understand the racial differences in the protective effect of income on overweight/

obesity in the context of knee osteoarthritis (OA), this study compared Black and White 

patients with knee OA for the effects of income on overweight/obesity in the United States. 

The main contribution of this study is to extend the literature from a community to a clinical 

setting and a specific patient population (i.e. OA).

2. Materials and Methods

Design and setting

This cross-sectional study used data from the baseline status of the OA Initiative, a national 

study of knee OA in the United States. Data were downloaded from the National Institutes 

of Health data repository (https://oai.nih.gov) [101].

Sample

The study oversampled Blacks/African Americans. This analysis included 4,664 adults with 

knee OA, which was composed of 3,790 and 874 White and Black individuals, respectively. 

Main inclusion criteria were: 1) men and women ages 45 – 79, and 2) All ethnic minorities 

(oversample African Americans). Major exclusions included 1) Inflammatory arthritis (RA), 

2) 3-T MRI contraindication, and 3) Bilateral end-stage knee OA. More detailed justification 

of the sampling and design of the study is available elsewhere [101].

Measures

This study used data on race, ethnicity, gender, age, and income.

Demographic Characteristics

Gender and age were the demographic variables. Age was a continuous measure, and gender 

was a dichotomous variable (1 = female, 0 = male).
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Annual income

Annual income was the independent variable, which was operationalized in this study as a 

dichotomous variable with the USD 50,000 being the cut off. This variable was coded as 1 

versus 0, with 1 reflecting an annual income of more than USD 50,000. The same cut off is 

commonly used as a threshold for income [98–100].

Cohorts

The study was composed of three sub-cohorts. 1) Progression cohort determined by 

symptomatic tibial-femoral knee OA. This group required presence of both osteophytes and 

frequent symptoms at least in one knee. These included definite tibial-femoral osteophyte 

(Osteoarthritis Research Society International [OARSI] atlas grade I to III) and presence of 

pain, ache or stiffness on most days of a month during the past 12 months. 2) Incidence 

cohort determined by increased risk for symptomatic OA at least in one knee but no 

symptomatic tibial-femoral OA in either knee. Although x-ray evidence of OA was absent, 

these patients all had frequent knee symptoms and complaints. They could have osteophytes 

in either knee, however, should not have frequent symptoms and osteophytes in the same 

knee. This group required at least two other eligibility risk factors. 3) Control Cohort, 

determined by lack of symptoms and no radiographic evidence of tibial-femoral or patello-

femoral OA in either knee, in addition to absence of any eligibility risk factor.

Overweight/obesity

Overweight/obesity was the dependent variable. Overweight/obesity was defined as a body 

mass index (BMI) of 25 kg/m2 or more, which was calculated based on weight and height 

directly measured. Overweight/obesity was operationalized as a dichotomized variable 

composed of under-weight or healthy weight (BMI up to 24.9) versus overweight/obesity 

(BMI equal to or more than 25.0) which included overweight, as well as class I, class II, and 

class III of obesity. We considered overweight and obesity with BMI of 25 as a cut off 

because they both are a risk factor for sores trajectory of OA [97].

Race

Race, the focal moderator, was self-identified as Blacks / African Americans or Whites.

Data Analysis

All data analysis was conducted in Stata 15.0 (Stata Corp.; College Station, TX, USA). As 

we were only interested in comparison of Whites and Blacks, the analytical sample was 

composed of Blacks and Whites. To describe the sample, we reported mean (SE) and 

frequencies (%) overall and by racial group. For multivariable analysis, we used four logistic 

regression models. In our models, household income was the primary independent variable 

of interest, overweight/obesity was the primary dependent variable of interest, and age, 

gender, ethnicity, and cohort were the control variables. Model 1 and Model 2 were 

estimated in the total sample while Models 3 and 4 were tested in each race. Model 1 did not 

include our interaction term; however, Model 2 included our interaction term as well (race * 

household income). Model 3 was specific to Whites and Model 4 was run for Blacks. This 

analytical strategy was chosen because (a) every modeling strategy of interactions should 
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always start in the absence of interactions, and (b) there is a need to confirm the results of 

the interaction model with group specific models. In other terms, models should always test 

additive effects before they test multiplicative effects. As a result, we tested two pooled 

sample models (Model 1 and Model 2) first. To confirm the result of the Model 2, which 

suggested a stronger effect in Whites than Blacks, we ran race-specific models. This 

approach has become the standard way to test racial differences in the very same 

associations [28,46].

3. Results

3.1. Descriptive Statistics

This analysis included 4,664 adults with knee OA. The sample was composed of 3,790 

Whites and 874 Blacks. Table 1 depicts descriptive characteristics of the overall sample, as 

well as Whites and Blacks with knee OA. As this table shows, Blacks with knee OA were 

younger, and had lower levels of income but more risk of overweight/obesity than their 

White counterparts.

3.2. Pooled Sample Logistic Regressions

Table 2 presents two logistic regressions, one with only the main effects (without 

interactions) and one with the interaction between race by income. Based on Model 1, 
overall, high income was associated with lower odds of overweight/obesity in individuals 

with knee OA. Based on Model 2, race and income showed significant interaction on the 

odds of overweight/obesity in the individuals with knee OA, which was suggestive of Blacks 

relative disadvantage compared to Whites regarding the protective effect of high income 

against overweight/obesity.

3.3. Race Stratified Logistic Regressions

Table 3 describes the results of logistic regression models that were specific to racial groups. 

Model 3 found a protective effect of high income against odds of overweight/obesity for 

Whites. Model 4, however, did not show any effect of high income on odds of overweight/

obesity for Blacks.

Figure 1 shows that OR of income on overweight/obesity is smaller than 1.00 and the 95% 

CI does not cross 1.00 for Whites. For Blacks, however, OR of income is larger than 1.00 

and 95% CI does include 1.00.

4. Discussion

The study documented considerable racial differences in the association between income 

and overweight/obesity in patients with knee OA. Among individuals with knee OA, risk of 

overweight/obesity depends on income level for White but not Black patients. That means, 

Blacks with OA remain at high risk of overweight/obesity across all income levels.

Our first finding (the protective effect of income against being overweight/obese in the 

pooled sample and among Whites with knee OA) supports previous studies on how SES 
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resources reduce undesired health outcomes including overweight/obesity [71,84–89]. High 

SES has shown strong effects on many physical and mental health outcomes [1–3].

The very same income, however, shows a stronger protective effect against overweight/

obesity for privileged individuals than marginalized individuals with knee OA. This is the 

first time such a finding is reported for a clinical sample. With one study being the exception 

[122], all other previous findings on MDRs have enrolled participants from the general 

population.

These findings can be better understood in the context of three recent studies [71]. The first 

study documented Black–White differences in the protective effect of family SES at birth on 

subsequent BMI of youth at age 15. Similar to this work, the previously mentioned study 

showed that family SES has an interaction on BMI, indicating smaller gains of high SES in 

terms of low BMI for Blacks compared to Whites [71]. The second study showed that high 

income protects Whites but not Black children against obesity [96]. In the third study, while 

high SES was linked to low prevalence of overweight/obesity, this association could be only 

found for Whites but not for Blacks [72].

In the United States, given the existing racial residential segregation, race is a close proxy of 

living conditions, access to resources, and opportunities [79]. As a result of residential 

segregation, the very same income gives different purchasing power to various racial groups 

[80]. Density of fast food restaurants is higher in predominantly Black neighborhoods. 

Blacks are more likely than Whites to reside in food deserts that have low availability of 

fresh healthy food options [81–83]. As this study did not focus on neighborhood factors, 

future research may focus on multi-level determinants of diminished return of income on 

diet and exercise of Blacks compared to Whites.

Social determinants of health may have less than expected effects on the health of racial 

minority groups, as shown here for prevalence of overweight/obesity among patients with 

knee OA. Diminished returns of SES are shown for children [11,12], adults [28], and older 

adults [17]. It is not just educational attainment [122] and income [17,46], but also 

employment [90] and marital status [97] that generate poorer health outcomes for Blacks 

than for Whites. These patterns are indicative of a systemic MDR for non-Whites 

[17,44,46,92].

The results should be interpreted with some caution. We do not argue that because Blacks do 

not necessarily benefit from high SES, they should therefore not be inclined to enhance their 

SES. Such racist argumentation would assume that racial differences are innate. However, 

race is a social, political, and economic construct [107–1133], and racial differences are the 

result of socialization, racism, and discrimination. We argue that the solution to racial 

disparities is beyond SES and should also address Blacks’ ability to translate their SES 

resources such as income to tangible outcomes. One example policy would be enhancing 

walkability of inner cities and urban areas, enhancing safety, and reducing crime, and 

increasing healthy food outlets in inner cities. It will be under such conditions that income 

would similarly result in health for Whites and Blacks.
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The diminished returns of SES (MDRs) are likely to be due to fundamental and structural 

causes that are closely linked to race as a social and political construct [107,108]. 

Differential distribution of political power, differential distribution of wealth, 

underrepresentation of Blacks in the US political system, residential segregation, and racism 

across institutions are all higher-level factors that may contribute to the existing MDRs 

[107–113].

We argue that slavery, Jim Crow, social stratification, and marginalization are responsible for 

the MDRs. Such structural factors may not allow Black people to fully enjoy income returns 

on their health. A history of slavery, Jim Crow, and the existing racism are all powerful 

determinants of differential distribution of stress in the daily lives of sub-populations, 

particularly those defined by race and color. The roles of law, history, and politics on 

shaping residential segregation, racial income inequality, and racism are known [108]. Still, 

a large section of the US population, and some political parties deny that racism and 

discrimination exist in today US. While the existing racism is being ignored by some 

sections of the US society, systemic MDRs reflect the systemic racism in the U.S. society 

[116–120].

MDRs is seen across settings, age groups, contexts, and outcomes. The systemic nature of 

MDRs invites federal and governmental interventions. Although the US government may 

theoretically get involved to reduce racism, such action may also result in a backlash by 

other sections of the US society. Governmental interventions in the US have serious 

opponents, thus governmental solutions to reduce racism remains controversial.

Previous work has proposed some policies and programs that may reduce these types of 

problems. We know that poverty alleviation, improvement of the built environment, and 

reduction of residential segregation should be a part of the solution. The problem is not what 

is the solution but is how to gain bipartisan political support for such actions [111–113]. 

Some political parties are against implementation of radical social policy solutions. Some 

political parties with access to power have invested in maintaining the status quo [112]. As a 

result, progress—in matters of life and death—is painfully slow [111–113]. We argue that to 

better understand which economic policies can be most effective, the contribution of the US 

political context on health disparities should be understood and discussed [111–113]. This 

study goes beyond a successful replication of previous studies and invites researchers to 

discuss policy solutions that can minimize MDRs, given the unique aspects of the US 

political environment. Future research should test the interplay between race, racism, class, 

political environment, social structure, and health [102–106].

Implications

This result may have some clinical implications for practice as well as research on diverse 

populations with knee OA. Clinicians should recognize that the health statuses of high SES 

individuals who are from diverse racial and ethnic backgrounds differ. The diminished 

returns of SES in Blacks with knee OA should not be ignored as it suggests high SES Blacks 

with knee OA may have greater health needs than their White counterparts. There is a need 

to develop strategies for prevention and treatment of obesity particularly for Blacks with 

knee OA. There is a need to develop culturally sensitive programs that consider Black 
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individuals’ specific needs and beliefs. There may be a particular need for enhancing 

exercise and improving the diets of Blacks with knee OA. There is a need for programs 

helping to reduce health disparities. More specifically, according to estimates, racially 

tailored programs need to compensate for the diminishing returns of existing resources 

among Blacks. Such strategies may thereby ameliorate overweight/obesity—which 

complicates knee OA particularly in Black patients. We argue that MDRs should be undone 

by programs such as case management or patient navigation, that help individuals use their 

available resources. We argue that MDRs are indicative that highly educated Blacks with OA 

require more intensive attention than highly educated White patients with OA. Future 

research, however, should test various ways by which we can design tailored interventions in 

which African American patients with OA can receive more intensive healthcare utilization.

The results are also relevant to the policy level, as obesity is not just a function of individual 

behavior but also contextual factors such as walkability and availability of food in 

neighborhoods and communities. High availability of fast food and energy dense diets may 

have a role in the highly segregated residential areas that do not easily provide healthy food 

for racial and minority groups. Such policy levels may be an important element of 

elimination of the racial gap in overweight/obesity.

5. Limitations

The main contribution of this study is that it extends an existing literature on MDRs from the 

general population to a clinical sample of patients with knee OA. Thus, although some 

similar results were already available from other research, none of the previous work was 

conducted in clinical samples and none was performed on patients with knee OA. As testing 

MDRs was not the primary intent behind the data collected, we were limited to the variables 

that we could apply. In addition, there was a limited sample of African Americans 

participating as compared to Whites. These issues limit the results of the current study.

The first methodological limitation of this study is a cross-sectional design which limits any 

causal inferences. While it is more likely that low income results in overweight/obesity, 

obesity may also interfere with work, and may result in a decline in SES. There is a need to 

replicate the findings reported here using longitudinal design. Second, the current analysis 

only studied income. Other SES indicators should be studied and include family structure, 

education, occupation, employment, and wealth. Third, few clinical variables were included 

in this study. Fourth, all of the study measures were at the individual level and were related 

to the patient. However, contextual factors such as neighborhood and family that the 

individuals are embedded in have a role. Fifth, we only focused on differences between 

Blacks and Whites, and there is a need to replicate the findings of this study using other 

socially and economically marginalized groups such as Indian Americans and Hispanics. 

Sixth, income was a dichotomous variable, and exact income was not known. Seventh, we 

did not model BMI but categorical overweight/obesity. In addition, this study did not include 

cultural or behavioral measures and mechanisms such as diet, eating habits, density of fast 

food restaurants that could differ for high income Whites and Blacks. We do not know how 

representative the sample of this study is in terms of knee OA as well as with respect to the 

general African American population in the US. The study is also limited to the period over 
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which patients were participating, as the effect that earlier experiences including nutrition, 

occupational status and job requirements as well as SES (which may not be fluid over the 

course of a lifetime) cannot be accounted for. Despite these potential limitations, the current 

study was one of the very few investigations that have documented minorities’ diminished 

returns as a contributing factor for the racial gap in overweight/obesity in knee OA.

6. Conclusions

Racial groups do not similarly gain health from their income, and this is also relevant to the 

epidemiology and burden of overweight/obesity in individuals with knee OA. Due to 

differential treatment by the society, lower purchasing power, residential segregation, 

differential access to fast foods, or individual behaviors, the burden of overweight/obesity is 

not equal for high-income White and Black individuals with knee OA. This finding is in line 

with what we know regarding minorities’ diminished returns of SES. High SES Blacks with 

knee OA may have higher health needs than their White counterparts.
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Figure 1. 
Odds ratio estimates on the association of income and overweight/obesity by race in patients 

with knee osteoarthritis. For White patients, the OR is smaller than 1.00 and 95% CI does 

not include 1 (protective). For Black patients, however, the OR is larger than 1.00 and 95% 

CI does include 1 (non-protective). The 95% confidence intervals are shown in black. 

Estimates are from models 3 and 4 in Table 3 with all variables set at their mean.”
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Table 1.

Descriptive statistics for overall sample and by race.

All Whites Blacks

n % n % n %

Race

 White 3,790 81.26 3,790 81.26

 Black 874 18.74 874 18.74

Gender*

 Male 1,942 41.64 276 31.58 1,666 43.96

 Female 2,722 58.36 598 68.42 2,124 56.04

Hispanics

 No 4,634 99.40 866 99.08 3,768 99.47

 Yes 28 0.60 8 0.92 20 0.53

Cohort*

 Progression Cohort 1,346 28.86 372 42.56 974 25.70

 Incidence Cohort 3,198 68.57 495 56.64 2,703 71.32

 Control Cohort 120 2.57 7 0.80 113 2.98

High Income*

 No 1,690 39.17 490 63.80 1,200 33.84

 Yes 2,624 60.83 278 36.20 2,346 66.16

Overweight/obesity *

 No 1,033 22.15 75 8.58 958 25.28

 Yes 3,631 77.85 799 91.42 2,832 74.72

Mean SD Mean SD Mean SD

Age (Years) * 62.30 0.14 62.76 0.15 60.15 0.30

Source: Osteoarthritis Initiative (OAI), 2004–2006

*
p < 0.05.
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Table 2.

Logistic regression parameter estimates (pooled sample).

OR SE p value 95% CI

Model 1 (Main Effects)

Race (Blacks) 2.83 0.39 0.000 2.16 – 3.71

Age (Year) 0.99 0.00 0.015 0.98 – 1.00

Gender (Females) 0.58 0.05 0.000 0.50 – 0.68

Ethnicity (Hispanics) 0.56 0.25 0.191 0.24 – 1.33

Cohort

2 0.50 0.05 0.000 0.42 – 0.61

3 0.17 0.04 0.000 0.11 – 0.26

Income 0.76 0.07 0.002 0.65 – 0.90

Intercept 16.15 5.08 0.000 8.72 – 29.92

Model 2 (Main Effects + Interactions)

Race (Blacks) 2.14 0.37 0.000 1.52 – 3.01

Age (Year) 0.99 0.00 0.012 0.98 – 1.00

Gender (Females) 0.58 0.05 0.000 0.49 – 0.68

Ethnicity (Hispanics) 0.56 0.25 0.185 0.23 – 1.32

Cohort

2 0.50 0.05 0.000 0.41 – 0.61

3 0.17 0.04 0.000 0.11 – 0.26

Income 0.71 0.06 0.000 0.60 −0.85

Race (Black) × Income 2.00 0.58 0.017 1.13 – 3.53

Intercept 17.48 5.53 0.000 9.40 – 32.51

Source: Osteoarthritis Initiative (OAI), 2004–2006; Outcome: overweight/obesity, Confidence Interval (CI). The reference cohort is cohort 1 
(progression cohort).
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Table 3.

Race-specific logistic regression parameter estimates.

OR SE p value 95% CI

Model 3 (Whites)

Age (Year) 0.99 0.00 0.016 0.98 – 1.00

Gender (Females) 0.54 0.05 0.000 0.46 – 0.63

Ethnicity (Hispanics) 0.64 0.33 0.385 0.24 – 1.74

Cohort

2 0.51 0.05 0.000 0.42 – 0.63

3 0.19 0.04 0.000 0.12 – 0.29

Income 0.70 0.06 0.000 0.59 – 0.84

Intercept 17.93 5.90 0.000 9.41 – 34.19

Model 4 (Blacks)

Age (Year) 0.99 0.02 0.497 0.96 – 1.02

Gender (Females) 1.27 0.35 0.385 0.74 – 2.17

Ethnicity (Hispanics) 0.29 0.25 0.156 0.05 – 1.59

Cohort

2 0.44 0.13 0.006 0.25 – 0.80

3 0.05 0.05 0.001 0.01 – 0.30

Income 1.59 0.46 0.110 0.90 – 2.79

Intercept 22.70 23.25 0.002 3.05 – 169.01

Source: Osteoarthritis Initiative (OAI), 2004–2006; Outcome: overweight/obesity, Confidence Interval (CI). The reference cohort is cohort 1 
(progression cohort).
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