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Abstract
Background—Albuminuria predicts cardiovascular risk, but its function as a marker of endothelial
damage and atherosclerosis is uncertain, as is the complex relationship with hypertension and
diabetes.

Objective—To determine if hypertension contributes to albuminuria in the absence of marked
atherosclerosis, and whether high-normal blood pressure has consistent associations with
albuminuria across levels of atherosclerosis and type 2 diabetes.

Methods—Cross-sectional associations of cardiovascular risk factors and albuminuria were
examined in 4 groups of 10,113 middle-aged participants from the ARIC study: (1) type 2 diabetics
with marked atherosclerosis, (2) type 2 diabetics without marked atherosclerosis, (3) non-diabetics
with marked atherosclerosis, and (4) non-diabetics without marked atherosclerosis. Marked
atherosclerosis was defined as high levels of carotid atherosclerosis or prevalent coronary heart
disease (CHD).

Results—Hyperglycemia and hypertriglyceridemia were associated with albuminuria, but only
among type 2 diabetics. In multivariate models, increasing blood pressure levels (but not
albuminuria) were significantly associated (p-trend<0.001) with carotid atherosclerosis when
stratified by prevalent CHD. Excluding individuals on hypertension medication, higher blood
pressure category was associated with albuminuria in all groups (P-trend<0.05). Importantly, the
association was strong for even high normal blood pressure among non-diabetics without marked
atherosclerosis (OR 2.72, 95% CI: 1.62-4.58) and type 2 diabetics with marked atherosclerosis (OR
11.99, 95% CI: 1.33-108.18).

Conclusion—Blood pressure, even at high-normal levels, is associated with albuminuria. This
association is consistent across categories of type 2 diabetes status and atherosclerosis. Though
albuminuria may be a marker of generalized vascular damage and endothelial dysfunction, our results
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suggest that the effects of blood pressure on albuminuria are not solely mediated through generalized
vascular damage, as represented by degree of atherosclerosis.
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blood pressure; nephropathy; diabetes; microalbuminuria; atherosclerosis; hypertension;
community-based

Introduction
Microalbuminuria, the excretion of albumin in the urine above normal levels, is a significant
predictor of cardiovascular events[14,16,21,30,43,47] and renal disease progression [9,33,
49]. The pathophysiologic mechanism behind the association of albuminuria (micro- and
macroalbuminuria) and increased cardiovascular risk is not completely understood, though
there is compelling evidence that albuminuria may be a marker of generalized vascular damage
and endothelial dysfunction, which may promote atherosclerosis throughout the vascular tree
[12,25,42,51]. Diabetes [4] and hypertension [15,23,28] are well-established as the two primary
risk factors for nephropathy, and also significantly increase the risk of atherosclerosis and
endothelial dysfunction [8]. However, the complex relationship between blood pressure,
albuminuria, and atherosclerosis is not understood. Studies have shown that the association
between albuminuria and atherosclerosis may be partially explained by the effects of blood
pressure[5,36] and other cardiovascular risk factors[31]; however, others have demonstrated
the relationship to be independent of these factors [19].

There is evidence that blood pressure, even non-hypertensive levels, is associated with
microalbuminuria[24,35]. Though it is known that increased blood pressure contributes to both
albuminuria and atherosclerosis, no study has examined whether the association of blood
pressure and albuminuria is different between individuals with and without marked
atherosclerosis. Additionally, the pathophysiologic mechanisms behind albuminuria and
atherosclerosis among type 2 diabetics and non-diabetics may differ significantly[5]. With
these considerations in mind, we conducted a large cross-sectional study of albuminuria nested
within a community-based middle-aged cohort of Caucasians and African Americans with and
without type 2 diabetes who had measures of clinical and subclinical atherosclerosis. We
examined the association of cardiovascular risk factors (with particular emphasis on
hypertension) with albuminuria among participants grouped into four risk categories: 1) type
2 diabetics with marked atherosclerosis, 2) type 2 diabetics without marked atherosclerosis, 3)
non-diabetics with marked atherosclerosis, and 4) non-diabetics without marked
atherosclerosis. Marked atherosclerosis was defined as individuals with high levels of carotid
atherosclerosis or prevalent CHD. We hypothesized that the prevalence of albuminuria would
be higher among type 2 diabetics and among those with marked atherosclerosis; however, high
normal blood pressure would predict albuminuria similarly individuals with and without
marked atherosclerosis among both diabetics and non-diabetics.

Methods
Study Population

The study population consisted of 10,113 African Americans and Caucasians with and without
type 2 diabetes and carotid atherosclerosis visualized by B-mode ultrasound in the
Atheroslcerosis Risk in Communities (ARIC) Study. The ARIC study recruited adults aged 45
to 64 years at baseline in 1987 through 1989. Population samples were selected from 4 US
communities: Forsyth County, NC; Jackson, MS; suburbs of Minneapolis, MN, and
Washington Co., MD. Participants underwent four standardized examinations in field center
clinics, scheduled approximately every three years[1]. At baseline, response rates were 37%
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of all those eligible in Jackson (all African-American) and 65-66% in the other three
communities. However, previous studies have demonstrated that overall, the bias in prevalence
estimates related to nonresponse was small (<5%) for most measured characteristics[45]. The
current study is a cross-sectional examination of clinical characteristics from visit 4
(1996-1998), except for carotid atherosclerosis which was assessed at either visit 3 (1993-1995)
or 4. The institutional review boards of each participating institution approved the study
protocol.

Of the 11,625 African American and Caucasian participants who attended visit 4, a single
untimed urine sample was collected from 11,482 participants (98.8%). We excluded those
missing either urinary albumin or creatinine measurements (n=35) and individuals without a
measurement of extracranial carotid atherosclerosis from visit 3 or 4 (n=370). We also excluded
individuals without fasting glucose and insulin values (n=511), those missing lipid values
(n=149) and serum creatinine (n=117), and those missing information on visit 4 prevalent CHD,
diabetes, hypertension medication use, systolic blood pressure (SBP), diastolic blood pressure
(DBP), anthropometric data, and cigarette smoking and alcohol use (n=187). Included
(n=10113) and excluded individuals (n=1364) with albumin-to-creatinine measurements were
similar in visit 4 mean age (62.8 years in each group) and proportion male (43.9% and 46.3%,
respectively). However, excluded individuals were more likely to be African American (43.8%
vs. 19.4%), type 2 diabetic (46.0% vs. 21.9%), hypertensive (60.7% vs. 45.9%), albuminuric
(16.6% vs. 7.3%), and to have prevalent CHD (12.8% vs. 8.0%) compared to included
participants.

Assessment of Clinical Characteristics
A standardized interview, clinical examination, and laboratory investigation collected
demographic, anthropometric, and cardiovascular risk factor data for participants [37].
Collection of fasting blood samples and processing for serum creatinine and plasma lipids is
described in detail elsewhere[37]. Triglyceride levels were loge transformed because of a
skewed distribution. Two standardized blood pressure measurements were performed by
trained ARIC technicians using a random zero sphygmomanometer and the average of the two
was used. Hypertension was defined as a systolic blood pressure (SBP) ≥ 140 mmHg, a diastolic
blood pressure (DBP) ≥ 90 mmHg, or the use of antihypertensive medication during the
previous 2 weeks. Antihypertensive medications included medications specifically prescribed
for blood pressure control or medications with antihypertensive effects based on medication
codes. Use of hypertension medication consisted of either utilization of antihypertensive
medications based on medication codes or self-reported use of hypertension lowering
medication within the past two weeks. Blood pressure was also categorized according to
guidelines of the Sixth Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC6): 1) optimal (SBP<120mmHg and
DBP <80mmHg), 2) normal (SBP 120-129mmHg and DBP 80-84mmHg), 3) high normal
(SBP 130-139mmHg or DBP 85-89mmHg), 4) stage 1 hypertension (SBP 140-159 mmHg or
DBP 90-99mmHg), 5) stage 2 hypertension (SBP 160-179mmHg or DBP 100-109mmHg),
and 6) stage 3 hypertension (SBP≥180mmHg or DBP≥110mmHg) [2]. Type 2 diabetes was
defined as a fasting glucose of ≥ 126 mg/dL, nonfasting glucose or oral glucose tolerance test
2-hour glucose of ≥ 200 mg/dL, or self-reported history or treatment of type 2 diabetes.
Prevalent CHD was defined by history of CHD revascularization procedures, of myocardial
infarction, or electrocardiogram evidence of MI at or before visit 4. Baseline glomerular
filtration rate (GFR) was estimated from calibrated serum creatinine (SCr) using the simplified
equation developed using data from the Modification of Diet in Renal Disease (MDRD) Study
[3,26] as follows:
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Bilateral measurement of the combined intimal medial thickness (IMT) of the extracranial
carotid arteries was assessed by using B-mode ultrasound and has been described elsewhere
[22,37,46]. The ARIC study ultrasound methods use a scanning protocol common to field
centers, with sonographers and readers receiving centralized training and certification, meeting
standards of quality assessment. Intimal medial thickness was measured centrally along the far
wall of six different segments: bilaterally in the common carotid artery, the carotid bifurcation,
and the internal carotid arteries. An overall mean IMT was utilized, using a maximum
likelihood technique when any carotid sites were not visualized[18]. Measurements were
adjusted to account for method drift over the visits and systematic differences between readers.
Of our study sample, carotid IMT was assessed only during visit 4 in 40.7% and only during
visit 3 in 39.9% of participants. Of the 19.4% with carotid IMT measurements from both visits
3 and 4, the more recent measurement was used in our analyses. High levels of carotid
atherosclerosis were defined as an increased IMT belonging to the highest quartile[31] and
were determined using race, sex, and visit-specific 75th percentile cut points for mean IMT
(visit 3: 912μm in white men, 790μm in white women, 865μm in black men, 816μm in black
women; visit 4: 962μm in white men, 828μm in white women, 903μm in black men, 834μm
in black women). In order to attempt to capture both subclinical and clinical atherosclerosis,
individuals were defined as having marked atherosclerosis (n=2902) if they had high levels of
carotid atherosclerosis (n=2413) or prevalent CHD (n=810), respectively. Participants with
neither high levels of carotid atherosclerosis nor prevalent CHD were classified as not having
marked atherosclerosis (n=7211). N=1803 persons without prevalent CHD underwent carotid
ultrasound at both visits 3 and 4; within this group, of the 1439 classified as without carotid
atherosclerosis in visit 3, N=196 (13.6%) developed de novo carotid atherosclerosis by visit
4. Within the group of 7211 persons without marked atherosclerosis per our definition, 2890
(40.1%) only underwent carotid ultrasound in visit 3; based on the above estimate for
developing de novo carotid atherosclerosis between visits 3 and 4, we estimate that
approximately 393 (3.9% of the total study population) may be misclassified as not having
marked atherosclerosis. We performed sensitivity analysis limiting the sample to those who
underwent carotid ultrasound at the most recent visit only (visit 4, n=6083) with similar results
(results not shown), demonstrating the robustness of our results despite this potential limitation.

Ascertainment of Albuminuria
An untimed urine sample was collected during the visit 4 clinical examination. Aliquots were
frozen within 12 hours and stored at -70°C. Albumin and creatinine levels were measured in
the University of Minnesota Physicians Outreach Laboratories, Minneapolis, Minnesota, with
albumin by a nephelometric method either on the Dade Behring BN100 (assay sensitivity, 2.0
mg/L) or on the Beckman Immage Nephelometer, and creatinine using the Jaffe method in
order to determine the albumin-to-creatinine ratio (ACR; ug/mg) for participants. Blinded
samples (n=516) analyzed for quality assurance showed a correlation coefficient (r) of the
loge-transformed ACR as r=0.95. The ACR was used to determine levels of albuminuria
according to American Diabetes Association [34] and National Kidney Foundation [17]
recommendations: normoalbuminuria is ACR<30μg/mg, microalbuminuria is ACR
30-299μg/mg, and macroalbuminuria is ACR≥300μg/mg. Albuminuria cases were defined as
participants with either micro- or macroalbuminuria.

Statistical Analysis
Statistical analyses were performed using STATA, version 9 (Stata, College Station, TX). To
better differentiate the effects of blood pressure from type 2 diabetes and carotid
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atherosclerosis, analyses were performed on the study sample stratified into four groups: type
2 diabetics with marked atherosclerosis, type 2 diabetics without marked atherosclerosis, non-
diabetics with marked atherosclerosis, and non-diabetics without marked atherosclerosis. In
each group, tests of differences in clinical characteristics by albuminuria case status were
performed using t-tests, ANOVA, and χ2 tests. P values <0.05 were considered statistically
significant.

Multivariate logistic regression was used to calculate the odds ratio (OR) and 95% confidence
interval (95% CI) of albuminuria for each JNC6 blood pressure category compared to optimal
blood pressure (SBP<120mmHg and DBP<80mmHg), adjusted for kidney disease risk factors.
Covariates included age, gender, race, hypertension medication use, prevalent CHD (only
among those with atherosclerosis), body mass index (BMI), fasting glucose, fasting insulin,
loge triglycerides, HDL cholesterol, current smoking, and GFR categories. GFR was
categorized into four categories of renal function[27] (GFR mL/min/1.73m2): high normal
(≥120), low normal (90-119), mildly decreased (60-89), and moderately/severely decreased
(<60). Additionally, we dichotomized GFR into those with mildly decreased or worse renal
function (GFR<90) or at least normal renal function (GFR≥90) when we performed subset
analyses of the 4 risk groups among those without hypertension medication. We additionally
examined the unadjusted and adjusted associations of various risk factors with carotid
atherosclerosis (upper quartile of carotid IMT) as an outcome, stratified by prevalent CHD. In
our primary analyses, to examine the association of JNC6 blood pressure categories with
albuminuria independent of the effects of hypertension management, we performed
multivariate logistic regression in each of the risk groups, excluding individuals using
hypertension medication and adjusting for the above covariates, as described. To examine
continuous measures of blood pressure and albuminuria among those without hypertension
medication use, we also separately analyzed SBP, DBP, pulse pressure (PP; defined as SBP -
DBP), and mean arterial pressure (MAP; defined as DBP + (SBP - DBP)/3) as predictors of
albuminuria. The prevalence of albuminuria by JNC6 blood pressure category was also
determined in each risk group, excluding individuals using hypertension medication and
adjusting for covariates mentioned previously. In all individuals without hypertension
medication use, we also examined interactions between BP category and 1) type 2 diabetes
and 2) marked atherosclerosis by the likelihood ratio test (LRT).

Results
Distribution of ACR by Risk Categories

The distribution of measurements of ACR, categorized by the presence or absence of type 2
diabetes and/or marked atherosclerosis, is illustrated in Figure 1. Among the entire study
population (n=10,113), the prevalence of albuminuria was 7.3% (microalbuminuria was 6.0%
and macroalbuminuria was 1.3%). Among those with type 2 diabetes, the prevalence of
albuminuria among those with marked atherosclerosis (n=870) was 19.4% and among those
without marked atherosclerosis (n=1340) was 12.6%. Compared to type 2 diabetics, the
prevalence among non-diabetics was lower. The prevalence of albuminuria among non-
diabetics with (n=2032) and without marked atherosclerosis (n=5871) was 7.4% and 4.2%,
respectively. By race, the prevalence of albuminuria among all African-Americans (N=1961)
was 11.5% and among all whites (N=8152) was 6.3%. Among non-diabetics (N=7903),
albuminuria prevalence was 7.9% and 4.4% for African-Americans and whites, respectively.
Similarly, among diabetics (N=2210), there was a greater prevalence of albuminuria among
African-Americans (20.5%) than among whites (13.6%).
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Clinical Characteristics
Table 1 describes the clinical characteristics associated with albuminuria, categorized by the
presence or absence of type 2 diabetes and/or marked atherosclerosis. In each risk group,
albuminuria was associated with a worse risk factor profile. Those with albuminuria had a
higher prevalence of hypertension medication use, greater SBP and DBP, and worse renal
function as estimated by GFR (P<0.05 in all risk categories). Those with albuminuria also had
higher fasting glucose and insulin levels, except among marked atherosclerotic non-diabetics,
a group in which those with albuminuria had lower BMI compared to individuals with
normoalbuminuria. Among those with diabetes, albuminuric participants with marked
atherosclerosis were more likely male and to be current smokers while albuminuric participants
without marked atherosclerosis were more likely African American. Interestingly, lipid levels
were comparable by case status in most risk groups, except albuminuria cases among marked
atherosclerotic type 2 diabetics had higher triglyceride levels and lower LDL cholesterol.
Among all non-diabetics, cases were older, more likely to be African American, and to be
current smokers (P<0.05 among those with and without marked atherosclerosis). Among all
those with marked atherosclerosis, cases had a higher prevalence of CHD among both type 2
diabetics and non-diabetics.

Multivariate Analyses
Multivariate logistic regression results for albuminuria are listed in table 2, adjusting for all
listed covariates. Demographic characteristics were not consistently associated with
albuminuria across risk groups. Age was not independently associated with albuminuria.
Among type 2 diabetics with and without marked atherosclerosis, male gender was
significantly associated with albuminuria, though it was not associated among non-diabetics.
African-American race was associated with albuminuria, but only among those without marked
atherosclerosis. In terms of lifestyle characteristics, current smoking was significantly
associated with albuminuria across all risk groups.

When examining prevalent disease, among those with marked atherosclerosis, prevalent CHD
was associated with albuminuria to a similar degree among those with type 2 diabetes (OR
1.91, 95% CI: 1.28 - 2.84) and non-diabetics (OR 1.72, 95% CI: 1.14 - 2.57). Use of
hypertension medication was independently associated with albuminuria in a statistically
significant fashion except among type 2 diabetics with marked atherosclerosis. Blood pressure
was strongly associated with albuminuria in all groups. Interestingly, the association appeared
stronger among individuals without marked atherosclerosis compared to those with marked
atherosclerosis. This was true among both diabetics and non-diabetics. Similarly, across
comparable atherosclerosis categories, the association of blood pressure with albuminuria also
appeared stronger among non-diabetics compared to diabetics.

The associations of albuminuria with metabolic and lipid characteristics were interesting,
particularly when compared between type 2 diabetes strata (table 2). BMI was not associated
with albuminuria among type 2 diabetics; however, among non-diabetics a weak inverse
association emerged in a model adjusting for all other risk factors. Fasting glucose was
significantly associated among all type 2 diabetics, while insulin was only associated among
type 2 diabetics without marked atherosclerosis. Neither fasting glucose nor insulin was
associated among non-diabetics. The association of triglycerides and albuminuria were also
strikingly different by type 2 diabetes status, though not significantly different by
atherosclerosis status. Triglycerides predicted albuminuria among type 2 diabetics with marked
atherosclerosis (OR 1.72, 95% CI: 1.05 - 2.81). Among type 2 diabetics without marked
atherosclerosis, the association of triglycerides and albuminuria was similar in magnitude but
not significant (OR 1.46, 95% CI: 0.96 - 2.22). Among non-diabetics, there was no association
of triglycerides with albuminuria among those without marked atherosclerosis (OR 1.09, 95%
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CI: 0.78 - 1.52) and with marked atherosclerosis (OR 0.81, 95% CI: 0.51 - 1.29). Glucose and
triglycerides, components of the metabolic syndrome, are associated with albuminuria only
among type 2 diabetics.

Decreased kidney function was also independently associated with albuminuria in all four risk
groups (table 2). Compared to normal kidney function, moderate-severely decreased renal
function (GFR<60 mL/min/1.73m2) was strongly associated with albuminuria. Mildly
decreased renal function (GFR 60-89 mL/min/1.73m2) was not associated with albuminuria
in any risk group.

We attempted to further explore the relationship between prevalent CHD, carotid
atherosclerosis, and albuminuria. In our study there is a strong association between prevalent
CHD and carotid atherosclerosis, with an unadjusted odds ratio of 2.26 (95% CI: 1.95 - 2.63)
for marked carotid atherosclerosis (upper quartile of carotid IMT) with prevalent CHD as the
outcome; the multivariate model was also statistically significant (OR 1.69, 95% CI: 1.43 -
1.99). There was a similar association of albuminuria with CHD, with an unadjusted OR of
2.92 (95% CI: 2.39 - 3.58) and an adjusted OR of 1.77 (95% CI: 1.39 - 2.24). In table 3, to
better examine the association between carotid atherosclerosis as an outcome and other risk
factors such as albuminuria, blood pressure, and lipid levels, we performed unadjusted and
multivariate logistic regression on carotid atherosclerosis, stratified by prevalent CHD. Among
those with and without prevalent CHD, univariate and multivariate analyses demonstrated
statistically significant associations of carotid atherosclerosis with age (p<0.001). Current
smoking and lipid profiles were significantly associated in both unadjusted and adjusted
analyses with carotid atherosclerosis only among those without CHD; among those with
prevalent CHD, only triglyceride level had an unadjusted association with carotid
atherosclerosis. Diabetes-related characteristics and poor renal function only had an association
with carotid atherosclerosis among those without CHD in univariate analysis; they were no
longer significant after adjustment for other risk factors, though GFR<60 had a slightly
increased point estimate (OR 1.16, 95% CI: 0.95 - 1.41). Among those without CHD, type 2
diabetes was significantly associated with carotid atherosclerosis, even after adjustment for
other risk factors (OR 1.24, 95% CI: 1.07 - 1.43); interestingly, among those with prevalent
CHD, type 2 diabetes had an increased point estimate in univariate analysis (OR 1.27) but had
no association after adjustment for other major risk factors (OR 0.96). Among those with
prevalent CHD, albuminuria had an increased (though non-significant) unadjusted association
(OR 1.20) with carotid atherosclerosis which was no longer present after further adjustment
for confounding risk factors. This relationship between albuminuria and carotid atherosclerosis
was similarly seen among those without prevalent CHD, with a statistically significant
(p<0.001) unadjusted association of OR 1.57 (95% CI: 1.31 - 1.88), which also became a null
association after adjustment for confounders (OR 0.96). The increased association between
blood pressure and carotid atherosclerosis was more robust and was consistently demonstrated
in univariate and multivariate analyses (p-trend<0.001), among those with and without CHD.

Blood Pressure and Albuminuria, Excluding Hypertension Medication Use
We excluded individuals with self-reported treated hypertension to examine the association of
albuminuria with blood pressure, isolated from the effects of hypertension medication, with a
subsequent study sample of 5,902 individuals. When examining JNC6 blood pressure
categories, individuals with stage 2 and 3 hypertension were combined since the number of
untreated hypertensives with stage 3 blood pressure was relatively small. In Figure 2, we
estimated the prevalence of albuminuria by blood pressure category in each of the four risk
groups, adjusted to the risk factor characteristics of all individuals within each diabetic and
atherosclerotic risk group. In all four groups, the prevalence of albuminuria increased with
blood pressure, adjusted for all other risk factors. As blood pressure category was increased,
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there was a greater association with albuminuria in all risk categories (P-trend<0.05). The
association of atherosclerosis with albuminuria is most evident among hypertensives. Among
non-diabetics without marked atherosclerosis, prevalence of albuminuria shows a consistent
dose response, reaching at stage 2 and 3 hypertension a prevalence level comparable to
normotensive diabetics with marked atherosclerosis.

We also examined in multivariate logistic regression models the independent associations with
albuminuria of blood pressure categories in all risk groups, after excluding treated
hypertensives (see table 4). Higher blood pressure category was associated with albuminuria
in all groups. Importantly, the association was strong and graded in the group with neither
marked atherosclerosis nor diabetes. In this group, high normal blood pressure was
independently associated with albuminuria (OR 2.76, 95% CI: 1.61 - 4.73) compared to optimal
blood pressure. This relationship was also seen among type 2 diabetics with marked
atherosclerosis (n=263), with those with high normal BP having an OR of 11.99 (1.33 - 108.18).

To better evaluate the association of blood pressure and albuminuria among individuals not
treated for hypertension, multivariate logistic regression results for albuminuria for each 10
mmHg increase in SBP, DBP, PP, and MAP were individually evaluated in each of the four
risk groups (table 5). Consistent with previous studies, increases in each metric of BP resulted
in a higher prevalence of albuminuria. However, only SBP and PP were consistently
significantly associated with albuminuria across all risk categories, though the degree of
variability across risk groups may be more a reflection of analyses in subgroups with differing
samples sizes.

Formal tests of interaction between JNC6 BP categories and atherosclerosis (LRT (5 d.f.),
P=0.57) and BP categories and type 2 diabetes status (LRT (5d.f.), P=0.78) were not significant
among individuals who did not use hypertension medication. Among those without
hypertension treatment (n=5902), in our multivariate model, marked atherosclerosis was not
associated with albuminuria (OR 0.88, 95% CI: 0.63 - 1.24) while both diabetes (OR 1.94,
1.35 - 2.79) and normal/high normal blood pressure were associated with albuminuria,
independent of all CVD risk factors [normal BP(SBP 120-129 and DBP 80-84): OR 1.49, 95%
CI: 1.00 - 2.22, p=0.052; high normal BP(SBP 130-139 or DBP 85-89): OR 1.97, 95% CI:
1.29 - 3.00, p=0.002 compared to optimal BP]. Sensitivity analyses examining
macroalbuminuria (excluding microalbuminurics and those on antihypertensive medication,
n=5685) as the outcome in the above multivariate model demonstrated risk estimates of blood
pressure categories comparable to the above results, though not significant, except among those
with stage 2 and 3 hypertension (OR: 9.38, 95% CI: 1.61 - 54.69). Analyses examining
microalbuminuria (excluding macroalbuminurics and those on hypertensive treatment) and
blood pressure categories were comparable to results with albuminuria as the outcome (results
not shown).

Discussion
The associations of blood pressure and albuminuria were confirmed in our study, independent
of type 2 diabetes and level of atherosclerosis. It was evident that even untreated high-normal
blood pressure levels were associated with albuminuria, particularly among non-diabetics
without marked atherosclerosis (OR 2.72, 95% CI: 1.62-4.58). This relationship of high-normal
blood pressure and albuminuria was also evident among diabetics with marked atherosclerosis,
though the sample size was smaller (OR 11.99, 95% CI: 1.33 - 108.18). Neither diabetes status
nor atherosclerosis interacted with blood pressure to affect the prevalence of albuminuria.
Though the effects of blood pressure may contribute in parallel to albuminuria and
atherosclerosis, our results suggest the effects on albuminuria may be independent of those on
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atherosclerosis. Albuminuria is related to hypertension, even in the absence of marked
atherosclerosis.

Our results extend previously published studies which did not examine atherosclerosis.
Hypertension has been shown to be associated with albuminuria in several studies [11,20,29,
32,38,39,41,50]. However, few studies have examined the association between high normal
blood pressure and albuminuria[24,35]. In the Third National Health and Nutrition
Examination Survey (NHANES III), Knight et al. determined that among normotensives
without diabetes, compared to optimal blood pressure, those with high normal blood pressure
had an increased odds of microalbuminuria (OR 2.13, 95% CI: 1.51 - 3.01)[24]. Similarly,
Murtaugh et al. in the Coronary Artery Risk Development in Young Adults (CARDIA) Study
demonstrated that prevalent microalbuminuria increased as blood pressure increased, even
between strata of optimal blood pressure (OR 1.74, 95% CI 1.09 - 2.77 for SBP 110-119 and
DBP 75-79 versus SBP<110 and DBP<75) after adjustment for age, sex, race, education and
diabetes. However, when diabetics were excluded, race-specific associations were attenuated
and the association between blood pressure and microalbuminuria among those with optimal
blood pressure was no longer significant [35].

The mechanism behind increased blood pressure and albuminuria is complex, but increases in
blood pressure may increase glomerular filtration, resulting in renal damage and subsequent
albuminuria, or it may be that albuminuria is a marker of generalized vascular damage and
endothelial dysfunction associated with blood pressure[12,24,42]. Albuminuria may also
adversely affect traditional cardiovascular risk factors or it may be a proxy for co-clustering
of risk factors [12,14,21]. Previous studies of blood pressure and albuminuria did not attempt
to determine the effects on albuminuria of blood pressure isolated from blood pressure effects
on atherosclerosis. Our study suggests that blood pressure does have effects on albuminuria,
even prior to the appearance of significant atherosclerosis. However, we can not exclude that
albuminuria may still be a marker of endothelial dysfunction associated with blood pressure.
Though previous studies have found an association between carotid IMT and microalbuminuria
among hypertensives[6,7], several other studies have demonstrated that the association was no
longer significant after adjustment for blood pressure [5,6,25,36,40], suggesting that the
association between carotid IMT and microalbuminuria was due more to a shared risk factor
(e.g. blood pressure) or co-clustering of risk factors[31]. When we stratified by prevalent CHD
and examined associations with marked carotid atherosclerosis and albuminuria, our results
demonstrated that the increased unadjusted association was no longer present after adjustment
for major confounders such as blood pressure, diabetes, and lipid levels. However, only
increasing blood pressure levels were consistently associated with carotid atherosclerosis
among those with and without CHD after adjustment for confounders. These results are
suggestive that the relationship of albuminuria with carotid atherosclerosis may be more a
reflection of shared and confounding risk factors rather than an independent association, though
blood pressure may still have independent effects on albuminuria. However, a recent study
found associations with both carotid and femoral artery atherosclerosis of urinary ACR to be
independent of major cardiovascular risk factors, including blood pressure [19]. If blood
pressure results in both atherosclerosis and microalbuminuria, it is difficult to determine if
blood pressure has effects on albuminuria beyond its effects on atherosclerosis. Blood pressure,
even high-normal levels, appear to be associated with albuminuria to a similar extent in those
with and without marked atherosclerosis and/or type 2 diabetes.

Additionally, the association in the population between decreased kidney function, as measured
by GFR, and the presence of kidney damage, as indicated by albuminuria, is not completely
understood, though albuminuria can precede the decline in GFR[13,48]. Our study determined
that only a moderate-severe decrease in GFR (<60mL/min/1.73m2) was significantly
associated with albuminuria (range of OR across risk categories: 2.27 to 6.37), compared to
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those with normal renal function (table 4). In our sample, mildly decreased GFR (60-89 mL/
min/1.73m2) was not associated with albuminuria after adjustment for all major risk factors.
Compared to normal renal function, in the NHANES III sample the unadjusted prevalence was
1.4 times greater among those with mildly decreased GFR and 4.2 times greater among those
with moderately decreased GFR[13], similar to our findings in table 2.

Recently, in the NHANES III population, microalbuminuria was also shown to be associated
with the metabolic syndrome (defined as the presence of 3 or more of the following risk factors:
elevated blood pressure, low high-density lipoprotein cholesterol level, high triglyceride level,
elevated glucose level, and abdominal obesity)[10]. However, the reported relationships of
microalbuminuria with the individual components of the metabolic syndrome have been
variable[44]. In our study, triglycerides, insulin, and fasting glucose were only predictive
among those with type 2 diabetes with similar effects by atherosclerosis status, after adjusting
for all cardiovascular risk factors including blood pressure (see table 2). In non-diabetics, these
factors were not associated with albuminuria regardless of atherosclerosis. Increased BMI had
a weakly protective association with albuminuria in non-diabetics, after adjustment for all other
measured factors.

Our study has several limitations. The study is cross-sectional and albuminuria was based on
a single spot urine albumin-to-creatinine ratio. It has been suggested estimating prevalence of
albuminuria using urinary ACR may be artificially elevated by low urinary creatinine among
persons with low muscle mass. However, within each sub-group of table 1, there was no
statistically significant difference of urinary creatinine concentration by albuminuric status,
demonstrating no significant differential effect within each of the risk categories. Additionally,
our analyses attempted to account for possible anthropometric differences by adjusting for
BMI. Clinical and subclinical atherosclerosis was measured using upper quartile of carotid
IMT and prevalent CHD. Additionally, it is not possible to define a group with absolutely no
atherosclerosis or endothelial dysfunction. Furthermore, there is a potential of not appropriately
classifying up to 3.9% of the study population as having marked atherosclerosis since they
only underwent carotid ultrasound at visit 3 (and not visit 4); however, sensitivity analysis
limited to individuals from visit 4 was comparable, suggesting the validity of our results.
Additionally, the relevant atherosclerosis may be that in the renal artery, and we are using
carotid IMT as a proxy for generalized atherosclerosis. However, our study is one of the largest
to examine the association of high normal blood pressure and albuminuria[24,35] and the first
to determine the association on albuminuria of blood pressure, in separation from the effects
of marked atherosclerosis.

In summary, blood pressure is associated with albuminuria, independent of type 2 diabetes and
marked atherosclerosis. Our results suggest that the relationship of blood pressure with
albuminuria is relatively continuous and graded, with even high-normal levels of blood
pressure associated with albuminuria. This study emphasizes the importance of blood pressure
management, even among normotensives, in order to minimize renal damage and
cardiovascular risk. Additionally, our study finds that blood pressure is associated with
prevalent albuminuria to a comparable degree between those with and without marked
atherosclerosis. Furthermore, the correlation of albuminuria (as an indicator of renal structural
damage) is only significantly associated with moderate-severely impaired levels of renal
function. In addition, the individual components of the metabolic syndrome are only associated
with albuminuria in type 2 diabetics (and not non-diabetics) in our sample, after adjusting for
blood pressure. Though albuminuria may still be a marker of generalized vascular damage and
endothelial dysfunction, our results suggest that the effects of blood pressure on albuminuria
are not solely mediated through generalized vascular damage, as represented by
atherosclerosis. Consistency of the finding across participants with and without diabetes and
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atherosclerosis supports the hypothesis that much of nephropathy is multifactorial with
common pathways across different diagnostic settings.
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Figure 1.
Distribution of Albumin-to-Creatinine Ratio (ACR) by Presence of Marked Atherosclerosis
and Type 2 Diabetes. Marked therosclerosis was defined as prevalent CHD or the upper quartile
of the carotid IMT distribution (race, gender, and visit-specific). The distribution of ACR
values was graphed on the natural log scale. Vertical lines correspond to cut-offs for
microalbuminuria (30μg/mg) and macroalbuminuria (300μg/mg). Prevalence (%) of
microalbuminuria and macroalbuminuria within each risk category is noted.

Hsu et al. Page 14

J Hypertens. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Adjusted prevalence of albuminuria by JNC6 blood pressure categories in those with and
without type 2 diabetes by atherosclerosis severity. Prevalence at each blood pressure level
was adjusted to the risk factor characteristics of all individuals within that diabetic and
atherosclerotic risk group. Adjustment was for age, race, gender, fasting glucose, fasting
insulin, BMI, smoking status, GFR <90, loge triglycerides, and HDL among those without
atherosclerosis (●), and also for prevalence of CHD among those with atherosclerosis (■).
Compared to optimal blood pressure:
Type 2 Diabetes, Marked Atherosclerosis: †P<0.05; ††P<0.01; †††P<0.001
Type 2 Diabetes, No Marked Atherosclerosis: * P< 0.05; **P<0.01; ***P<0.001

Hsu et al. Page 15

J Hypertens. Author manuscript; available in PMC 2010 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



No Diabetes, Marked Atherosclerosis: § P< 0.05; §§P<0.01; §§§P<0.001
No Diabetes, No Marked Atherosclerosis: ‡P< 0.05; ‡‡P<0.01; ‡‡‡P<0.001
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