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Inflammation is a necessary response to bodily insult and injury, but 
excessive and chronic inflammatory processes play a role in many 
diseases. For example, the inflammatory markers interleukin-6 (IL-6) 
and C reactive protein (CRP) are elevated in people with metabolic 
diseases, depression, low socioeconomic status, poor self-rated health 
(SRH), and in those who identify as Black. We evaluated the association 
between IL-6 and CRP with SRH among 2,118 participants in two 
cohorts (2004-2009 and 2012-2016) from the Biomarker Project in the 
Midlife in the US (MIDUS) study, a longitudinal study of participants 
ages 25-84. SRH was assessed in three ways in a phone interview 5 
months to 5 years prior to inflammation measures: self-rated physical 
health, self-rated mental health, and health compared to others of the 
same age and gender. No significant difference in CRP levels was 
detected between cohorts. IL-6 was significantly higher in cohort 1. In 
bivariate analyses, a worse rating for all three SRH measures was 
associated with increased log-transformed IL-6 (Mean (SD) for SRH-
physical excellent vs. fair/poor: 0.45 (0.78) vs. 1.10 (0.80)) and CRP (-
0.12 (1.09) vs. 0.83 (1.24)). After controlling for cohort and several 
biological and social covariates in the model, self-rated mental health 
was not significantly associated with IL-6 or CRP. The relationship 
remained significant for the two other SRH measures, such that worse 
ratings were associated with increased inflammation. Significant 
covariates were educational attainment, race and ethnicity, number of 
chronic conditions, and BMI. This study identified several social and 
biological variables that may mediate the relationship between self-
rated health and inflammatory markers. Future work can further 
investigate the mechanistic relationship and identify areas in which 
interventions may reduce inflammation.

v Inflammation is a necessary response to bodily 
insult and injury, but inappropriate and chronic 
inflammatory responses contribute to many 
diseases.

v The inflammatory markers IL-6 and CRP are 
elevated in people with metabolic diseases, 
depression, low socioeconomic status, poor 
self-rated health, and who identify as Black.

v Immune and nonimmune cells secrete IL-6 
during inflammatory responses to mediate B-
cell differentiation, acute phase responses, and 
chronic inflammatory states.

v CRP is an acute phase protein produced by the 
liver and is a commonly-used diagnostic tool to 
evaluate inflammatory-mediated diseases.

Participants and data collection
v The MIDUS study recruited two cohorts (C1 and 

C2) of participants ages 25-84 by random digit 
dialing and family referral (C1 2004-2006, 
n=4963; C2 2012-2014, n=3577). Additional 
participants (C1 2005-2006 n=592, C2 2012-
2013 n=508) from Milwaukee, WI were 
recruited to include more Black participants.

v Participants completed a phone interview and 
self-administered questionnaire, including three 
measures of self-rated health.

v A subset of participants (C1 2004-2009, 
n=1255; C2 2012-2016 n=863) completed the 
Biomarker Project 5 months to 5 years after the 
phone interview and questionnaire. An 
additional survey was completed, blood 
samples collected, and height and weight 
measured.

v Serum IL-6 and serum CRP were measured at 
the University of Wisconsin, Madison and the 
University of Vermont, Burlington, respectively.

Outcomes
v IL-6 (pg/mL) and CRP (μg/mL). Measures were 

log-transformed for all analyses.

Predictors
v Primary: Self-rated health (SRH) assessed by 3 

questions in the phone interview
§ Would you say your physical health is 

excellent, very good, good, fair, or poor?
§ Would you say your mental or emotional 

health is excellent, very good, good, fair, or 
poor?

§ Compared to most (men/women) your age, 
would you say your health is much better, 
somewhat better, about the same, 
somewhat worse, or much worse?

§ Answers ‘fair’ or ‘poor’ and ‘somewhat 
worse’ or ‘much worse’ were combined into 
single categories ‘fair/poor’ and ‘worse’ due 
to low number of such responses.

v Covariates: age, gender, race and ethnicity, 
educational attainment, health insurance 
coverage, smoking status, body mass index 
(BMI), number of symptoms and chronic 
conditions, lifetime discrimination, Center for 
Epidemiological Studies Depression Scale (CES-
D), cohort

Analysis
v Descriptive statistics by cohort of 

demographics, outcomes, primary predictors, 
and covariates. Chi square and t-tests used to 
describe differences between cohorts.

v Bivariate analyses of primary predictors and 
covariates by each outcome (IL-6 and CRP, log-
transformed).

v Generalized linear models with all covariates by 
each SRH measure
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v Compare levels of IL-6 and CRP between 
cohorts.

v Evaluate the association between IL-6 and CRP 
with 3 measures of self-rated health (SRH).

v IL-6 was significantly higher in cohort 
1. There was no difference in CRP 
between cohorts (Table 1).

v C2 participants reported SRH 
significantly lower than C1 (Figure 1).

v In multivariable models, SRH-physical 
and SRH-comparison were 
significantly associated with IL-6 and 
CRP but SRH-mental was not.

v Significant covariates in all models 
were educational attainment, race 
and ethnicity, BMI, and number of 
chronic conditions. Cohort was not a 
significant predictor in any of the 
models.
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v This study identified several social and biological variables that may mediate the relationship between self-rated health and inflammatory markers.
v Future work can further investigate the mechanistic relationship and identify areas in which interventions may reduce inflammation.
v SRH is strong enough to predict chronic inflammation despite the lag between SRH and blood collection (5 months-5 years), and elevation of inflammatory markers persists.
v The majority of Black participants were from Milwaukee. Differences in inflammation by race may be due to other unidentified factors.
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Figure 2. Log IL-6 by SRH measures
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Figure 3. Log CRP by SRH measures
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Table 1. Participant demographics  and characteristics

Characteristic

Cohort 1
(N=1255)

N (%) or mean (SD)

Cohort 2
(N=863)

N (%) or mean (SD)
Age*

25-44 290 (23.1%) 306 (35.5%)
45-64 700 (55.8%) 401 (46.5%)
64-84 266 (21.1%) 156 (18.1%)

Female* 713 (56.8%) 450 (52.1%)
Race/ethnicity*

Black 174 (13.9%) 125 (14.5%)
White 928 (73.9%) 570 (65.1%)
Multiracial/other 153 (12.2%) 168 (19.5%)

Education*⁺
HS grad/GED or less 350 (28.0%) 149 (17.3%)
Some college or associates degree 375 (30.0%) 263 (30.5%)
Bachelor's degree or more 527 (42.1%) 450 (52.2%)

Covered by health insurance⁺ 1147 (92.0%) 780 (90.8%)
Months between sample collection and

Phone interview* 27.8 (14.0) 22.3 (9.1)
Self-administered questionnaire* 25.3 (14.2) 21.1 (9.0)

IL-6 (pg/mL)*⁺ 3.04 (3.0) 2.78 (2.4)
Log IL-6*⁺ 0.81 (0.8) 0.72 (0.8)
CRP (μg/mL)⁺ 3.02 (4.8) 2.96 (5.2)
Log CRP⁺ 0.41 (1.2) 0.34 (1.2)
Current cigarette smoker*⁺ 187 (14.9%) 94 (11.3%)
BMI*⁺^

Normal weight (18.5-24.9) 292 (23.4%) 209 (24.4%)
Overweight (25-29.9) 440 (35.3%) 259 (30.2%)
Obese (30.0+) 516 (41.4%) 390 (45.5%)

Number of symptoms/chronic conditions 4.10 (3.0) 4.29 (3.4)
Lifetime discrimination score⁺ 1.22 (1.9) 1.20 (1.8)
CES-D⁺° 8.73 (8.2) 9.26 (7.9)
*Significant difference between cohorts
⁺Total numbers lower due to missing data
^Underweight (BMI<18.5) excluded due to low number
°Center for Epidemiologic Studies Depression Scale, range 0-60, ≥16 suggests significant depressive symptoms

C1: cohort 1 (2004-2009); C2: cohort 2 (2012-2016)
SRH-Physical: self-rated physical health; SRH-Mental: self-rated mental health
SRH-Comparison: self-rated health compared to others in same age-gender group
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Figure 1. 3 Measures of self-rated health by cohort
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Table 3. Multivariate models of SRH measures with IL-6 and CRP
SRH-Physical SRH-mental SRH-Comparison

IL-6* CRP IL-6 CRP IL-6 CRP
Characteristic B B B B B B
Self-rated health measure⁺ -0.12 -0.23 -0.02 -0.04

Much better - - - - -0.28 -0.44
Somewhat better - - - - -0.22 -0.33
Worse - - - - 0.05 0.02

Older age (45+) -0.21 <.01 -0.20 0.02 -0.24 -0.04
Men -0.02 -0.34 -0.01 -0.32 0.00 -0.31
Race/ethnicity

Black -0.25 -0.22 -0.29 -0.30 -0.28 -0.29
Multiracial/other -0.02 0.02 -0.05 -0.03 -0.05 -0.03

Less than college education 0.06 0.17 0.07 0.20 0.06 0.18
No health insurance coverage -0.14 -0.12 -0.17 -0.19 -0.17 -0.18
Current cigarette smoker 0.04 -0.09 0.07 -0.04 0.05 -0.05
BMI (overweight or obese) -0.09 -0.17 -0.09 -0.17 -0.09 -0.17
Number of symptoms/chronic 
conditions 0.04 0.03 0.06 0.05 0.05 0.04
Lifetime discrimination score 0.02 0.06 0.03 0.07 0.02 0.06
CES-D <.01 <.01 <.01 <.01 <.01 <.01
Cohort 2 0.02 0.01 0.02 0.02 0.02 0.01
*Log values of IL-6 and CRP were used
⁺Comparison groups for SRH-physical and SRH-mental is 'excellent', SRH-comparison is 'about the same'
Significant relationships are bolded

Table 2. Mean (SD) log IL-6 and log CRP by 
participant characteristics

Characteristic Log IL-6 Log CRP
Age

25-44 0.55 (0.8)* 0.34 (1.3)
45-64 0.78 (0.7) 0.40 (1.2)
64-84 1.06 (0.7) 0.38 (1.1)

Gender
Female 0.80 (0.8) 0.56 (1.2)*
Male 0.74 (0.8) 0.16 (1.1)

Race/ethnicity
Black 1.10 (0.8)* 0.84 (1.2)*
White 0.67 (0.8) 0.28 (1.2)
Multiracial/other 0.81 (0.8) 0.47 (1.2)

Education
HS grad/GED or less 0.97 (0.8)* 0.69 (1.2)*
Some college or associates degree 0.82 (0.8) 0.49 (1.2)
Bachelor's degree or more 0.64 (0.8) 0.15 (1.2)

Covered by health insurance
Yes 0.75 (0.8)* 0.35 (1.1)*
No 0.97 (0.7) 0.71 (1.2)

Current cigarette smoker
Yes 0.95 (0.8)* 0.57 (1.2)*
No 0.75 (0.8) 0.35 (1.2)

BMI
Normal weight (18.5-24.9) 0.38 (0.8)* -0.32 (1.1)*
Overweight (25-29.9) 0.71 (0.7) 0.22 (1.1)
Obese (30.0+) 1.04 (0.7) 0.91 (1.1)

Number of symptoms/chronic 
conditions⁺ 0.30* 0.16*
Lifetime discrimination score⁺ 0.12* 0.15*
CES-D^ 0.12* 0.11*
*A significant difference exists between at least two of the categories
⁺Spearman correlation coefficient is reported
^Pearson correlation coefficent is reported


