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Abstract
Background—Type 2 diabetes is associated with low-grade systemic inflammation, increasing
the risk for various adverse health outcomes.

Purpose—Our objective was to investigate the association between C-reactive protein (CRP), a
marker for systemic inflammation, and lifestyle factors in a national sample of people with type 2
diabetes.

Methods—This study analyzed data from 1086 men and women with diabetes, who completed
the 1999-2004 NHANES. Lifestyle factors included diet quality, body mass index (BMI),
smoking, and physical activity.

Results—Stratified logistic regression showed that for both men and women, BMI was a strong
predictor of elevated CRP after adjusting for age, energy intake, race/ethnicity, medications,
diabetes duration, and glycosylated hemoglobin. However, among men, but not among women,
the likelihood of elevated CRP increased with lower diet quality and physical inactivity.

Conclusions—Among people with type 2 diabetes, higher levels of CRP were associated with
lower diet quality and physical inactivity among men, and with obesity among both men and
women.
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Introduction
Type 2 diabetes is among the most common chronic diseases in the United States, affecting
about 8% of the population [1]. People with type 2 diabetes are at increased risk for many
diseases and conditions; for example, they are up to 4 times more likely to develop
cardiovascular disease than people without diabetes [2]. Diabetes is associated with low-
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grade systemic inflammation [3], which is suggested to play a role in pathogenesis of
cardiovascular disease, and thus may be responsible for the increased cardiovascular risk
among diabetics [4].

A healthy lifestyle may reduce systemic inflammation, and thus decrease the risk of
cardiovascular disease among the general population [5]. In particular, elevated C-reactive
protein (CRP), a marker for systemic inflammation, has been associated with lifestyle risk
factors for cardiovascular disease, such as obesity [6], physical inactivity [7], cigarette
smoking [8], and high intake of saturated fat [9] and low intake of fruit and vegetables [10],
and whole grains [11]. However, little is known about the association between CRP and
modifiable lifestyle factors among people with diabetes who already have increased CRP
levels [12]. In women with type 2 diabetes, the Women's Health Study demonstrated that
consumption of whole grains and a low glycemic diet was associated with lower levels of
CRP [13]. Nonetheless, the overall impact of diet, particularly diet quality, has not yet been
tested in people with diabetes. In addition, the evidence for an association between physical
activity and CRP in type 2 diabetes has been mainly restricted to a few experimental studies
that yielded inconsistent results [14, 15]. Since women with diabetes have higher CRP levels
[16] and exhibit a higher risk of cardiovascular disease than men with diabetes [17], lifestyle
factors also might differentially vary between the sexes in their associations with CRP.
However, the association between lifestyle factors and CRP among people with diabetes has
not been examined separately by gender. This study evaluated the associations of diet
quality and other lifestyle factors with CRP separately in men and in women with type 2
diabetes, using data from the 1999-2004 National Health and Nutrition Examination Survey
(NHANES).

Methods
Participants

NHANES collects cross-sectional data from a nationally representative sample of the non-
institutionalized civilian U.S. population [18]. The survey included household interviews
and physical examinations, including phlebotomy, conducted in mobile examination centers.
Respondents were determined to have diabetes if they gave a positive response to the
question, “Other than during pregnancy, have you ever been told by a doctor or health
professional that you have diabetes or sugar diabetes?” Respondents younger than 30 years
of age and those with the first diagnosis of diabetes or insulin therapy before age 30 were
excluded, in order to minimize the likelihood of including people with type 1 diabetes.

C-reactive protein
In NHANES, standard phlebotomy techniques were used to obtain serum specimens. The
samples were frozen to -20 C before laboratory analysis. CRP was analyzed with a highly
sensitive assay technique, using latex-enhanced nephelometry. Details about the laboratory
procedures are reported elsewhere [19]. Elevated CRP was defined using the cut-off value of
CRP > 3.0 mg/L, defined by the American Heart Association and the Centers for Disease
Control and Prevention as a group at high risk for cardiovascular disease [20].

Diet quality: Healthy Eating Index-2005
Dietary data were collected via a 24-hour recall method. The interview was conducted by a
trained dietary interviewer in the mobile examination center, using a computer-assisted
dietary interview in NHANES 1999-2001 and a fully computerized recall method beginning
with NHANES 2002. From the 24-hour recall data, NHANES estimated intakes of energy
and nutrients using U.S. Department of Agriculture food composition data [21].
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Diet quality was measured with the Healthy Eating Index-2005 (HEI-2005) [22], which was
developed by the National Cancer Institute and the U.S. Department of Agriculture to
measure compliance with Dietary Guidelines for Americans, 2005 [23]. The HEI-2005 score
is the sum of scores for 12 components including: total fruit, whole fruit, total vegetables,
dark green and orange vegetables and legumes, total grains, whole grains, milk, meat and
beans, oils, saturated fat, sodium, and calories from solid fats, alcoholic beverages, and
added sugars (SoFAAS). The score for each of the 12 components ranges from 0 to 5 for
total fruit, whole fruit, total vegetables, dark green and orange vegetables and legumes, total
grains, whole grains, from 0 to 10 for milk, meat and beans, oils, saturated fat, sodium, and
from 0 to 20 for the calories from SoFAAS. The total possible score ranges from 0 to 100,
with higher scores indicating greater compliance with the guidelines, and a score above 80
indicating a “good” diet, as defined for the original HEI [24]. The score for each component
and the total HEI-2005 were calculated from the 24-hour dietary recall information, using
SAS code released by the U.S. Department of Agriculture [25].

Total HEI-2005 scores were categorized by quartile (Q), with Q1 indicating least compliant
(poorest-quality diet) and Q4 indicating most compliant with dietary guidelines (healthiest-
quality diet) in order to examine nonlinear effects. In addition, to compare the components
of the HEI-2005 between men and women and also between the poorest- and healthiest-
quality diets, the percentage of maximum possible score was calculated for each component
by taking the ratio of the participant's score to the maximum possible score, and multiplying
the value by 100.

Other lifestyle factors
Physical activity was measured by a standard leisure-time activity questionnaire. For
respondents who reported engaging in moderate/vigorous-intensity activity, metabolic
equivalent of task (MET) scores were assigned, based on the reported frequency, duration
and intensity of the activity [18]. A score of 0 was assigned if moderate/vigorous-intensity
activity was not reported. MET-hours per week spent in each activity were summed to get
the total leisure-time physical activity score for each respondent. Three categories of
physical activity were then defined, similar to a previous study [26], based on MET-hours/
week scores as: inactive (0), somewhat active (> 0 to ≥ 9) and active (≥ 9), according to the
recommended 150 minutes/week of moderate-intensity physical activity which equals about
9 MET-hours/week [27]. Body mass index (BMI), calculated from measured weight and
height, was categorized as underweight (< 18.5), normal range (18.5-24.9), pre-obese
(25.0-29.9), obese class I (30.0-34.9), obese class II (35.0-39.9), and obese class III, also
called very severe obesity, (≥ 40.0) [28]. In regression analyses, underweight and normal
range groups were combined because of the small numbers of underweight individuals. Self-
reported smoking status was categorized as current, past, and never smokers.

Covariates
Age and race/ethnicity were assessed by self-report. Poverty status was assessed by Poverty
Income Ratio (PIR), calculated by NHANES based on self-reported family income and
family size, using tables published yearly by the U.S. Census Bureau. Poverty status was
categorized as below (PIR < 1) or above (PIR ≥ 1) the poverty level. Use of prescription and
non-prescription medications in the past month was collected by self report and verified by
the interviewer's inspection of the medications containers. Specifically, regular use of
aspirin and other nonsteroidal anti-inflammatory drugs (NSAIDs) and lipid-lowering drugs
were included in the analysis because of their potential beneficial effects on CRP [29, 30].
Self-reported current use of estrogen replacement therapy was included for women.
Duration of diabetes was calculated by subtracting age at diagnosis of diabetes from current
age, and was categorized as: < 5, 5–10, and >10 years [31]. Reported energy intake (kcal)
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from the dietary information was used as a continuous variable. Glycosylated hemoglobin
(HbA1c), an indicator of metabolic control of diabetes that is associated with elevated CRP
in people with diabetes [32], was included as a covariate in the analysis; HbA1c was
measured in NHANES using a high performance liquid chromatography (HPLC) system.
Self-reported current treatment with insulin and/or oral hypoglycemic agents was identified
for descriptive purposes.

Statistical analysis
All statistical analyses were performed using SAS 9.2 proc survey procedures (SAS
Institute, Cary, NC). Data from NHANES cycles 1999-2000, 2001-2002 and 2003-2004
were combined and weighted using sampling weights to account for the complex sampling
design in NHANES. The domain option in SAS was used for sub-sample analysis.
Descriptive statistics were performed to compare men and women, using chi-square tests
and one-way analyses of variance (ANOVAs). In addition, one-way ANOVAs were
performed to compare the percentages of respondents with maximum possible scores on the
HEI-2005 components between men and women as well as between respondents with the
poorest- and healthiest-quality diets. Sex-specific logistic regression models were
constructed to estimate the odds ratio (OR) and 95% confidence intervals (95% CI) of
dietary and other potential lifestyle determinants of elevated CRP. In addition to the total
dietary score, we examined the impact of HEI-2005 components by including each
component, individually, in the logistic regression models.

We also developed a behavioral/lifestyle variable to examine the combined effect of BMI,
physical activity and diet on the risk of elevated CRP. Respondents were classified into three
behavioral/lifestyle groups: the poorest behavior (BMI ≥ 30, Q1 diet quality, and being
inactive); a relatively healthy behavior (BMI < 30, Q2-Q4 diet quality, and being either
active or somewhat active); and any other combination of BMI, physical activity and diet.
All logistic regression models controlled for age, race/ethnicity, poverty status, medications
(NSAIDs and lipid lowering), energy intake, duration of diabetes, use of estrogen
replacement therapy (for women), and HbA1c. For categorical covariates, a missing-data
category was created, as needed, to include as many respondents in the analysis as possible.

Because the results of logistic regression could be affected by the cut-off value for CRP
(CRP > 3.0 mg/L indicating high cardiovascular disease risk [20]), separate multiple linear
regression models for men and for women also were fitted with log CRP as the dependent
variable, including the same independent variables as used in the logistic regression model.
The direction of the associations observed in the linear and logistic regression models were
compared to assess if any differences observed in the separate logistic regression models for
men and women could be attributed to the CRP cut-off point.

Results
A total of 1576 participants reported having diabetes. Of these, 490 were excluded because
of missing CRP (n = 233) or lifestyle variable (n = 119) data or because of other exclusion
criteria (< 30 years of age [n = 54] or first diagnosis of diabetes or insulin therapy before age
30 [n = 84]). A higher proportion of NHANES respondents who were excluded were women
compared with respondents who were included in the analysis (57% vs. 49%, p < 0.05).
Among 1,086 adults that were included in this analysis, 533 were women (462 reported
being postmenopausal; 85 were < 50 years of age), and 553 were men (79 were < 50 years)
(Table 1). The median (interquartile range [IQR]) CRP was 4.5 (2.2-9.1) mg/L among
women and 2.7 (1.1-5.4) mg/L among men. Two women and 3 men had CRP >10.0 mg/L,
and since removal of these outliers did not affect the results, they were included in the
analysis. A greater proportion of women (64%) than men (44%) had elevated CRP levels.

Jarvandi et al. Page 4

Ann Behav Med. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fifty-five percent of women and 41% of men were obese (BMI ≥ 30), and the majority of
both men (51%) and women (62%) were physically inactive. Compared to men, women
were significantly older (61.9 vs. 58.4 years) and less likely to be non-Hispanic White, to
smoke, be above poverty level; women also had a higher mean HEI-2005 score and a lower
mean daily energy intake compared to men (each p < 0.05). Hypoglycemic treatment
included insulin alone (13%), oral agents alone (62%), both insulin and oral agents (9%),
and no medication (16%), with a higher proportion of no medication reported by participants
with BMI < 30 compared with participants with BMI ≥ 30 (19% vs. 12%, p < 0.05).

A “good” diet (i.e., total HEI-2005 score greater than 80) was found in 7% of women and
6% of men. Women had higher percentage scores for fruit (mean difference = 10.00, 95%
CI: 4.12, 15.87), whole fruit (mean difference = 9.41, 95% CI: 1.76, 17.07) and a lower
percentage score for meat and beans (mean difference = -6.59, 95% CI: -10.84, -2.34) than
men. However, the differences between men and women varied by diet quality, i.e., Q1 and
Q4 of HEI-2005 (Figure 1). With a poor diet, women had a higher percentage score on oils
and a lower score on meat and beans, whereas there were no significant differences in the
component scores between men and women with a healthier diet. Furthermore, with a poor
diet, 11% of men and women met the dietary goal of < 7% of calories from saturated fat
according to the American Diabetes Association guidelines [32], whereas with a healthier
diet, 35% of men and 25% of women met the goal.

Both univariate and multivariate logistic regression analyses showed that obesity (class I, II
and III) was strongly associated with elevated CRP in both women and men (Table 2). In
addition, the poorest- versus healthiest-quality diet (HEI-2005 scores Q1 versus Q4 as
reference) and being physically inactive versus active (as reference) were independently
associated with greater likelihood of elevated CRP among men, but not women. Moreover,
in both men and women, smoking status was not associated with elevated CRP in either
univariate or multivariate models. Of the covariates included in the multivariate analyses,
use of lipid-lowering medications was associated with lower CRP levels only among men.
In addition, increased risk of elevated CRP was associated with higher HbA1C in both
women (OR: 1.19, 95% CI: 1.05, 1.35, p < 0.01) and men (OR: 1.15, 95% CI: 1.02, 1.30, p
< 0.05), but was associated with older age (OR: 1.03, 95% CI: 1.00, 1.06, p < 0.05), poverty
(below vs. above poverty level OR: 1.94, 95% CI: 1.17, 3.22, p < 0.001), and shorter
duration of diabetes (< 5 years vs. > 10 years as reference OR: 2.85, 95% CI: 1.38, 5.90, p <
0.01) only among men. In addition, use of estrogen replacement therapy in women was
associated with elevated CRP (OR: 2.57, 95% CI: 1.04, 6.34, p < 0.05).

The effect of each HEI-2005 component was also examined in the multivariate models.
Among women, higher scores on whole fruit (OR: 0.87, 95% CI: 0.76, 0.99, p < 0.05) and
sodium (OR: 0.92, 95% CI: 0.85, 0.99, p < 0.05) were associated with lower CRP levels,
while a higher score on oils (OR: 1.12, 95% CI: 1.04, 1.21, p < 0.01) was associated with
higher CRP levels. Among men, better scores on total grains (OR: 0.59, 95% CI: 0.48, 0.74,
p < 0.0001), oils (OR: 0.93, 95% CI: 0.86, 1.00, p < 0.05) and SoFAAS (OR: 0.95, 95% CI:
0.92, 0.98, p < 0.001) were associated with lower CRP levels.

In addition, analysis of the combination of lifestyle factors showed that respondents who had
the poorest behaviors (i.e., the combination of BMI ≥ 30, Q1 diet quality, and being
inactive) had an increased likelihood of elevated CRP with an odds ratio of 13.65 (95% CI:
4.17, 44.64) in men and 3.97 (95% CI: 1.20, 13.14) in women, compared with respondents
with relatively healthy lifestyle factors (i.e., the combination of BMI < 30, Q2-Q4 diet
quality, and being either active or somewhat active).
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To assess whether using the same cut-off point for men and women influenced the
associations in logistic regression, we used multiple linear regression models, which
replicated the finding that higher CRP levels were associated with the poorest diet among
men but not women. However, the association between higher CRP levels and inactivity was
borderline significant both among men and among women (Table 3).

Discussion
To our knowledge, this is the first study to use NHANES data to examine the association
between systemic inflammation, measured by serum CRP, and lifestyle factors among men
and women with type 2 diabetes. This study showed that the poorest diet quality (Q1) and
physical inactivity were associated with elevated CRP levels among men, but not among
women. The results remained significant when controlling for demographic and other
potential risk factors. In addition, obesity was the only common lifestyle factor associated
with elevated CRP levels among both men and women.

Previous research has shown an association between higher levels of CRP and development
of type 2 diabetes [33]. Inflammatory markers also have been associated with lifestyle
factors among people without diabetes [7, 34]. The present study provides evidence that
among people with diabetes, the likelihood of elevated CRP increased with physical
inactivity and the poorest diet quality among men and with obesity among both men and
women. This underscores the importance of lifestyle modifications to reduce inflammation
not only in primary prevention of diabetes but also potentially in secondary prevention of
diabetes complications.

The proportion of people with a ‘good’ diet quality was similar in men (6%) and women
(7%). However, there was no significant association between total diet quality score and
CRP levels among women, as reported previously in overweight and obese postmenopausal
women [35]. Nevertheless, higher HEI-2005 whole fruit and sodium component scores were
associated with lower CRP levels among women. In addition, women reported higher
average consumption of fruit than men, similar to results of a population study of adults in
16 US states [36] and to a clinical study of people with type 2 diabetes in Canada [37]. One
possible reason for the absence of an association between the total score of HEI-2005 with
CRP among women may be related to the finding that a higher score for the oils component
was associated with higher CRP levels among women, as opposed to lower levels among
men. The contradictory findings for the oils component may point to a limitation of this
HEI-2005 component. The oils component, “non-hydrogenated vegetable oils, and oils in
fish, nuts and seeds”, does not capture extra intake of oils [38] and includes a variety of food
items, which precludes our ability to discern the sources of ingested oil. While oils rich in
long-chain n-3 fatty acids (e.g., from fish oil) have advantageous effect on CRP [39], oils
rich in n-6 fatty acids (e.g., from sunflower oil) may have pro-inflammatory effects [40].
These findings suggest that the impact of specific components of the HEI-2005, in addition
to the total dietary score, should be taken into account when anti-inflammatory properties of
diet are evaluated.

Another possible explanation for the discrepancy observed between men and women may be
related to sex differences in the pathogenesis of inflammation-induced cardiovascular
disease. Women have higher CRP than men at any given BMI [41]. In addition, women with
diabetes have twice the risk of developing cardiovascular disease compared with men with
diabetes [16]. Sex differences in cardiovascular disease risk may be related to the higher
truncal fat content in women with diabetes than in men with diabetes [42]. Excess body fat
may have confounded the effect of physical activity among women in our study and in other
studies that failed to find an association between physical activity and CRP among women

Jarvandi et al. Page 6

Ann Behav Med. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



[43-44]. Whether different types or intensities of interventions are needed to reduce CRP in
women than in men is not clear. Nevertheless, intensive lifestyle intervention for weight loss
resulted in a similar reduction in CRP in gender-specific analyses among people with
impaired glucose tolerance [45] and with type 2 diabetes [46]. It is also worth noting that
although many studies have found an association between smoking and CRP levels [8, 47],
other studies have shown no significant association between smoking intensity and CRP
levels [48]. Also, smoking cessation may result in a delayed (rather than temporally
convergent) decrease in CRP [49]. Accordingly, further research is needed to examine both
the range of environmental influences and also the apparent differences between men and
women with respect to the associations between inflammation and a variety of lifestyle
factors.

The mechanisms by which physical activity and a healthy diet may reduce CRP are not yet
clear. One possible mechanism is that physical activity and a healthy diet may reduce
inflammation by decreasing body weight and fatness [50]. However, the effect of physical
activity and diet on inflammation is at least partly independent of weight loss [51, 52].
Physical activity can result in production of anti-inflammatory cytokines such as
interleukin-6 (IL-6) from muscle [53]. Although, chronic elevation of IL-6 has pro-
inflammatory effects, transient increase in IL-6 during exercise triggers a cascade of anti-
inflammatory effects by increasing the production of anti-inflammatory cytokines IL-10 and
IL-1 receptor antagonist [54]. Thus, pro-inflammatory marker IL-6 may have paradoxical
anti-inflammatory effects during exercise. In addition, a healthy diet may decrease oxidative
stress and associated inflammation by improving hyperglycemia, insulin sensitivity and
antioxidant properties [55, 56].

This study has several limitations. First, the data are cross-sectional, and thus temporal
associations could not be determined. Although it is biologically plausible that diet and
physical activity behaviors and obesity preceded any elevations in CRP, we cannot dismiss
the possibility of an indirect effect between lifestyle factors and CRP through as-yet-
unknown mechanisms. Second, use of self-reported measures may lead to some
misclassification bias. Obese subjects, particularly women, underreport their energy intake
[57]. Since obesity is associated with higher levels of CRP, this underreporting could have
attenuated the association between CRP and diet. Third, women with diabetes have higher
CRP levels than men with diabetes [16], as was observed in this study. Thus, using a single
cut-off point for both genders possibly decreased specificity in women and sensitivity in
men and influenced the results. This possibility may be supported by the discrepancy in the
findings for physical activity between logistic regression and linear regression, in which
CRP was entered as a continuous instead of categorical variable. Fourth, the small sample
size in some categories limited the precision of estimates, as reflected by wide confidence
intervals. Fifth, our results may not apply to respondents younger than 30 years old, because
they were excluded in this study, and because the majority of women in this analysis was
postmenopausal, caution should be used in generalizing the results to premenopausal
women. Finally, it is possible that other confounders could have affected the associations we
observed. Potential confounders might include measures of co-morbidity, use of vitamin
supplements, and biomarkers known to be associated with CRP, such as for cholesterol and
triglycerides. Cholesterol and triglyceride measures were available for less than half of
NHANES respondents, thus we did not include these biomarkers in our analysis.
Nevertheless, important strengths of this study include the use of NHANES data with a large
sample of U.S. men and women with diabetes and the diversity of the sample in terms of
other demographic characteristics.

In conclusion, our results extend previous reports on the association between CRP and
lifestyle factors to people with type 2 diabetes. In both men and women, obesity was a
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strong predictor of elevated CRP. In addition, healthier diet quality and higher levels of
physical activity were associated with lower CRP levels among men but not among women.
Given that systemic inflammation in diabetes may be at least partly related to lifestyle
factors preventive strategies should address lifestyle modifications in these high-risk
individuals. Our results provide further evidence to support current diabetes education
programs’ emphases on weight management as well as improving diet quality and physical
activity.
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Figure 1.
Dietary score for each component of the Healthy Eating Index-2005 (HEI-2005) as a
percentage of the maximum possible score for that component, in poor diet (Q1: upper
panel) and healthier diet (Q4: lower panel). Error bars indicate standard error
SoFAAS: Calories from solid fats, alcoholic beverages, and added sugars.
*P < 0.01. ANOVA was used to test differences between men and women.
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Table 1

Baseline characteristics in individuals with diabetes (N = 1086), by gender

Women Men
p 

a

N (%) 533 (49) 553 (51) 0.22

Inflammation

CRP levels, mg/L < 0.01

        ≤ 3.0 191 (36) 308 (56)

        > 3.0 342 (64) 245 (44)

Participants’ characteristics

Age, years, mean (SE) 62 (0.63) 58 (0.69) < 0.01

Race / ethnicity 0.02

        Non-Hispanic Black 133(25) 121(22)

        Mexican American 166 (31) 161 (29)

        Non-Hispanic White 191(36) 235 (43)

        Other 43(8) 36 (6)

Poverty status < 0.01

        Below poverty level (PIR < 1) 137 (26) 91 (16)

        Above poverty level (PIR ≥ 1) 346 (65) 412 (75)

        missing 50 (9) 50 (9)

Diabetes duration, years 0.49

        < 5 121 (23) 134 (24)

        5-10 94 (18) 115 (21)

        > 10 124 (23) 118 (21)

        Missing 194 (36) 186 (34)

Medications

    NSAIDs (Yes vs. No) 171 (32) 186 (34) 0.51

    Lipid lowering (Yes vs. No) 148 (28) 176 (32) 0.63

Glycemic control

    HbA1c, mean (SE) 7.40 (0.13) 7.48 (0.12) 0.62

Estrogen replacement therapy

    Current use (Yes vs. No) 61 (11) .

Lifestyle factors .

HEI-2005 score (0-100), mean (SE) 59.87 (0.93) 56.91 (0.83) 0.03

Energy/day (kcal), mean (SE) 1585 (34) 2162 (65) <.0001

Smoking status <.0001

        Current 77 (14) 107 (19)

        Past 131 (25) 255 (46)

        Never 325 (61) 191 (35)

BMI, kg/m2 0.10

        Obesity class III (≥ 40.0) 70 (13) 34 (6)

        Obesity class II (35.0-39.9) 95 (18) 63 (11)

        Obesity class I (30.0-34.9) 128 (24) 130 (24)
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Women Men
p 

a

        Pre-obese (25.0-29.9) 166 (31) 224 (41)

        Normal range (18.5-24.9) 73 (14) 100 (18)

        Underweight (< 18.5) 1 (0.2) 2 (0.4)

MET-hours/week of leisure-time physical activity 0.13

        Inactive (0) 330 (62) 280 (51)

        Somewhat active (> 0 to < 9) 148 (28) 197 (35)

        Active ( ≥ 9) 55 (10) 76 (14)

Data are n (%) unless otherwise stated

Abbreviations: BMI, Body Mass Index; HEI-2005, Healthy Eating Index-2005; MET, Metabolic Equivalent Task; PIR: Poverty Income Ratio.

a
Chi-square test was used to compare frequencies and ANOVA was used to compare means between men and women.
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Table 2

Univariate and multivariate logistic regression analyses of associations between lifestyle factors and elevated

CRP
a

Women (n = 533) Men (n = 553)

Univariate Multivariate Univariate Multivariate

Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)

BMI, kg/m2

    ≥ 40.0 16.50 (5.73, 47.53) 15.86 (4.61, 54.58) 10.02 (3.66, 27.42) 18.27 (5.06, 65.89)

    35.0-39.9 11.82 (4.08, 34.21) 16.79 (5.98, 47.14) 3.32 (1.44, 7.67) 4.65 (1.87, 11.54)

    30.0-34.9 3.28 (1.48, 7.26) 3.57 (1.49, 8.55) 4.44 (2.03, 9.72) 5.79 (2.55, 13.14)

    25.0-29.9 2.09 (1.02, 4.30) 2.12 (1.02, 4.43) 2.03 (0.98, 4.17) 2.08 (0.88, 4.92)

    < 25.0 1.00 1.00 1.00 1.00

HEI-2005 quartiles

    Q1 (20-50) 1.22 (0.53, 2.82) 0.63 (0.25, 1.59) 1.94 (1.18, 3.21) 1.95 (1.08, 3.54)

    Q2 (50-60) 1.34 (0.72, 2.49) 1.32 (0.58, 2.98) 2.04 (1.04, 4.00) 1.95 (0.96, 3.95)

    Q3 (60-69) 1.36 (0.78, 2.37) 1.02 (0.53, 1.96) 0.91 (0.47, 1.76) 0.90 (0.45, 1.79)

    Q4 (69-94) 1.00 1.00 1.00 1.00

MET-hours/week of leisure-time physical
activity

    Inactive (0) 1.30 (0.56, 2.97) 1.65 (0.69, 3.94) 2.73 (1.24, 6.00) 2.36 (1.09, 5.08)

    Somewhat active (> 0 to < 9) 0.94 (0.42, 2.12) 1.09 (0.47, 2.54) 1.94 (0.99, 3.81) 1.84 (0.85, 3.96)

    Active ( ≥ 9) 1.00 1.00 1.00 1.00

Smoking status

    Current 1.27 (0.69, 2.34) 1.23 (0.61, 2.48) 1.30 (0.70, 2.39) 1.42 (0.74, 2.74)

    Past 1.43 (0.85, 2.43) 1.43 (0.77, 2.66) 0.96 (0.60, 1.50) 1.28 (0.74, 2.22)

    Never 1.00 1.00 1.00 1.00

Abbreviations: BMI, Body Mass Index; CI, Confidence Interval; CRP, C-Reactive Protein; HEI-2005, Healthy Eating Index-2005; MET,
Metabolic Equivalent Task.

Multivariate analysis also adjusted for age (continuous), energy (kcal/day), poverty status (Poverty Income Ratio [PIR]: < 1; ≥ 1; missing), race/
ethnicity (non-Hispanic Black; Mexican American; non-Hispanic White; other), NSAIDs (Yes; No), lipid-lowering medications (Yes; No),
diabetes duration (< 5; 5-10; > 10 years; missing), current estrogen replacement therapy (Yes; No - for women), and HbA1c (continuous).

a
Elevated CRP: CRP > 3.0 mg/L
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Table 3

Estimated linear regression coefficients (β) and associated 95% confidence intervals for lifestyle factors, with
log CRP as outcome

Women Men

β (95% CI) p β (95% CI) p

BMI, kg/m2

    ≥ 40 1.49 (1.00, 1.98) <.0001 1.20 (0.65, 1.75) <0.0001

    35-39.9 1.35 (0.90, 1.81) <.0001 0.88 (0.43, 1.33) 0.0003

    30-34.9 0.65 (0.25, 1.04) 0.002 0.82 (0.41, 1.24) 0.0002

    25-29.9 0.45 (0.01, 0.88) 0.04 0.40 (-0.03, 0.83) 0.07

    < 25 Referent Referent

HEI-2005 quartiles

    Q1 (20-50) -0.18 (-0.51, 0.15) 0.27 0.32 (0.06, 0.58) 0.02

    Q2 (50-60) 0.07 (-0.26, 0.40) 0.69 0.16 (-0.16, 0.48) 0.32

    Q3 (60-69) -0.02 (-0.28, 0.25) 0.89 -0.05 (-0.30, 0.19) 0.66

    Q4 (69-94) Referent Referent

MET-hours/week of leisure-time physical activity

    Inactive (0) 0.34 (-0.02, 0.69) 0.06 0.34 (-0.06, 0.73) 0.09

    Somewhat active (> 0 to < 9) 0.25 (-0.13, 0.64) 0.19 0.28 (-0.05, 0.62) 0.10

    Active ( ≥ 9) Referent Referent

Smoking

    Current -0.06 (-0.35, 0.23) 0.68 0.06 (-0.15, 0.28) 0.54

    Past 0.10 (-0.16, 0.37) 0.43 -0.05 (-0.28, 0.18) 0.64

    Never Referent Referent

Abbreviations: BMI, Body Mass Index; CRP, C-Reactive Protein; HEI-2005, Healthy Eating Index-2005, MET, Metabolic Equivalent Task.

Multivariate analysis also adjusted for age (continuous), energy (kcal/day), poverty status (Poverty Income Ratio [PIR]: < 1; ≥ 1; missing), race/
ethnicity (non-Hispanic Black; Mexican American; non-Hispanic White; other), NSAIDs (Yes; No), lipid-lowering medications (Yes; No),
diabetes duration (< 5; 5-10; > 10 years; missing), current estrogen replacement therapy (Yes; No - for women), and HbA1c (continuous).
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