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Abstract

It has been suggested that inflammation is important in the aetiology of hypertension and that this

may be most relevant among obese persons. To study this, we examined the independent

relationships between obesity, inflammation-related proteins (interleukin-6 (IL-6), C-reactive

protein (CRP) and fibrinogen) and risk for hypertension in the Multi-Ethnic Study of

Atherosclerosis (MESA). Hypertension status, defined as a blood pressure ≥140/90 mm Hg or a

history of hypertension and use of blood pressure medications, was determined at baseline and two

subsequent exams over 5 years. Among 3543 non-hypertensives at baseline, 714 individuals

developed incident hypertension by Exam 3. Cox proportional hazard models were used to

determine the relationship between baseline levels of IL-6, CRP and fibrinogen and future risk of

hypertension. One s.d. difference in baseline concentration of IL-6, CRP or fibrinogen was

associated with 20–40% greater risk of incident hypertension. This risk was attenuated after

accounting for other hypertension risk factors (hazard ratio (HR) IL-6: 1.13 (95% CI: 1.04–1.23);

CRP: 1.11 (95% CI: 1.02–1.21); fibrinogen 1.0 (95% CI: 0.92–1.08)). Conversely, obesity was an

independent risk factor for hypertension risk, minimally impacted by other covariates, including

IL-6 and CRP (HR 1.72 (95% CI: 1.36–2.16)). IL-6 and CRP did not modify the relationship

between obesity and hypertension, though an adjusted twofold greater risk was observed for obese
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individuals with a CRP >3 mg l−1 compared with CRP <1 mg l−1. The relationship between

inflammation-related proteins and hypertension risk was predominantly explained by other

hypertension risk factors. Obesity, independent of inflammation, remained a potent risk factor for

future hypertension.
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Introduction

Several studies have documented an independent association between circulating levels of

inflammation-related proteins and risk for incident hypertension.1–3 These data have

generated important questions about the role of inflammation in the pathogenesis of

hypertension and the utility of inflammation-related biomarkers in assessment of

hypertension risk. Obesity is also a potent risk factor for hypertension.4–7 However, as

obesity is correlated with elevated markers of inflammation,8–10 it remains unclear whether

inflammation is a separate and distinct pathophysiological mechanism leading to

hypertension or a final common pathway of several antecedent risk factors. A study in

younger adults showed that the association between inflammatory biomarker, C-reactive

protein (CRP) and hypertension was abolished after adjustment for obesity.11 These results

have raised questions as to whether inflammation and obesity reside in the same causal

pathway or the association between inflammation and hypertension is simply confounded by

obesity. Understanding this relationship between inflammation, obesity and risk for

hypertension has great public health importance as it may help clarify the optimal targets to

prevent one of the leading causes of death and disability worldwide.

To date, a vast majority of studies have been limited to studying a single inflammatory

marker on hypertension risk. In addition, no previous studies have determined the impact of

obesity on an inflammation–hypertension relationship among middle-aged and older adults.

To this end, we assessed the prospective relationship between well-characterized

inflammation-related proteins interleukin-6 (IL-6), CRP and haemostatic factor, fibrinogen,

on hypertension risk in middle-aged and older subjects enroled in the Multi-Ethnic Study of

Atherosclerosis (MESA), and determined the simultaneous role of obesity and inflammation

on hypertension risk.

Methods

MESA is a multi-ethnic longitudinal epidemiological study of 6814 women and men ages

45–84 years initiated in July 2000 to understand the importance of subclinical

atherosclerosis measures as well as other factors in individuals without known

cardiovascular disease.12 This prospective cohort study includes individuals from six US
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communities (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA;

northern Manhattan, NY and St Paul, MN), and consists of 38% White, 28% African-

American, 22% Hispanic and 12% Chinese individuals.

Medical history, anthropometric measurements and laboratory data for the present study

were taken from the first examination of the MESA cohort (July 2000 to August 2002).

Information about age, gender, ethnicity and medical history were obtained by

questionnaires. Diabetes was defined as individuals with a fasting glucose of ≥126 mg dl−1

or on prescribed diabetes medication based on 2003 ADA guidelines.13 Smoking history

was defined as never, former or current (defined as having smoked a cigarette in the last 30

days). Alcohol use was defined as never, current or former. Medication use was based on

clinical staff entry of prescribed medications brought to the visit. Total- and high-density

lipoprotein-cholesterol were measured from blood samples obtained after a 12-h fast. Low-

density lipoprotein cholesterol was calculated with the Friedewald equation.14

Blood pressure methods and hypertension definition

Resting blood pressure was measured three times in the seated position using a Dinamap

model Pro 100 automated oscillometric sphygmomanometer (Critikon, Tampa, Florida) and

the average of the second and third readings was recorded. Hypertension was defined as a

blood pressure ≥140/90 mm Hg or a history of hypertension and use of blood pressure

medications. Participants with hypertension at baseline were excluded from these analyses.

Participants with a blood pressure ≥140/90 mm Hg or a history of hypertension and use of

blood pressure medications at Exam 2 or Exam 3 were considered to have incident

hypertension.

Laboratory methods

Inflammation factor assays were run at the Laboratory for Clinical Biochemistry Research

(University of Vermont, Burlington, VT). IL-6 was measured by ultra-sensitive ELISA

(Quantikine HS Human IL-6 Immunoassay; R&D Systems, Minneapolis, MN, USA). The

lower detection limit was <0.094 pg ml−1 with a detection range of 0.156–10.0 pg ml−1. The

coefficient of variation (CV) was 6.3%. CRP and fibrinogen antigen were measured using

the BNII nephelometer (N High Sensitivity CRP, N Antiserum to Human Fibrinogen; Dade

Behring Inc., Deerfield, IL, USA). CRP intra-assay CVs ranged from 2.3–4.4% and inter-

assay CVs ranged from 2.1–5.7%. Fibrinogen intra-assay and inter-assay CVs were 2.7 and

2.6%, respectively.

Statistical analysis

For descriptive analyses across groups, the χ2 test for categorical variables and the t-test or

Kruskal–Wallis test (nonparametric measures) for continuous traits were used. Baseline

IL-6, CRP and fibrinogen concentrations were analyzed as continuous and categorical

variables. The distribution of IL-6, CRP and fibrinogen were skewed, and therefore, log-

transformed to fit a normal distribution. Categories for each respective inflammation marker

were divided into quartiles based on the distributions at Exam 1.
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For the primary analysis we used Cox proportional hazard models to estimate the risk of

incident hypertension according to 1–s.d. difference in each respective marker. An adjusted

model included age, gender, ethnicity, diabetes, statin therapy, aspirin use, alcohol

consumption, smoking history and MESA study site. The final model included body mass

index (BMI) or waist circumference (WC) to assess the additional impact of either body

composition variable on the overall model estimates. We then determined risk for future

hypertension based on quartiles of CRP, IL-6 and fibrinogen. Interaction terms for

gender*lnCRP and ethnicity*lnCRP on incident hypertension were assessed in univariate

models. Similar interaction terms were used for IL-6 and fibrinogen.

Separate models then determined the independent relationship between BMI or WC on

future hypertension risk. As above, Cox proportional hazard modelling was used to estimate

the risk of future hypertension according to 1–s.d. difference in BMI or WC. Adjusted

models included age, gender, ethnicity, diabetes, statin therapy, aspirin use, alcohol

consumption, smoking history and MESA study site. The final model included additional

adjustment for both IL-6 and CRP. BMI category defined as normal weight (BMI <25 kg

m−2), overweight (25–29 kg m−2) and obese (BMI ≥30 kg m−2) were also utilized.

Last, we explored the joint relationship between BMI and inflammation marker on

hypertension risk. As both IL-6 and CRP had similar impact on hypertension, we chose CRP

to illustrate this joint relationship. For clinical relevance we chose CRP cut points <1 mg l−1,

1–3 mg l−1 and >3 mg l−1 as categories of interest. Cox proportional hazard modelling was

used to estimate the risk of incident hypertension by CRP category within each BMI

subgroup (normal, overweight and obese). A statistical interaction between BMI and CRP,

assessed as continuous variables, on incident hypertension in univariate models was

determined.

Results

Among 3543 non-hypertensives at baseline, 714 individuals (20%) developed incident

hypertension by Exam 3. Risk factors for the development of hypertension over a 5-year

period included age, diabetes, ethnicity, low high-density lipoprotein cholesterol, high

triglycerides, higher BMI and WC (Table 1). In addition, baseline circulating levels of IL-6,

CRP and fibrinogen were higher among those who developed hypertension compared with

individuals who did not develop hypertension at follow-up.

In unadjusted models (Model 1), baseline levels of IL-6, CRP and fibrinogen were

associated with a 20–40% higher risk for future hypertension (P<0.001 for all; Figure 1).

This risk was attenuated after adjustment for traditional risk factors for hypertension. The

addition of BMI into the model further reduced the risk of hypertension for each

inflammation marker (hazard ratio (HR) IL-6: 1.13 (95% CI: 1.04–1.23); CRP: 1.11 (95%

CI: 1.02–1.21); fibrinogen 1.0 (95% CI: 0.92–1.08)). These results were similar when

substituting WC for BMI in these analyses or adjusting for change in BMI.

Next, we assessed the risk of hypertension comparing the highest to lowest quartile of IL-6,

CRP and fibrinogen (Table 2). There was a twofold greater incidence of hypertension
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comparing the highest to lowest quartile of IL-6, with similar odds for CRP and less robust

for fibrinogen. This risk was attenuated in adjusted models (HR IL-6 1.49 (95% CI: 1.14–

1.95), P=0.01; CRP 1.25 (95% CI: 0.98–1.60), P=0.07); fibrinogen 0.90 (95% CI: 0.92–

1.13), P=0.12), with BMI explaining a portion of the risk between inflammation-related

proteins and hypertension. The interaction for gender (P=0.84) and ethnicity (P=0.65)

between CRP and hypertension risk was not significant and similar for other markers. In

addition, inferences were similar by gender and ethnic group when sex and ethnic-specific

quartiles of each inflammatory marker were used (data not shown).

We performed similar analyses when assessing the independent relationship between BMI

and WC on future hypertension risk. BMI and WC were associated with a 35–40% higher

risk of future hypertension, respectively (P<0.001 for both). Adjusting for age, gender and

ethnicity did not alter this risk. Both BMI and WC were independently associated with

future hypertension after accounting for standard factors as well as IL-6 and CRP (Table 3).

We then assessed the magnitude of the hypertension risk associated among the obese. Obese

subjects (BMI≥30 kg m−2) had higher risk of incident hypertension compared with normal

weight subjects (HR 1.90 (95% CI: 1.53–2.35), P<0.001) after adjustment for age, gender,

ethnicity, diabetes, statin therapy, aspirin use, alcohol consumption, smoking history and

MESA study site. The addition of IL-6 and CRP into the fully adjusted model did not

significantly alter this relationship (HR 1.72 (95% CI: 1.36–2.16), P<0.001).

From a clinical perspective, we next wanted to assess whether having a high CRP (defined

as ≥3 mg l−1) among the obese was associated with greater risk of hypertension compared

with obese individuals with low CRP levels. The percentage of subjects who were

hypertensive at follow-up was higher among the obese with a CRP >3 mg l−1 (33%)

compared with those with CRP 1–3 mg l−1 or CRP <1 mg l−1 at baseline (25% and 17%

respectively). In crude models, obese individuals with CRP levels ≥3 mg l−1 had a twofold

higher risk compared with obese subjects with a CRP <1 mg l−1 (HR 2.15 (95% CI: 1.33–

3.46), P=0.008; Figure 2). This risk was similar after adjustment for age, gender, ethnicity,

diabetes, statin therapy, aspirin use, alcohol consumption, smoking history and MESA study

site (HR 1.93 (95% CI: 1.18–3.14), P=0.02). A statistical interaction between BMI and CRP

in univariable models was not significant (P-value for interaction=0.19).

Conclusion

In the present study, we expanded previous findings by measuring baseline concentrations of

IL-6, CRP and fibrinogen and assessed the independent and joint relationships between

inflammation, obesity and hypertension risk. We saw modest impact of inflammation alone

on hypertension risk. As expected, obesity was a powerful driver of hypertension risk

independent of other risk factors, including IL-6 and CRP. The combination of being both

obese and inflamed (CRP≥3 mg l−1) was associated with higher risk for hypertension

compared with being obese and not inflamed (CRP<1 mg l−1), though obesity did not

modify the relationship between CRP and hypertension risk.

Associations between CRP and hypertension have been previously reported.1,2,11,15–17

Studies assessing fibrinogen and hypertension risk have also been demonstrated,
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predominately in men.18,19 One previous study by Sesso et al.16 found two inflammatory

markers, IL-6 and CRP, to be associated with a higher risk for hypertension in women.

However, no study before the current findings had comprehensively studied inflammatory

markers, IL-6 and CRP, and fibrinogen on hypertension risk.

In addition to simultaneously studying several important biomarkers for future hypertension

risk, the current study expanded our original findings concerning the impact of obesity on an

inflammation–hypertension relationship. In a study of younger adults, we concluded the

relationship between CRP and risk for hypertension was attenuated and no longer

statistically significant after adjustment for BMI.11 We did not assess other inflammatory or

haemostatic factors on hypertension risk nor did we determine the impact of CRP and

hypertension risk across clinically important BMI categories. In addition, we were limited in

studying young adults, not middle-aged and older adults who are at higher risk for

hypertension, and may immediately benefit from biomarker risk assessment.

Previously, we had proposed that an inflammation–hypertension relationship was due to

either confounding by BMI or a common pathway between inflammation and BMI leading

to hypertension.11 Biologically, the latter is supported in the literature. The renin–

angiotensin system is a well-recognized pathway leading to hypertension. Previous studies

have demonstrated renin–angiotensin system activity in adipose tissue.20 Renin–angiotensin

system can subsequently upregulate inflammatory processes including the nuclear factor-kB

pathway, which has a host of functions including inflammatory cytokine release and

production of reactive oxygen species.21 In addition, adipocytes secrete inflammatory

mediators such as IL-6, which can act as regulators of insulin action,22 another key

mechanism for hypertension through increased sympathetic nervous activity and sodium

retention.23 Other mediators such as leptin and free fatty acids, related to an obese

phenotype, have also been implicated in hypertension through activation of the sympathetic

nervous system.24

Although there is support for a biological pathway between inflammation, obesity and

hypertension, our epidemiological data did not support a strong role for inflammatory

markers IL-6, CRP or fibrinogen in predicting hypertension risk independent of other risk

factors. In addition, our data demonstrate that obesity drives hypertension and was

minimally impacted by IL-6 or CRP. Of note, the combination of being both obese and

inflamed was more strongly associated with hypertension risk. However, although

inflammation may be one potential pathway between obesity and hypertension, an obesity–

hypertension relationship is clearly influenced by multiple mechanisms.25–27

There are limitations and strengths to the current study. IL-6, CRP and fibrinogen were

measured at a single time point, and therefore, associations could be underestimated because

of within-individual variability of these measures. In addition, our results are limited to the

study of established inflammatory markers IL-6, CRP and fibrinogen. We cannot exclude

that other inflammatory markers or haemostatic factors may have a different impact on

hypertension risk. A few strengths of the current study include systematic measurement of

blood pressure and a robust sample size to assess risk factors related to incident

hypertension.
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Perspectives

Clinically speaking, should CRP be measured to enhance risk stratification for hypertension

among obese individuals? Our data show that an obese, inflamed state is more strongly

associated with hypertension risk than the obese, non-inflamed. However, statistically,

neither CRP nor IL-6 modified the relationship between obesity and hypertension. In

addition, although these results are interesting, the present study was not geared to

definitively answer this question. First and foremost, the current study tells us most about

the interrelationship and pathway between obesity, inflammation, and risk for hypertension.

These findings must be taken to more basic level of science to unravel the true mechanistic

relationship and combination of factors most influential in this complex disease.
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What is known about topic

• Both inflammation and body mass index are related to systolic blood pressure

and future hypertension risk.

What this study adds

• Body mass index is a stronger predictor of future hypertension risk than

inflammation markers C-reactive protein, interleukin-6 or fibrinogen.

• Though inflammation and body mass index are interrelated in the disease

process, measuring both body mass index and C-reactive protein does not

modify risk for hypertension.
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Figure 1.
Risk of incident hypertension by baseline circulating levels of interleukin-6, C-reactive

protein and fibrinogen. Black square (95% CI)=Risk of incident hypertension comparing 1–

s.d. difference (0.67 pg ml−1) in interleukin-6 concentration. Black triangle (95% CI)=Risk

of incident hypertension comparing 1–s.d. difference (1.17 mg l−1) in C-reactive protein

concentration. White dot (95% CI)=Risk of incident hypertension comparing 1–s.d.

difference (0.20 mg dl−1) in fibrinogen concentration. Model 1: unadjusted. Model 2:

adjusted for age, gender and ethnicity. Model 3: adjusted for age, gender, ethnicity,

smoking, diabetes, statin use, aspirin use, alcohol use and study site. Model 4: Model 3 +

body mass index. Model 5: Model 3 + waist circumference. Abbreviations: HR, hazard

ratio; CI, confidence interval. *P<0.05.
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Figure 2.
CRP Category among normal, overweight and obese individuals and risk for hypertension in

MESA. Abbreviations: HTN, hypertension; BMI, body mass index; CRP, C-reactive

protein.
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Table 1

Baseline characteristics of MESA participants by incident hypertension

Baseline characteristics Incident hypertension P-value

No
(n=2829)

Yes
(n=714)

Age (years), n (%) 58 (10) 63 (10) <0.001

Sex, n (%) 0.40

 Female 1439 (51) 376 (53)

 Male 1390 (49) 338 (47)

Ethnicity, n (%) <0.001

 White 1281 (45) 271 (38)

 Asian (Chinese descent) 394 (14) 76 (11)

 African-American 517 (18) 196 (27)

 Hispanic 637 (23) 171 (24)

Diabetes, n (%) 196 (7) 96 (13) <0.001

Smoking, n (%) 0.30

 Never 1439 (51) 345 (48)

 Former 969 (34) 268 (38)

 Current 415 (15) 101 (14)

Statin use, n (%) 273 (10) 83 (12) 0.10

Asprin use, n (%) 570 (20) 168 (24) 0.05

Alcohol use (never), n (%) 506 (18) 137 (19) 0.20

LDL cholesterol (mg dl−1),
mean (±s.d.)

119 (30) 119 (33) 0.90

HDL cholesterol (mg dl−1),
mean (±s.d.)

52 (15) 50 (15) 0.002

Trigylcerides (mg dl−1),
median (IQR)

105 (79) 116 (82) 0.002

Body mass index (kgm−2),
mean (±s.d.)

27 (5) 29 (6) <0.001

Waist circumference (cm),
median (IQR) 94 (14) 100 (14) <0.001

Interleukin-6 (pg ml−1),
median (IQR)

0.99 (0.9) 1.24 (1.2) <0.001

C-reactive protein (mg l−1),
median (IQR)

1.46 (2.7) 2.2 (4.2) <0.001

Fibrinogen (mg dl−1),
median (IQR)

325 (86) 340 (94) <0.001

Abbreviations: HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; MESA, Multi-Ethnic Study of
Atherosclerosis.
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Table 2

Risk of incident hypertension according to quartile of inflammation marker

Quartiles of interleukin-6 (IL-6) (pg ml−1) P-value

1st (<0.68)
N=93

2nd (≥0.68<1.05)
N=175

3rd (≥1.05<1.69)
N=197

4th (≥1.69)
N=225

Unadjusted 1.0 (ref) 1.89 (1.48–2.44) 2.31 (1.80–2.95) 2.69 (2.12–3.43) <0.001

Adjusted age, gender, ethnicity 1.0 (ref) 1.64 (1.27–2.11) 1.89 (1.47–2.42) 2.10 (1.64–2.68) <0.001

Fully adjusted − BMIa 1.0 (ref) 1.53 (1.19–1.98) 1.73 (1.34–2.23) 1.85 (1.43–2.38) <0.001

Fully adjusted + BMIa 1.0 (ref) 1.44 (1.11–1.86) 1.54 (1.19–1.99) 1.49 (1.14–1.95) 0.01

Quartiles of C-reactive protein (CRP) (mg l−1)

1st (<0.71) 2nd (≥0.71<1.55) 3rd (≥1.55<3.69) 4th (≥3.69)

N=132 N=162 N=172 N=243 P-value

Unadjusted 1.0 (ref) 1.26 (0.99–1.59) 1.33 (1.06–1.67) 1.96 (1.58–2.42) <0.001

Adjusted age, gender, ethnicity 1.0 (ref) 1.11 (0.88–1.39) 1.15 (0.92–1.45) 1.74 (1.39–2.16) <0.001

Fully adjusted − BMIa 1.0 (ref) 1.06 (0.84–1.34) 1.09 (0.86–1.38) 1.55 (1.23–1.94) <0.001

Fully adjusted + BMIa 1.0 (ref) 1.0 (0.79–1.26) 0.97 (0.77–1.23) 1.25 (0.98–1.60) 0.07

Quartiles of fibrinogen (mg/dl)

1st (<294) 2nd (≥294<337) 3rd (≥337<388) 4th (≥388)

N=154 N=135 N=205 N=216 P-value

Unadjusted 1.0 (ref) 0.96 (0.77–1.19) 1.33 (1.10–1.64) 1.50 (1.22–1.85) <0.001

Adjusted age, gender, ethnicity 1.0 (ref) 0.84 (0.68–1.05) 1.14 (0.92–1.40) 1.13 (0.91–1.40) 0.02

Fully adjusted − BMIa 1.0 (ref) 0.84 (0.67–1.04) 1.10 (0.90–1.37) 1.05 (0.85–1.32) 0.06

Fully adjusted + BMIa 1.0 (ref) 0.81 (0.65–1.00) 1.02 (0.83–1.26) 0.90 (0.92–1.13) 0.12

Abbreviations: BMI, body mass index; MESA, Multi-Ethnic Study of Atherosclerosis.

a
Adjusted for age, gender, ethnicity, smoking, diabetes, statin use, aspirin use, alcohol use, MESA study site.
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Table 3

Risk of hypertension by baseline measurement of body mass index or waist circumferencea

Body mass index (kgm−2) P-value Waist circumference (cm) P-value

Unadjusted 1.34 (1.26–1.43) <0.001 1.39 (1.30–1.49) <0.001

Adjusted age, gender, ethnicity 1.36 (1.27–1.46) <0.001 1.36 (1.27–1.46) <0.001

Fully adjusted−lnIL-6, lnCRPb 1.30 (1.20–1.39) <0.001 1.29 (1.20–1.39) <0.001

Fully adjusted+lnIL-6, lnCRPb 1.24 (1.14–1.34) <0.001 1.23 (1.13–1.33) <0.001

lnIL-6=natural logarithm Interleukin-6.

lnCRP=natural logarithm C-reactive protein.

a
Per 1–s.d. difference.

b
Adjusted for age, gender, ethnicity, smoking, diabetes, statin use, aspirin use, alcohol use, Multi-Ethnic Study of Atherosclerosis study site.
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