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Abstract

Objective—To evaluate the association between lifecourse socioeconomic position (SEP) and

changes in body mass index (BMI), and assess disparities in these associations across racial/ethnic

groups.

Methods—With longitudinal data from 4 waves of the Americans Changing Lives Study (1986–

2002), we employed mixed-effects modeling to estimate BMI trajectories for 1,174 Blacks and

2,323 White adults. We also estimated associations between these trajectories and lifecourse SEP

variables, including father’s education, perceived childhood SEP, own education, income, wealth,

and financial security.

Results—Blacks had higher baseline BMI’s, and steeper increases in BMI, compared to Whites.

Childhood SEP, as measured by high father’s education, was associated with lower baseline BMI

among Whites. High education was associated with a lower baseline BMI within both race and sex

categories. Income had contrasting effects among men and women. Higher income, was associated

with higher BMI only among males Associations between indicators of SEP and BMI trajectories

were only found for Whites.

Conclusions—Our study demonstrates that lifecourse SEP may influence adult BMI differently

within different racial and sex groups.
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INTRODUCTION

Despite widespread recognition of racial/ethnic and socioeconomic disparities in obesity,

little is currently known about how race/ethnicity and socioeconomic position may be

associated with long-term changes in BMI. Most reports of changes in BMI over time

among adults involve the analysis of repeated cross-sectional surveys, allowing only for the

examination of secular trends in obesity, weight, or BMI (1, 2). Such designs do not allow

for analysis of changes in BMI within the same cohort; thus, factors associated with

disparities in increases in BMI across racial/ethnic groups within the adult U.S. population

have not been studied extensively.

Etiologic research into Black/White racial disparities in BMI suggests that differences in

socioeconomic position (SEP) may account for disparities in obesity (2, 3). A general focus

on SEP, however may be an oversimplification, as SEP is a latent concept which indicates

an individual’s position in a given social stratification scheme. Moreover, SEP is also known

to influence health over the lifecourse, such that health status in later life is a function of a

lifetime’s worth of exposure to the influences of SEP. In fact, studies have shown that

childhood SEP affects adult BMI status independently and in conjunction with adult SEP

(4).

Objectively diverse measures of SEP—such as income, education, or wealth—may be

differentially influential in specific racial-ethnic subgroups and among men and women (5).

Recent literature suggests that when the exposure of interest is a social variable such as SEP,

stratification by race may yield disparate associations among racial groups (6, 7).

In order to advance our understanding of the influence of SEP on adult BMI within Blacks

and Whites, we adopt a lifecourse perspective by estimating individual patterns of BMI over

an extended period of time (i.e. trajectories), and by assessing how these trajectories are

associated with both childhood and adult SEP. In particular, the objectives of the study were

to:

a. estimate racial differences in BMI trajectories in US men and women;

b. explore racial differences in associations between different components of

lifecourse SEP and BMI trajectories among US men and women;

METHODS

Subjects

The study utilizes data from four waves of the Americans’ Changing Lives (ACL) study,

conducted initially in 1986 (W1), with follow-up interviews in 1989 (W2), 1994 (W3), and

2002 (W4) (8). The first wave of the ACL involved a multistage, stratified area probability

sample of non-institutionalized adults aged 25 and older and collected data from 3,617

participants. Because the focus of the survey was differences between Black and White

Americans in middle and late life, Blacks and people aged 60 and older were over-sampled,

with a household response rate of 68% at W1. The response rates for the next three waves

were 83%, 83%, and 74%, respectively, for each wave, among the surviving respondents

Insaf et al. Page 2

Prev Med. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



(Figure 1). Death rates in the ACL sample are largely equivalent to national estimates for the

study period (9).

Measures

The dependent variable in this study was body mass index (BMI), a time varying continuous

measure calculated by dividing self-reported weight in kilograms by self-reported height in

meters squared. Time was measured in years since baseline at 1986. Covariates such as

gender, age, height and number of children were reported at baseline and analyzed as

potential confounders in all models:

We assessed lifecourse SEP by measuring SEP in childhood and adulthood using variables

described in Table 1. Childhood SEP was assessed at W2 and consisted of two variables:

respondents' father’s completed education (high school or more compared to less than high

school) and perceived childhood socioeconomic status (average/higher vs. low) compared

with an average family in the community at the time the respondent was growing up).

Adult SEP was assessed over several waves and consisted of 4 variables including

education, income, wealth and financial security. Completed education (high school or more

compared to less than high school) was assessed in W1. Family income was assessed in all 4

waves (continuous, time varying). Because income was only reported as a categorical

variable in W1, we used mid-points of each respective category as the respondent’s income

for the continuous measure for that year. To facilitate comparison across time, income was

adjusted for inflation using the Consumer Price Index so that income at each time point

represented value in 1986 dollars. Log transformed values were used in the regression

analyses.

Wealth (continuous, time varying) was assessed in all 4 waves as a 7 category ordinal

variable and was based on reported values of real estate, value of business or farm,

retirement accounts, savings and investments, one or more cars, and other assets. After

assessing the linearity of wealth in association with BMI in bivariate analysis, we included

wealth as a continuous variable in the multivariable models. Finally, an index of financial

security (continuous, time varying) was constructed from three survey questions pertaining

to a subject’s financial situation asked in each of the four waves: Higher scores on the

resulting scale reflect more financial security (Cronbach’s alpha= 0.81).

Statistical Analyses

We employed inference by multiple imputation to address uncertainty due to missing values

caused by attrition as well as arbitrary item non-response. The underlying imputation model

was a multivariable normal model with unstructured covariance matrix to preserve the

longitudinal aspect of the study. SAS procedures PROC MI and PROC MI ANALYZE were

used for computations (10). To assess the impact of missing data on the uncertainty

measures of the substantive models, we looked at the rate of missing information (11). All

models had relative efficiencies greater than 0.90, which suggests that the number of

imputations was sufficient to achieve stable estimates (11). Our statistical inference

employed mixed-effects models to accurately incorporate the repeated measures into the

estimation of standard errors and to model change over time while estimating the individual
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characteristics’ impact on this change. As the longitudinal outcomes tend to be correlated

with heterogeneous variation over time, mixed-effects models have been a popular tool to

incorporate this structure into the inference. To compare racial differences in trajectories of

BMI and predictors of such trajectories all analyses were stratified by race (Blacks and

Whites). We centered time invariant variables at the mean and time varying predictors at the

year of first wave of data collection to facilitate interpretation as well as to avoid bias (12,

13). We centered age at age 25 which was the minimum age at W1.

We first modeled trajectories of BMI and tested whether there is a significant variation

across persons from population-level BMI trajectory over time. These models assessed a

linear trend over time. We estimated BMI at each time point by sex and age separately for

Blacks and Whites. The estimates from these models were plotted to show initial trajectories

unadjusted for SEP. We explored other more flexible models using quadratic or cubic terms

for time to allow for non-linearity of BMI trajectories over time. These alternative

specifications for time were not statistically significant from the base model and did not

improve model fit.

In the second step of our analyses, we further investigated how BMI trajectory is influenced

by lifecourse SEP. Using the mixed effects framework, the associations between lifecourse

SEP, W1 BMI and BMI change may be assessed together. The effect of each individual SEP

variable on BMI at W1was assessed initially. To assess the effects of SEP on the change in

BMI interaction terms with time were added for each variable. For time varying factors such

as income, wealth and financial security, both the W1 value and the centered variables were

entered in the models to assess the effect of the baseline value as well as change in these

variables over time. The centered term for the time varying factors therefore measures a

change from the baseline value.

For multivariable analyses, those SEP variables and covariates that were significant at the

alpha = 0.20 level in bivariate models were included in the full model. Purposeful backward

selection procedures were then used to retain those variables that were independently

associated with BMI at W1 and BMI slope. We used Bayesian information criteria and

directed acyclic graphs (14) for assessing goodness of fit and variable selection leading to

covariate-adjusted models that included age, sex, height and number of children, as well as a

random intercept and slope. Each variable was also assessed as a potential confounder when

assessing the associations of the other variables. A variable was considered to be a

confounder and retained in the model if the partial regression coefficient of the lead term

varied by more than ten percent when the variable was deleted from the model (14). To

make the models comparable between the two racial groups we retained all variables that

were significant for either group at alpha=0.05 level. Finally we explored whether these

associations were differential among males and females by introducing interactions with

sex. To maintain statistical hierarchy, we included the main effects terms as well as the

interaction terms for those variables where the interactions were statistically significant. All

statistical tests were 2 sided. All statistical analysis was conducted using SAS 9.2 (Cary,

NC).
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RESULTS

We present the baseline (W1) distribution of BMI, lifecourse socioeconomic variables, and

covariates after weighting to represent the US population in 1986in Table 2. Compared to

Whites, Blacks on average had a higher baseline BMI and lower levels of SEP for indicators

of childhood and adult status. Unadjusted BMI trajectories by race and sex are shown in

Figure 2. Black females had the highest baseline BMI at all ages while White females

consistently had the lowest baseline BMI. Because age was centered at age 25, the slope

coefficients represent change over time for a subject who was 25 years old at baseline. To

calculate the effect for other ages, a linear combination of the estimates for age, slope

coefficients and the age*time interaction were used. At age 25 all groups showed an

increasing BMI trajectory with Black females and males having steeper slopes than White

females and males. Among the oldest age groups, Blacks had a somewhat steeper decline in

trajectories than Whites. A cohort effect is evident in all racial groups. For example, those

who were 25 years at baseline (1986) had a higher BMI at age 40 (which they reached in

2002) than those who were aged 40 in 1986. Similarly, adults aged 55 in 1986 had lower

BMI at that age than adults of the same race and sex in the 40 year age group who reached

55 in 2002.

Effect of Lifecourse Socioeconomic Position in Multivariable Models

We explored how various individual socioeconomic factors during the lifecourse were

associated with BMI at baseline and BMI trajectories after adjusting for other

socioeconomic factors. In multivariable models adjusting for all SEP variables (Table 3),

high education was associated with a lower baseline BMI among both Blacks (−1.25kg/m2)

and Whites (−0.812 kg/m2). The inverse association between father’s education and

respondent’s BMI was similar in magnitude for Blacks (−0.689 kg/m2) and Whites (−0.594

kg/m2) but only achieved statistical significance for Whites. We found that income and

financial security had significant interactions with sex. A direct association between income

and baseline BMI was present for men but not for women. In contrast, the interaction

between baseline financial security and sex indicated that financial security was associated

with lower BMI only for Black women. None of the various SEP predictors had a significant

effect on slope of BMI among Blacks in the multivariable model.

Baseline characteristics that independently predicted a steeper increase or more gradual

decline in BMI trajectories for Whites included being female, high perceived SES as a child

and greater income but a lower sense of financial security.

DISCUSSION

We analyzed data from a longitudinal study of a nationally representative sample to describe

difference in predictors of BMI trajectories among Blacks and Whites. In Whites, lifecourse

socioeconomic factors were associated with baseline BMI as well as change in BMI. Among

Blacks, lifecourse SEP variables influenced the baseline BMI but not the change in BMI

over time. Racial differences in baseline BMI were attenuated after socioeconomic

adjustment but those in BMI change over time persisted even after accounting for

socioeconomic differences. Higher education was associated with a lower BMI among all
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groups. However, father’s education, income and financial security had varying effects

within demographic subgroups.

Although low father’s education was initially associated with high baseline BMI and a

decline in the slope coefficient among both Blacks and Whites (data not shown), the

association among Blacks was no longer statistically significant after adjustment for adult

SEP. These findings may reflect differences in precision related to subgroup sample size, but

alternatively may suggest that childhood SEP has different pathways in influencing adult

health among racial groups. An effect of both childhood SEP and adult SEP as seen in

Whites supports a cumulative effects model of lifecourse theory where the total “dose” of

socioeconomic adversity is important (15). On the other hand, there is a suggestion that for

Blacks the sequence of adversity is relevant such that low childhood socio-economic

position affects adult behaviors and broader social circumstances thus supporting the

pathway model of lifecourse theory (16). These findings are supported by earlier studies

which found that health behaviors and obesity among adolescents were influenced by

socioeconomic position only among White adolescents but not among Black adolescents

(17, 18).

In our study, lower baseline BMI was associated with high education consistently among

Black and White men and women even after adjustment for income and wealth, suggesting

that those with lower education may lack the knowledge of successful strategies or access to

resources to combat obesity, and should therefore be a priority group for public health

interventions. Our results are consistent with reports from the Atherosclerosis Risk in

Communities (ARIC) and the cross-sectional National Health and Nutrition Survey

(NHANES) studies exploring associations of BMI with adult socioeconomic status (19, 20).

We found that higher baseline income among men was associated with a higher baseline

BMI. In the ARIC study, Black men with a higher income and education had a higher BMI

but these associations were not seen in White men (19). Another cross-sectional study

suggests that among men, higher income may be associated with higher BMI, while higher

income women are less likely to be obese than low income women (20). The direct

association between baseline income and BMI in men may reflect reduced levels of physical

activity in higher income occupations. Men and women also may have strikingly different

attitudes towards body weight status and have different practices for controlling body weight

(21). In most Western societies, women hold a more negative attitude towards obesity than

men and may be more likely to invest their resources to pursue a thinner ideal body than

men (22).

Socioeconomic disadvantage has long been thought to be a ‘fundamental cause’ of obesity,

and it has been thought that weight gain is the result of restricted knowledge of, and access

to, health improvement strategies and resources among disadvantaged social groups (23).

Our results for change in BMI over time suggest that even the socially advantaged may be at

a high risk of obesity despite their greater access to resources. Similar findings are beginning

to appear in the literature, where social advantage does not confer the expected protective

effects against weight gain in Americans, especially among minorities (19, 24). High income

does not translate into the same benefits for protecting against obesity – e.g., environmental,
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behavioral, socio-cultural – among Blacks compared to Whites. Racial disparities in obesity

may result from neighborhood environment, differential access to healthcare and

psychosocial factors such as chronic stress and discrimination (25) which lead to weight

gain through behavioral (e.g. coping behaviors such as over-eating and sedentariness) and

biological (prolonged exposure to cortisol) pathways (26).

Study Limitations and Strengths

Our study has several strengths over previous reports on the association between lifecourse

SEP and racial differences in BMI. Based on evidence that SEP measures, such as

education, income and wealth, are not interchangeable and should be evaluated separately

(5), we used multiple measures of lifecourse SEP for our analysis. In our study, both

childhood and adult SEP are measured using a combination of more objective (education,

income) and subjective (perceived childhood SEP and Financial Security in adulthood)

measures. Both absolute and relative SEP are important to consider when assessing

socioeconomic inequalities in health (27). We measured SEP at multiple points in the

lifecourse, with retrospective measures of childhood SEP and education and prospective

measurement of income, wealth and financial stress at 4 time points in adulthood spanning

16 years. Using education of parents as an indicator of childhood SEP is advantageous

because parental education is less likely to change than occupation or income after young

adulthood. Our use of mixed models for analyses allowed for the analyses of multiple

exposures simultaneously (28). We found only modest correlations between our different

measures of SEPs, and previous literature suggests that multiple socioeconomic status

variables can be adjusted for in the same model without issues with collinearity (5). We used

multiple imputations to address attrition which may lead to selection bias in panel studies.

Although we found no significant differences between findings using the imputed datasets

as compared to the complete case analysis, we present results from the multiple imputed

dataset as it incorporates the added uncertainty due to missing data. Therefore, our inference

is more conservative and accurate than those ignoring incomplete cases.

Our results should be interpreted in light of the study limitations. For data on early life

socioeconomic circumstances, we relied on recall in adult life. However, previous research

has confirmed the quality of retrospective childhood SEP reports (29, 30) and parental

education has been particularly well recalled (31). The effect of childhood SEP may depend

on the measure used (32). Perceived childhood socioeconomic status assesses income

inequality and is a more subjective measure than education and income which measure

absolute levels of SEP. The test-retest reliability of similar scales has been high (0.67–0.73)

(33, 34). Previous reports have suggested that individuals who may be worse-off than

community members in their neighborhood are more likely to have poor health status

presumably due to limited access to social services which may be concentrated in poor

neighborhoods, or due to stress resulting from social stigma and exclusion (35, 36).

Selected SEP indicators such as income and wealth may be sensitive and therefore result in

underreporting (37). Turrell found that respondents with high incomes were more likely to

not report their income and that income non-reporting was lowest among the unemployed

and those receiving government support (37). Results from validation studies of other health
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surveys demonstrate that there may be a modest measurement error in self-reports for

income (a magnitude of approximately 900–1000$) with a larger bias in higher

socioeconomic groups (38). Nevertheless, our use of multiple indicators, such as education

and financial security that may be reported with more accuracy may limit the bias resulting

from misreporting of some indicators. We conducted sensitivity analyses exploring

alternative categorizations for childhood SEP, father’s education and respondent’s

education. We found that the results did not vary greatly in magnitude and direction using

these specifications; therefore we presented the results with simple dichotomy to ease

interpretation.

We used self-reported weight and height to calculate BMI which may underestimate the true

BMI. However, a previous report in this dataset found that the associations between BMI

and socioeconomic factors did not change when BMI was corrected for bias due to self-

report (39). The degree of adiposity associated with a given level of BMI may vary by age,

sex, and racial and ethnic group (40, 41). Further, the relative risk for cardiovascular

mortality associated with a given BMI level may be lower for blacks than for whites (42).

However, there are significant absolute risks associated with high BMI among all racial

groups to warrant investigation among all groups. In this study, selective survival over 16

years of follow-up in the initially middle-aged members of the cohort may also have

affected the analysis of SEP and BMI trajectories, if mortality risk was relatively greater

among low SEP individuals who had gained weight over time.

We did not have data on childhood health status and early life weight gain which have been

shown to be important predictors of adult SEP and adult health.. Although there is some

evidence that persistent overweight since childhood may affect some socioeconomic

measures, like income, more than others, such as education and wealth (43, 44) especially in

women (43, 44) the overall contribution of childhood health status to socioeconomic

gradients seems to be minimal (45).

CONCLUSION

While it is important to study lifecourse influences on adult health, our study suggests that

these measurements may not be equivalent by race and sex. Overall our findings suggest that

a varied focus on socioeconomic factors in the prevention and management of obesity may

be needed across population groups, because men and women from different racial groups

may respond differently to intervention programs and policies targeting obesity tailored to

socioeconomic factors.
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• Longitudinal Data from the Americans Changing Lives Study (1986–2002) was

used

• Lifecourse socioeconomic predictors of BMI trajectories were analyzed

• High father’s education, was associated with lower baseline BMI among Whites

• High education was consistently associated with a lower BMI.

• Higher income was associated with higher BMI only among males
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Figure 1.
Americans’ Changing Lives Study (1986–2002) - Survey Design and Response Rates
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Figure 2.
Unadjusted BMI trajectories by Race and Sex in the Americans’ Changing Lives Study

(1986–2002)

BMI=Body Mass Index, Time in years since wave 1
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Table 1

Lifecourse Socioeconomic Position variables in the Americans Changing Lives Survey 1986–2002

Variable Survey Question Wave
collected

Categories

Father’s education How many years of school did your father finish? Wave 2 0= <12 year
1= >=12years

Perceived Childhood SEP Compared with the average family in your community at the time you
were growing up, was your family BETTER OFF financially,
ABOUT AVERAGE, OR WORSE OFF?

Wave 2 0=Poor childhood
SEP
1=Not poor

Education What is the highest grade of school or year of college you have
COMPLETED?

Wave 1 0= <12 year
1= >=12years

Income Taking into consideration all sources of income, what was your (and
your (husband's/wife's)) total income before taxes in the last 12
months?

All waves Continuous

Wealth Suppose you needed money quickly, and you cashed in all of your
(and your (husband's/wife's)) checking and savings accounts, and any
stocks and bonds, and real estate (other than your principal home). If
you added up what you would get,

1 LESS THAN $10,000

2 $10,000 TO $19,999

3 $20,000 TO $49,999

4 $50,000 TO $99,999

5 $100,000 TO $199,999

6 $200,000 TO $499,999

7 GREATER THAN OR EQUAL TO $500,000

All waves Continuous

Financial security 1 How satisfied are you with (your/your family's) present
financial situation -- COMPLETELY, VERY,
SOMEWHAT, NOT VERY OR NOT AT ALL satisfied?

2 How difficult is it for (you/your family) to meet the
monthly payments on your (family's) bills? Is it
EXTREMELY DIFFICULT, VERY DIFFICULT,
SOMEWHAT DIFFICULT, SLIGHTLY DIFFICULT,
OR NOT DIFFICULT AT ALL?

3 In general, how do your (family's) finances usually work
out at the end of the month -- do you find that you usually
end up with SOME MONEY left over, JUST ENOUGH
MONEY to make ends meet OR NOT ENOUGH
MONEY to make ends meet?

All waves Continuous. This index
was constructed by taking
the arithmetic mean of the
three items used and
standardized using Wave
1 means and standard
deviations. High values
indicate a higher level of
Financial Security
(indicating a higher SEP)
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Table 3

Results from Multivariable Mixed Models for the effect of Lifecourse SEP variables on BMI at baseline and

change in BMI in Blacks (n=1174) and Whites (n=2323) in the American Changing Lives cohort 1986–2002:

Interactions by sex

Blacks Whites

Estimate 95% CI Estimate 95% CI

Interecept(BMI at age 25) 23.122 (18.299, 27.944) 25.277 (21.914, 28.640)

  Males (Ref) vs females −11.177 (−18.074, −4.279) −7.932 (−12.60, −3.263)

  Father's education > =12 years vs. <12 yr(Ref) −0.689 (−1.635,0.257) −0.594 (−1.057, −0.131)

  Childhood SES Better off/average vs worse(Ref) 0.547 (−0.242, 1.337) 0.249 (−0.260, 0.758)

  Education> =12 years vs. <12 yr (Ref) −1.250 (−2.009, −0.490) −0.812 (−1.296,−0.329)

  Baseline income (females) 0.150 (−0.334, 0.634) −0.170 (−0.496, 0.155)

  Baseline income(males) 1.307 (0.695, 1.942) 0.809 (0.397, 1.221)

  Baseline financial security(females) −0.541 (−0.915, −0.167) −0.109 (−0.368, 0.150)

  Baseline financial security(males) 0.386 (−0.153, 0.926) −0.262 (−0.585, 0.060)

Time (Change in BMI/year) 0.324 (0.041, 0.608) −0.002 (−0.190 0.186)

  Time*Males (Ref) vs females −0.017 (−0.062, 0.028) −0.029 (−0.052, 0.006)

  Time* Childhood SES Better off/average vs. worse(Ref) −0.012 (−0.063, 0.039) 0.036 (0.003, 0.069)

  Time* baseline income 0.000 (−0.027, 0.028) 0.021 (0.003, 0.038)

  Time* baseline financial security −0.001 (−0.023, 0.021) −0.018 (−0.032, −0.004)

a
All models adjusted for age, sex, sex*time, age*time height and number of children BMI=Body Mass Index, SEP= Socioeconomic Position, 95%

CI=95% Confidence Interval Bold numbers represent statistical significance at 0.05 level

To make the models comparable between the two racial groups we retained all variables that were significant for either of the two groups at
alpha=0.05 level. Main effect of childhood SES was included because the interaction between childhood SES and time was significant for Whites.
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