Obesity impairs vascular relaxation in human subjects:

hyperglycemia exaggerates adrenergic vasoconstrictionB

Arterial dysfunction in obesity and diabetes
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Abstract

Objectives: Arterial dysfunction occurs in obesity and diabetes. However, there is uncertainty about the relative contribution of

endothelial dysfunction, smooth muscle dysfunction, or adrenergic hyperresponsiveness. Methods and Results: We examined forearm

resistance vessel responses to intra-arterial vasoactive agents in matched subjects on no antihyperglycemic medications classified as (1) Type

2 diabetes, (2) impaired fasting glucose (IFG), (3) obese, and (4) nonobese. Responses to both acetylcholine and nitroprusside were impaired

in obese, IFG, and diabetic subjects compared to nonobese. However, diabetic and IFG subjects had no further impairment than

normoglycemic obese subjects. Gender-specific data revealed that obese, IFG, and diabetic males compared to nonobese males demonstrated

impaired responses to nitroprusside. However, among females, obese, IFG, and diabetic subjects demonstrated impaired acetylcholinemediated

responses. Multivariate analyses revealed that gender and adiposity, but not glycemia, were strongly related to acetylcholine and

nitroprusside responses. Vasoconstriction to norepinephrine was greater in subjects with diabetes and IFG compared to nondiabetic

obese controls. Conclusions: Microvascular vasodilator function is impaired in obesity, with little further impairment in IFG and Type 2

diabetes. Females appear more sensitive to the deleterious effect of obesity on endothelium-mediated resistance vessel function, and males to

smooth muscle-mediated function. There is a specific increase in adrenergic vasoconstrictor responses in IFG and Type 2 diabetes

independent of obesity.
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Keywords: Acetylcholine; Arteries; Diabetes mellitus; Endothelium; Nitric oxide; Norepinephrine; Obesity

1. Introduction

Vascular dysfunction is a well-known phenomenon

associated with obesity and Type 2 diabetes (Goodfellow

et al., 1996; Hogikyan et al., 1998; Steinberg et al., 1996)

and likely represents an early marker of atherosclerotic

damage (Nitenberg et al., 1993; Pitkanen et al., 1998;

Yokoyama et al., 1997). There is an evidence that this is

mediated mainly through endothelium-dependent mechanisms

(Goodfellow et al., 1996; Hogikyan et al., 1998;

Steinberg et al., 1996) and correlates with indices of insulin
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a b s t r a c t

To examine the interface between obesity and type 2 diabetes mellitus we examined data

from the 2005 U.S. National Ambulatory Medical Care Survey (NAMCS). Our findings indicate

a significant proportion ofU.S. ambulatory patients withDMpresent with obesity and greater

clinical acuity than patients with DM alone.

© 2009 Primary Care Diabetes Europe. Published by Elsevier Ltd. All rights reserved.

To the Editor,

The international adoption of the body mass index (BMI)

as a standardized measure has facilitated classification and

comparison of obesity data globally [1]. Recently we have seen

a clinical focus on the connection between stratified levels of

obesity and related disease states. For example, increasing BMI

has been correlated with greater incidence of type 2 diabetes

mellitus (DM) [2]. In 1990 27% of diagnoses studied for cardiovascular

disease were attributed to men and women with BMI

≥29, with a noticeable economic impact at a BMI≥25 [2–4]. One

investigation of Framingham Heart Study participants calculated

a 5% and 7% increased risk of heart failure in men and

women respectively, for every 1 degree increase in BMI [5].
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Moreover, weight gain is associated with DM, osteoarthritis,

postmenopausal breast cancer, colon cancer, and infertility

[4,6–10].

In 2002, the costs of overweight and obesity exceeded that

attributed to smoking in theU.S. [11,12]. Evenmore alarming is

the threefold rise in prevalence of childhood obesity over the

past 30 years [13–15]. Regional estimates of obesity prevalence

for children and adolescents in the United States (U.S.) range

from 8.5% in Utah, up to 22.8% in the District of Columbia [14].

The obesity epidemic emanates across ethnicity/race, age,

education, and socioeconomic status [13,14,16]. A 2004 survey

of 7116 U.S. Department of Defense beneficiaries noted obesity

in 39% of non-Hispanic Black men, and 42% of non-Hispanic

Black women [11]. One investigation suggested the greatest
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In the Western industrialized nations, the proportion of people who are overweight has increased continuously during the past few decades[1]. One particularly clear sign of this development is the prevalence of severe overweight, which is why the World Health Organization (WHO) has long been warning of an impending obesity epidemic in the 21st century[2]. In the case of Germany, it can be shown that between 1985 and 2002, the rates of obesity in men and women aged from 25 to 69 years rose from 16.2% to 22.5% and from 16.2% to 23.3%, respectively[3].

The health consequences of this development are serious: obesity increases a person's risk of cardiovascular disease, metabolic disorders, diabetes mellitus, arthrosis and other orthopedic complications, and certain cancers, e.g. colon, breast, and prostate cancer. In addition to this, obese people more often report impaired psychosocial wellbeing and health-related quality of life, and are at greater risk of premature death[4-6]. All this results in considerable costs to the national economy. According to estimates, between 3.1% and 5.5% of the annual costs in the German health care system are spent on treating obesity and related diseases[5].

Against this background, it is important to develop specific preventive measures and treatment options. In doing so, it must be borne in mind that there are social inequalities in how overweight and obesity are distributed among the population. Studies show that in countries with a Western-type lifestyle, socially disadvantaged groups are more often affected by obesity than are comparatively better-off groups[7-10]. Germany is no exception. As the results of the health surveys by the Robert Koch Institute and the National Nutrition Survey II (Nationale Verzehrsstudie II) show, obesity is more common in children and adults of low social status [11-13,e1, e2].

To measure social status, many studies rely on a multidimensional index based on information about school and vocational education, occupational status, and net household income[14,15]. An index of this kind will help to show up social differences in the occurrence of obesity, but when it comes to explaining these differences, identifying target groups, and elaborating recommendations for action, it does not provide much in the way of concrete starting points. For this reason, in the present study the indicators used to determine social status will be examined individually and their relative importance for the occurrence of obesity will be determined [16,17].

