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Introduction

Racial disparity in preterm birth (PTB) remains 
one of the most salient health disparities in 
the United States today. Despite significantly 

improved neonatal survival, PTB is still the leading 
cause of infant mortality.1 Extensive research, including 
successful identification of several important risk fac-
tors for PTB, has unfortunately not succeeded in reduc-
ing the disparity in rates of prematurity between infants 
born to African-American and white American mothers, 
which is still largely unexplained.2

Current evidence suggests that both maternal stress3-6 
and genital tract infections6-11 are involved in the etiology 
of PTB, and differences in the distribution of these under-
lying risk factors by race may be at least partly respon-
sible for the observed disparity.2 Specifically, chronic 
stress and infection may cause local or systemic inflam-
mation or an upregulated inflammatory response, which 
then may put a woman at higher risk of PTB.12,13

C-reactive protein (CRP) is an acute-phase reactant 
that is a marker of chronic inflammation and remains 
stable in serum,14 and even minor elevations in CRP 
have been shown to be predictive of many adverse health 
outcomes, including cardiovascular disease (CVD).15,16 
Several recent studies have also observed an association 
between elevated CRP during pregnancy, which may in 
part reflect subclinical genital tract infections and com-
plications, including pre-eclampsia17-19 and PTB.20-23 
Indeed, women who have a history of delivering a pre-
mature infant are known to be at higher risk of CVD 
later in life,24-26 suggesting that both pathologies may be 
related to a common inflammatory pathway.

Numerous studies have observed racial and socioeco-
nomic gradients in CRP levels, with those of nonwhite 
race and lower socioeconomic status (SES) consistently 
having higher serum CRP levels.27 This may be in part 
due to behavioral factors such as smoking and body 
mass index (BMI), lifestyle factors which are known to 
be associated with inflammatory markers and strongly 
racially and socioeconomically patterned. To the extent 
that elevated CRP is a marker of risk for PTB, underly-
ing differences in CRP by race and SES could partially 

© 2008. From the Department of Obstetrics and Gynecology, University of 
Washington, Seattle, WA. Send correspondence and reprint requests for 
J Natl Med Assoc. 2008;100:540–546 to: Kathleen Paul, University of 
Washington, Department of Obstetrics and Gynecology, Seattle, 
WA; phone: (206) 543-9069; fax: (206) 543-3915; e-mail: ktpaul@
u.washington.edu

Financial support: This work was funded by the National Insti-
tutes of Health (grant HD-41682).

The persistent racial disparity in preterm birth (PTB) remains 
one of the most obvious yet poorly understood health dis-
parities in the United States, and current evidence sug-
gests that maternal stress, infection and inflammation may 
play an important role in the etiology of PTB. In this con-
text, we assessed the complex relationships among racial 
identity; socioeconomic status (SES); psychosocial factors; 
and serum C-reactive protein (CRP), an inflammatory bio-
marker, among parous women in King County, WA. African-
American women consistently reported a higher number of 
stressful life events than white American women (4.6 vs. 2.9, 
p<0.001), as well as slightly higher levels of perceived stress 
and lower social support (24.7 vs. 22.2, p=0.011, and 3.4 vs. 
3.6, p=0.06, respectively). In the multivariate analysis, Afri-
can-American race, low-income status and their interaction 
were all independently associated with CRP; when further 
adjusted for proximal psychosocial, behavioral and infec-
tious factors, race and income associations were signifi-
cantly reduced. Stressful life events score was the single best 
proximal predictor of CRP levels (b=0.07 per event, p<0.001), 
while perceived stress and social support were not signifi-
cantly related to CRP. These results support the hypothesis 
that differences in CRP by racial identity and income may 
be mediated by differences in proximal risk factors, includ-
ing stressful life events and health behaviors such as smok-
ing. Objective life event stressors may be important to con-
sider in future studies investigating a potential inflammatory 
etiology for preterm birth.

Keywords: health disparities n C-reactive protein n 
inflammation n obstetrics/gynecology

The Relationship between Racial Identity, 
Income, Stress and C-Reactive Protein among 
Parous Women: Implications for Preterm Birth 
Disparity Research
Kathleen Paul, MPH; Doris Boutain, PhD, RN; Kathy Agnew, BS; Joycelyn Thomas, RN; and 
Jane Hitti, MD, MPH



JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION VOL. 100, NO. 5, MAY 2008 541

Racial Identity, Income, Stress and C-Reactive Protein

explain the racial disparity in PTB. 
Recent attention has also focused on how psycho-

social factors may be related to inflammation, either 
directly via immune or endocrine pathways, or through 
intermediate behavioral factors. One large study found 
that constructs, including cynical distrust, chronic stress 
and depression, were positively associated with several 
biomarkers of inflammation, including CRP.28 

Nearly all prior studies have explored CRP in the 
context of CVD, recruiting predominantly middle-aged 
and elderly subjects. Only one small study has investi-
gated the effects of psychosocial stress on CRP among 
pregnant women (n=52), finding that elevated stress 
and low social support were modestly associated with 
CRP levels across pregnancy.12 In the context of preven-
tion of adverse birth outcomes, more comprehensively 
investigating both the distal and proximal determinants 
of CRP among women of childbearing age is an impor-
tant research priority.

The objective of this study was to explore the effects 
of perceived stress, life events stress, social support, racial 
identity and SES on serum CRP levels among parous 
women of childbearing age. Specifically, we aimed to assess 
how effects of distal factors such as race and SES might be 
mediated by more proximal psychosocial factors. 

METHODS
Data for this study came from the “A Better Chance” 

(ABC) Project, a population-based cohort study of parous 
women in King County, WA, which aimed to investigate 
mechanisms for racial disparity in preterm birth rates. 
The study was granted human subjects approval by the 
Washington State Institutional Review Board (WSIRB), 
and all subjects provided written informed consent.

The present analysis is cross sectional in design, uti-
lizing only data collected at enrollment. Women with a 
history of prior early preterm (20–34 weeks) or prior 
term (≥37 weeks) birth were recruited through one of 
two mechanisms. Eligible women were identified via 
the Washington State Birth Certificate Database from 
2002–2006 and were contacted by a Public-Health 
Seattle & King County liaison to assess interest. Study 
personnel were only provided contact information for 
those women who consented. In addition, women were 
recruited through advertisements at local medical cen-
ters, day care centers, women’s shelters, and other pub-
lic settings. Eligibility criteria included being U.S.-born, 
being a King County resident at the time of delivery and 
having had no hypertensive complications during the 
index pregnancy.

Participants completed a structured in-home inter-
view at enrollment that ascertained basic demographic 
information, and medical and reproductive history. 
Racial identity was ascertained by subject self-identifi-
cation and was categorized as white American or Afri-
can-American for the purposes of this analysis. Annual 

household income was categorized based on a priori cut-
points defined by the King County Housing and Urban 
Development (HUD) statistics for 2005;29 women with 
household incomes of <50% of the King County median 
were classified as low income. We chose to reference 
household income to a local standard in order to evalu-
ate relative as opposed to absolute poverty, especially 
given the relatively high cost of living in this region. 
Additionally, income thresholds were specifically based 
on household size in order to better approximate abso-
lute resources available; thus, women living in house-
holds with relatively high incomes may still be classi-
fied as low income if the total income must be spread 
out over many family members. As an example, a house-
hold of four with an annual income of <$38,950 would 
be considered low income according to the King County 
HUD criteria.

Psychosocial stress was measured using two differ-
ent scales designed to measure the distinct constructs 
of perceived stress and stressful life events. The Cohen 
scale is a psychometrically validated 14-item instru-
ment that measures an individual’s perception of stress 
over the prior month and includes questions such as 
“How often have you felt you were unable to control the 
important things in your life?” and “How often have you 
been upset because of something that happened unex-
pectedly?”30 Responses were coded on a five-point Lik-
ert frequency scale (“never” to “very often”), and a sum-
mary score was calculated. 

In contrast, the Stressful Life Events scale, which was 
developed as part of the CDC’s Pregnancy Risk Assess-
ment and Monitoring System (PRAMS), is a 13-item sur-
vey which asks about the occurrence of specific types of 
events during the year prior to delivery. Example items 
include: “You or your partner lost your job,” “Someone 
close to you had a bad problem with drinking or drugs” 
and “You had lots of bills you couldn’t pay.”31 These items 
are designed to represent discrete, specific stressful events 
or situations. While the scale ascertains events that hap-
pened during pregnancy and thus may not be perfectly 
contemporaneous with the year prior to study enrollment 
(most women were enrolled ≥6 months after delivery), 
only one question is pregnancy specific (“Your partner 
told you they did not want you to be pregnant”).

Answers to the PRAMS Social Support question-
naire, a four-item scale, were also collected. Sample 
instrument statements included: “You had someone to 
drive you to the clinic or doctor’s office if you needed 
a ride” and “You had someone to loan you $50”; and 
women were asked to indicate whether they had such 
support during their last pregnancy.

Whole blood samples were collected from subjects 
at a subsequent study visit shortly after the initial inter-
view. Samples were centrifuged, and serum was then 
stored at -20º C until ready for high-sensitivity C-reac-
tive protein (hsCRP) analysis. Assays were conducted 
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by the University of Washington Medical Center Clin-
ical Immunology Laboratory using a latex-enhanced 
nephelometry commercial kit (Dade-Behring, Deerfield, 
IL). One-milliliter serum was mixed with latex particles 
coated with mouse monoclonal anti-CRP antibodies, and 
the concentration of antigen-antibody complexes was 
measured based on light scatter using a Behring nephe-
lometer. This method has been shown to be effective and 
comparable to other methods, including ELISA.32 The 
observed analytical coefficient of variation (CV) for this 
assay over the study period ranged from 3.1–7.4%, with 
higher variation typically observed only for the ultralow 
control values. For the purposes of quantitative analy-
sis, samples which tested below the detection limit (<0.2 

mg/L) of the hsCRP assay were assigned a value equal 
to half the lower limit of detection.

Vaginal swabs were collected at enrollment (or soon 
thereafter if a subject was menstruating), and BV status 
was ascertained by Gram stain based on Nugent crite-
ria: a score of 0–3 was considered normal flora, 4–6 was 
intermediate and 7–10 corresponded to BV.33 Subjects 
were also tested for common sexually transmitted infec-
tions (STIs), including Trichomonas vaginalis by culture 
(In-Pouch TV),34 and Chlamydia trachomatis and Neis-
seria gonorrhoeae by nucleic acid amplification (Ampli-
cor PCR).35 Treatment was offered as appropriate.

Table 1. Characteristics of the study population, stratified by racial identity

 
White American
N=120

African American
N=99 P

Demographic
Age 32.6 ± 6.8 29.7 ± 7.5 0.004
Marital Status

Single/no partner
Partnered/married
Separated/divorced

Other

19 (16)
96 (80)
2 (2)
3 (3)

31 (32)
56 (57)
4 (4)
7 (7) 0.004

Gravidity 2.8 ± 1.9 3.7 ± 2.3 0.002
Occupation

Homemaker
Employed
Student
Unemployed

37 (31)
64 (53)
7 (6)
12 (10)

14 (14)
47 (48)
8 (8)
30 (30) <0.001

Household income 
Median $ 70,000 18,050 <0.001

Low income* 43 (36) 81 (82) <0.001
Household size 3.4 ± 1.0 3.8 ± 1.8 0.058

Behavioral
Ever douched 49 (41) 78 (79) <0.001
Current smoker 31 (26) 35 (36) 0.134
Ever used cocaine 39 (33) 19 (19) 0.029

Infections
Chlamydia 0 (0) 5 (5) 0.018
Gonorrhea 0 (0) 2 (2) 0.203
Trichomoniasis 0 (0) 10 (10) 0.002
Bacterial vaginosis 19 (16) 45 (46) <0.001

Psychosocial
Stressful life events 2.9 ± 2.9 4.6 ± 2.7 <0.001
Social support 3.6 ± 0.9 3.4 ± 1.0 0.064
High social support 99 (83) 62 (63) 0.001
Perceived stress 22.2 ± 6.9 24.7 ± 7.3 0.011
Data are presented as n (%) for categorical variables and mean ± SD for continuous variables unless otherwise specified; * Household 
income of <50% of the 2005 King County median for household size.
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Figure 1. Log CRP and number of stressful life events by racial identity and income groups (reference 
line, CRP=10 mg/L)
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Statistical Analysis
Differences in baseline characteristics by racial 

group were explored using the Chi-square or Fischer’s 
exact test for categorical variables and Student’s t test 
or Mann-Whitney U test for continuous variables. CRP 
values were log transformed to reduce skewness and 
improve modeling behavior. 

Multivariate linear regression was used to assess 
associations among race, SES, stress and CRP levels. 
We approached the analysis by conceptualizing poten-
tial predictors into two distinct levels based on their 
hypothesized role in the pathway leading to elevated 
CRP: distal factors (race and income) and proximal fac-
tors (psychosocial stress constructs, behaviors, genital 
tract infections) thought to be potential mediators. Two 
separate but closely related multivariate models were 
constructed to test these hypotheses. Model 1 included 
African-American race, low-income status, and the 
interaction between race and income, representing the 
aggregate effect of race and SES on CRP levels. Model 
2 additionally adjusted for a set of proximal variables 
that were known or plausibly hypothesized to be associ-
ated with CRP and therefore were potential mediators of 
any observed race and SES effects.

All analyses were conducted using SPSS® 10 (SPSS 
Inc., Chicago, IL) and Stata® 9.2 (StataCorp., College 
Station, TX). 

RESULTS
A total of 219 women had complete data on income, 

psychosocial stress and CRP. Overall, African-Ameri-
can women were slightly younger and more likely to be 
single, unemployed, current smokers, and to have a low 
income; they were also more likely to have a history of 
douching and to be diagnosed with an STI at enrollment. 
African-American women reported consistently higher 
perceived stress scores and a higher number of stress-
ful life events as well as lower social support scores than 

white American women. Relevant sociodemographic, 
behavioral and psychosocial characteristics of the study 
population, stratified by racial identity, are presented in 
Table 1. 

Figure 1 presents median levels of CRP and median 
number of stressful life events experienced, by racial 
identity and income group. White American, nonlow-
income women had the lowest median CRP, while white 
American, low-income women were observed to have 
the highest median CRP. African-American women had 
intermediate median CRP levels, which did not dif-
fer significantly by income status. The vast majority of 
women in all racial and income groups had CRP levels 
of <10 mg/L, the reference value typically indicative of 
active clinical inflammation.

Low-income African-American women experienced 
the highest number of stressful life events on average, 
followed by low-income white American women, non-
low-income African-American women and nonlow-
income white American women, who reported the few-
est number of stressful life events. 

In the multivariate analysis (Table 2, model 1), iden-
tifying as African American and having a low income 
were both independently associated with significant 
increases in CRP levels (ß=0.37, p=0.027 and ß=0.41, 
p=0.001, respectively). The interaction between Afri-
can-American race and low-income status was also sig-
nificantly predictive of CRP (ß=-0.47, p=0.022), indi-
cating that the effect of having a low income differed 
by racial identity. Specifically, while there was a strong 
income effect among white American women, no such 
effect was observed among African-American women. 

After adjustment for psychosocial, behavioral and 
infection-related variables, race and income associations 
with CRP were reduced in magnitude and no longer sta-
tistically significant (Table 2, model 2). The single stron-
gest proximal predictor of CRP was number of stress-
ful life events experienced (ß=0.07, p<0.001), although 

Table 2. Multivariate associations with log CRP

Model 1 Model 2

 ß (95% CI) P ß (95% CI) P

African American 0.37 (0.04–0.70) 0.027 0.27 (-0.05–0.59) 0.10
Low income 0.41 (0.17–0.65) 0.001 0.13 (-0.15–0.40) 0.36
African American,* low income -0.47 (-0.88–-0.08) 0.022 -0.26 (-0.66–0.15) 0.22
Stressful life events 0.07 (0.03–0.10) 0.001
Perceived stress -0.01 (-0.02–0.00) 0.07
Social support 0.05 (-0.04–0.15) 0.27
Cigarette smoking 0.20 (-0.02–0.42) 0.07
Bacterial vaginosis -0.02 (-0.23–0.19) 0.87
Current STI1 -0.30 (-0.64–0.04) 0.09
Model 1: includes race, income and race*income interaction. R2=0.07; Model 2: Model 1 variables plus potential mediating variables. 
R2=0.15; 1: Sexually transmitted infection: T. vaginalis, C. trachomatis or N. gonorrhoeae.
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there was also a marginal association between current 
smoking and CRP (ß=0.20, p=0.07). Other psychosocial 
variables, including perceived stress and social support, 
were not independently associated with CRP, nor were 
any genital tract infections.

DISCUSSION
African-American women consistently reported a 

higher number of stressful life events, lower social sup-
port and higher perceived stress than their white American 
counterparts. Interestingly, the largest racial differences 
were observed in stressful life events, with smaller dis-
parities in social support and perceived stress. This find-
ing might suggest that some African-American women 
are habituated to higher levels of chronic stress, perceiv-
ing such stressors as a routine part of life. Racial identity 
is increasingly understood in biomedical research as a 
social construct, indicative of shared socioeconomic and 
cultural features as opposed to intrinsic biologic similar-
ity.36,37 It seems plausible that these shared socioeconomic 
and cultural features also extend to a shared psychoso-
cial environment, one which negatively contributes to 
chronic inflammation and associated adverse health out-
comes among African-American women. 

Women living in households with low incomes also 
reported a higher number of stressful life events than 
those in nonlow-income households. This may reflect 
the measurement instrument sensitivity to stressful 
life events that are financial in nature (“You couldn’t 
pay all of the bills”), although it is likely that having a 
low income puts women at higher risk of other types of 
stressors related to housing, relationships and employ-
ment as well.

African-American women also had higher serum 
CRP levels on average than white American women. We 
observed evidence of an interaction between race and 
income; specifically, income did not appear to be protec-
tive among African-American women. In fact, nonlow- 
income African-American women had slightly higher 
median CRP levels than low-income African-Ameri-
can women, the opposite trend as was observed among 
white American women.

The strongest proximal predictor of CRP levels was 
the number of stressful life events experienced; and 
no significant effects of race, income or their interac-
tion remained after adjustment for psychosocial, infec-
tion and behavioral variables. Although it is impossible 
to infer causal relationships due to the cross-sectional 
nature of the study design, our results are consistent 
with the hypothesis that stressful life events and behav-
iors such as smoking are important mediators of the 
observed effects of race and income on CRP levels. 
Research indicates that being a racial minority and hav-
ing a low income may predispose women to exposure to 
more chronic stressors or contexts in which smoking is 
viewed as an acceptable behavior. Environmental expo-

sures to stress and smoking can be viewed as proximal 
contextual risk factors that in turn may lead to systemic 
subclinical inflammation.

Interestingly, genital tract infections were not associ-
ated with inflammation in this population, although the 
small number of women with such infections limits our 
ability to draw strong conclusions. Larger studies will be 
needed to more comprehensively investigate how infec-
tions may be involved in the inflammatory pathway and 
whether they may partially mediate the observed rela-
tionship between stress and inflammation.

Several prior studies have reported an association 
between maternal stress during pregnancy and increased 
levels of proinflammatory cytokines and/or CRP,12,13 but 
to our knowledge this is the first to separately assess the 
impact of stressful life events and perceived stress on 
inflammation among parous women (albeit in a non-
pregnant cohort). 

An important limitation of this study was the strong 
correlation between identifying as African American 
and having a low income in this population, which lim-
ited our ability to discern the independent effects of 
these factors. We also lacked information on BMI, a 
known predictor of systemic inflammation. However, 
like smoking, BMI is a lifestyle factor that is more likely 
to be a mediator of the effects of race, SES and stress, 
as opposed to a true confounder. A recent review noted 
that studies which fully adjust for potentially mediating 
behavioral and lifestyle factors may actually underesti-
mate the true effects of race and SES.27

It is important to note that the majority of women in 
this study had CRP levels below the threshold typically 
indicative of clinical inflammation (10 mg/L), and there 
is not yet a well-established threshold for CRP with 
respect to risk of PTB. Future studies will be needed 
both to establish cutoff values predictive of clinical risk 
and to investigate whether interventions aimed at reduc-
ing chronic stressors during pregnancy can successfully 
reduce CRP levels and rates of PTB. 

Insofar as PTB and other pregnancy complications 
may be related to an inflammatory pathway, it is critical 
to continue exploring both the distal and proximal causes 
of such inflammation among women of childbearing 
age. Prospective studies will allow direct testing of the 
extent to which psychosocial, behavioral and infectious 
factors may mediate persistent racial and socioeconomic 
disparities in adverse reproductive outcomes. 
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