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ABSTRACT

Background: Microalbuminuria is an early marker of atherosclerosis. Ethnic differences for both conditions have been reported. 
We studied microalbuminuria prevalence and its association with coronary artery calcification as an early atherosclerosis 
marker in a Mexican-Mestizo population free of diabetes and hypertension (healthy), as well as in hypertensive and diabetic 
subjects. Methods: In 1,472 adults (53.3 ± 9.4 years old, 50.3% women), anthropometric measurements, fasting blood glucose, 
and lipid profile were determined. A spot urine sample was used to quantify the albumin-to-creatinine ratio and to define mi-
croalbuminuria (20-200 mg/g in men, and 30-300 mg/g in women). A coronary artery calcification score was obtained by 
electron-beam computed tomography and subclinical atherosclerosis was defined as a score > 0. Results: Overall microalbu-
minuria prevalence was 9.3% (5.4% in healthy, 11.6% in obese, 12% in hypertensive, and 25% in diabetic subjects). Compared 
to “healthy” subjects without microalbuminuria, those with microalbuminuria had a ∼3-fold higher prevalence of coronary artery 
calcification > 0, while normal-high albumin-to-creatinine ratio (OR: 1.8; p < 0.05) and microalbuminuria (OR: 2.6; p < 0.001) 
was independently associated with coronary artery calcification > 0 only among diabetic subjects. Conclusions: Microalbumin-
uria and high-normal albumin-to-creatinine ratio were independently associated with subclinical atherosclerosis, suggesting that 
they may confer a higher risk of future cardiovascular events. (Rev Inves ClIn. 2016;68:262-8)
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Introduction

Kidney disease increases the risk of cardiovascular and 
all-cause mortality1,2. A moderate decrease in kidney 
function is also associated with subclinical atheroscle-
rosis3. In studies performed in different populations, 

microalbuminuria (MA), which is known to be associ-
ated with kidney disease, has been associated with an 
increased incidence of coronary artery disease (CAD) 
events, and elevated risk of all-cause and CAD mortal-
ity in diabetes mellitus (DM) and hypertensive (HT) 
patients, as well as individuals without these clinical 
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conditions4. The association between urinary albumin 
excretion and CAD has been observed at albumin-to-
creatinine ratios even below 30 mg per gram of creati-
nine, a value usually used to define microalbuminuria5,6.

Coronary artery calcification (CAC) is a specific mark-
er of the presence and magnitude of atherosclerosis7. 
This marker strongly correlates with histologically ath-
erosclerotic plaque area8. Moreover, CAC may be a 
predictor of future coronary events in asymptomatic 
patients9 and may be identified and quantified rap-
idly, easily, and non-invasively using computed tomog-
raphy<. Several studies have found an association be-
tween MA and subclinical atherosclerosis, defined by 
the presence of CAC10. However, ethnic variations in 
the prevalence of CAC11-14 as well as albuminuria15,16 
suggest that the degree of this association depends 
on the analyzed population. There have been no stud-
ies that analyze the relationship between MA and sub-
clinical atherosclerosis in Mexico. For this reason, our 
objective was to investigate the prevalence of MA and 
its association with subclinical atherosclerosis defined 
by the presence of CAC in a “healthy” (no evidence of 
DM or HT) Mexican-Mestizo population as well as 
type 2 diabetic and hypertensive patients. 

Methods

This investigation is part of the “Genetics of Athero-
sclerosis Disease” (GEA, for its initials in Spanish) study, 
designed at the National Institute of Cardiology Igna-
cio Chavez to examine the genomic basis of CAD and 
to evaluate its relationship with traditional and emerg-
ing cardiovascular risk factors in an adult Mexican 
population. The study included a group of 1,000 pa-
tients with CAD and a control group of 1,500 individu-
als without CAD, who were all between the ages of 
35-75 years and residents of Mexico City. Subjects 
from the control group were volunteers with no clini-
cal or family history of CAD, who attended the blood 
bank of the National Institute of Cardiology Ignacio 
Chavez or were invited via written messages placed in 
social service centers. Exclusion criteria included a his-
tory or clinical evidence of cancer, liver or kidney disease, 
or corticosteroid use. Urine samples were unavailable 
in 28 participants; therefore this report includes only 
1,472 control subjects. The GEA study was approved 
by the Ethics and Research Committee of the Na-
tional Institute of Cardiology Ignacio Chavez following 

the guidelines of the Declaration of Helsinki. All sub-
jects who participated in the study signed an informed 
consent form. 

Clinical methods

Every participant was asked to complete a standard-
ized questionnaire containing demographic informa-
tion, personal background of cardiovascular risk, dietary 
habits, physical activity, alcohol and tobacco consump-
tion, and use of medications. Weight (kg) and height (m) 
were recorded and body mass index (BMI) calculated 
as kg/m2. Waist circumference was measured at the 
midpoint between the bottom of the lowest rib and 
the iliac crest with an approximation of 0.5 cm. Blood 
pressure was measured three times using a Welch Al-
lyn digital sphygmomanometer after at least five min-
utes in a resting position. The average of the last two 
measurements was used for the analysis. 

Laboratory procedures

Each participant was told to avoid vigorous exercise or 
smoking the morning of the study and there should be 
no evident infections during the previous two weeks. 
Venous blood samples were collected after a 12-hour 
fasting and 20 minutes in a resting position. K2EDTA 
(1.8 mg/ml) plasma or serum were prepared by cen-
trifugation at 4° C at 2,500 rpm for 20 minutes. Total 
cholesterol (TC), triglycerides (TG), and high-density li-
poprotein cholesterol (HDL-C) concentrations were mea-
sured in plasma, while uric acid and creatinine were de-
termined in serum within three days after obtaining 
the sample. The measurements were made in a Hitachi 
902 automated analyzer (Hitachi LTD, Tokyo, Japan) 
using enzymatic-colorimetric reagents (Roche Diagnos-
tics, Mannheim, Germany). The reproducibility and re-
liability of the lipid and lipoprotein determinations were 
evaluated periodically by the Lipid Standardization 
Program of the Centers for Disease Control and Pre-
vention (LSP-CDC, Atlanta, GA, USA). Low-density li-
poprotein cholesterol (LDL-C) was estimated using 
the Friedewald formula as modified by De Long, et al. 
Albuminuria was determined in a spot urine sample 
that was kept at -70º C (boric acid 10 mg/ml) until 
analyzed by immunonephelometry in a BN ProSpec® 
nephelometer (Dade Behring, Marburg GmbH, Ger-
many). Creatinuria was determined by the Jaffe meth-
od in a Hitachi 902 automated analyzer (Hitachi LTD, 
Tokyo, Japan). Renal function was estimated with the 
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glomerular filtration rate (GFR)17, using the following 
formula: MDRD GF (ml/min/1.73 m2) = 186 × serum 
creatinine–1.154 × age–0.203 × 0.742(women only).

Computed tomography study

Coronary artery calcification and visceral (VAF) and 
subcutaneous (SAF) abdominal fat were quantified us-
ing an axial computed tomography scan. We used a 
64-channel multidetector scan (Somatom Sensation, 
Siemens) to obtain the images that were subsequent-
ly interpreted by a specialized radiologist. The VAF was 
quantified as described by Kvist, et al.18. The Agatston 
method was used to quantify CAC19. Subclinical ath-
erosclerosis was considered to be present when CAC 
levels exceeded zero Hounsfield units (CAC > 0).

Cardiovascular risk factor definitions

To classify the degree of albuminuria, we used the al-
bumin/creatinine ratio with the following cut-off points20: 
normal albuminuria (< 10 mg/g in men and < 15 mg/g 
in women), normal-high (10 to < 20 mg/g in men and 
15 to < 30 mg/g in women), microalbuminuria (20 to 
< 200 mg/g in men and 30 to < 300 mg/g in wom-
en), and macroalbuminuria (> 200 mg/g in men and 
> 300 mg/g in women). Hypertension was defined 
with systolic and/or diastolic blood pressure readings 
≥ 140/90 mmHg, or the use of antihypertensive med-
ication. Impaired fasting glycemia was defined as fast-
ing glucose levels between 100 and 125 mg/dl, while 
diabetes was considered when glucose levels were 
≥ 126 mg/dl, when there was a previous diagnosis, or 
the patient used hypoglycemic treatment. 

Statistical analysis

General characteristics of the population were report-
ed as mean ± standard deviation, median (interquartile 
range) or prevalences. Comparisons were performed 
using ANOVA, Kruskal-Wallis or chi-squared, as appro-
priate. Coronary artery calcification > 0 and the degree 
of albuminuria were analyzed as simple prevalence. To 
identify the independence of the association between 
these variables, a logistic regression analysis adjusted 
for age, gender, VAF, uric acid, LDL-C, HDL-C and glo-
merular filtration rate was performed. All p < 0.05 val-
ues were considered statistically significant. Statistical 
analysis was performed using SPSS, version 15.0 (SPSS 
Inc., Chicago, IL, USA).

Results

Our investigation included 1,472 subjects (50.3% wom-
en), with an average age of 53.3 ± 94 years and BMI 
of 28.5 ± 4.4 kg/m2. Hypertension was identified in 
25%, DM in 13.0%, and obesity in 31.7% of the pop-
ulation studied. Overall MA prevalence was 9.3%: 12.0% 
in subjects with HT, 25% in those with DM, 11.6% 
among obese, and 5.4% in “healthy” subjects. Clinical 
and biochemical characteristics of the population strat-
ified by albuminuria concentration are shown in table 1. 
Age, proportion of men, BMI, and waist circumference 
increased gradually and significantly as the value of 
urinary albumin increased. It is worth noting that the 
highest values of waist circumference present in MA 
subjects was determined by excess VAF, given that SAF 
showed no statistically significant differences across 
groups. In general, subjects with normal-high albumin-
uria and MA had a more adverse cardiometabolic pro-
file than those with normal degree of albuminuria. This 
profile was characterized by an HT prevalence twice as 
high, and a DM prevalence 3-4-times higher. These sub-
jects also presented higher LDL-C, TG, and uric acid 
levels, as well as lower HDL-C concentrations. This ad-
verse cardiometabolic profile was associated with a high-
er prevalence of subclinical atherosclerosis (23.7 vs. 33.8 
and 51.5%; p < 0.001). 

The association between microalbuminuria and sub-
clinical atherosclerosis (Fig. 1) was analyzed separately: 
“healthy” subjects (panel A), DM patients (panel B), and 
HT patients (panel C). As expected, DM and HT pa-
tients had a CAC > 0 prevalence twice as high as the 
“healthy” subjects and this prevalence increased gradu-
ally and significantly as albuminuria concentrations in-
creased in all three groups (p < 0.0001). The indepen-
dence of this association was investigated through a 
logistic regression analysis (Table 2) adjusted for age, 
gender, VAF, uric acid, LDL-C, HDL-C, GFR, and patients 
receiving angiotensin-converting enzyme inhibitors and 
angiotensin-receptor blockers (n = 128 and 82, respec-
tively). To exclusively analyze the effect of albumin-
uria, in each group, subjects with normal albuminuria 
were considered as the reference group. In healthy 
subjects, the independent risk of subclinical athero-
sclerosis was three times as high for subjects with MA. 
In DM patients, normal-high albuminuria was associ-
ated with an independent risk, 1.8-times higher, while 
MA showed a risk 2.6-times higher. These associa-
tions were not independent for HT patients (Table 2).
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Table 1. Clinical and biochemical characteristics of study population stratified by albuminuria concentration

Normal
n = 1176

(80%)

Normal-high
n = 143
(9.7%)

Microalbuminuria
n = 137
(9.3%)

Macroalbuminuria
n = 16
(1%)

p*

Age (years) 52.6 ± 9.2 55.7 ± 9.6 55.5 ± 10.0 57.9 ± 9.0 < 0.0001
Men (%) 46.1 55.9 70.8 75.0 < 0.0001
BMI (kg/m2) 28.3 ± 4.3 29.5 ± 4.5 29.4 ± 4.9 28.3 ± 3.5 < 0.01
Waist (cm) 94.1 ± 11.3 98.5 ± 11.5 98.3 ± 12.5 97.4 ± 9.5 < 0.0001
SAF (cm2) 296 ± 112 306 ± 116 282 ± 118 256 ± 99  0.182
VAF (cm2) 151 ± 61 181 ± 67 179 ± 71 186 ± 78 < 0.0001
SBP (mmHg) 115 ± 15 125 ± 21 130 ± 22 134 ± 19 < 0.0001
DBP (mmHg) 71 ± 8 75 ± 11 78 ± 12 7 7± 7 < 0.0001
HT (%) 20.9 39.9 41.6 50.5 < 0.0001
DM (%)   8.3 23.8 35.0 75.0 < 0.0001
Smoking (%) 21.9 22.4 23.5 31.3  0.814
LDL-C (mg/dl) 119 ± 31 120 ± 35 111 ± 31 111 ± 38 < 0.05
HDL-C (mg/dl) 47 ± 13 45 ± 13 43 ± 12 44 ± 8 < 0.05
TG (mg/dl) 144 (108-197) 162 (121-208) 167 (120-230) 183 (139-187) < 0.0001
UA (mg/dl) 5.6 ± 1.5 5.6 ± 1.6 6.0 ± 1.6 5.7 ± 1.7 < 0.05
GFMDRD (ml/min/1.73 m2) 90 ± 20 97 ± 26 91 ± 19 86 ± 25 < 0.05
Agatston (HU) 24 ± 137 34 ± 115 86 ± 259 189 ± 601 < 0.0001
CAC > 0 (%) 23.7 33.8 51.5 31.3 < 0.001

*ANOVA.
BMI: body mass index; CAC: coronary artery calcium; DBP: diastolic blood pressure; DM: diabetes; GFMDRD: glomerular filtration rate; HDL-C: High-
density lipoprotein cholesterol; HT: hypertension; LDL-C: low-density lipoprotein cholesterol; SAF: subcutaneous abdominal fat; SBP: systolic 
blood pressure; TG: triglycerides; UA: uric acid; VAF: visceral abdominal fat.
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Figure 1. Proportion of subjects with subclinical atherosclerosis (CAC > 0) in: A. Healthy subjects (without hypertension or dia-
betes mellitus) B. Subjects with diabetes mellitus, C. Subjects with hypertension without diabetes mellitus, by albuminuria 
concentration. chi-square.

Discussion

The results of this investigation demonstrate that 
the prevalence of MA in patients without diabetes or 
arterial hypertension is 5.4%, while this prevalence 
increased to 12.0, 25.0, and 11.6%, for HT, diabetic, 
and obese subjects, respectively. Our most important 

finding was identified in the logistic regression analy-
sis, adjusted for CAC confounding factors, including 
renal function. This analysis showed that even nor-
mal-high levels of albuminuria, and not MA exclu-
sively, may be associated with subclinical coronary 
atherosclerosis, defined as CAC > 0. Despite their 
expected higher cardiovascular risk, the finding of a 
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lower prevalence of CAC in the participants with mac-
roalbuminuria may be explained by the much smaller 
number of subjects in this subgroup, thus potentially 
biasing this observation toward the null.

Differences in renal albumin excretion have been re-
ported between Hispanic and Caucasian subjects10. 
Some studies have documented that MA is approxi-
mately twice as common in Hispanic populations of 
Mexican origin16,21. Our results are not consistent with 
these observations. The prevalence of MA in our healthy 
population was 5.4%, close to the 6% detected in the 
Framingham study performed on Caucasians with sim-
ilar clinical characteristics6. On the other hand, previ-
ous data showed MA in ~30% of patients with type 1 
or 2 DM22, which agrees with our finding of MA in a 
quarter of the DM patients in this investigation. 

Obesity is a condition with an important role in the 
development of MA. Epidemiologic studies have found 
an independent association between increased BMI 
and MA23. It has been suggested that excess visceral 
abdominal fat and the accompanying insulin resistance 
result in a state of oxidative stress and endothelial 
dysfunction that leads to MA24. In the PREVEND study, 
the prevalence of MA was 29.3% in obesity, while in 
normal-weight subjects it was 9.5%23. In the present 
study, the prevalence was 13.7 and 7.5%, respectively. 

Despite the fact that several studies have not found 
a significant relationship between MA and CAD25,26, 
many investigations have reported an independent 
association between these two conditions. Gerstein, 
et al.27 identified a relationship between MA and the 
presence of stroke, myocardial infarction, and cardio-
vascular mortality in patients with and without diabe-
tes. Other population-based studies have demonstrat-
ed an association of MA with a higher incidence of 

coronary events, as well as an elevated risk of car-
diovascular morbidly and mortality4,28,29. Further-
more, normal-high concentrations of urinary albumin 
have been reported to be independently and strong-
ly associated with coronary disease5, even in indi-
viduals without DM or HT6. Conversely, some30,31 
but not all intervention studies32 have observed that 
the incidence of cardiovascular events is reduced as 
albuminuria levels are decreased. Altogether, these 
findings show that the presence of MA may be as-
sociated with higher risk of cardiovascular events 
and mortality in high-risk patients, as well as those 
without DM or HT. 

Microalbuminuria has also been shown to be associated 
with subclinical atherosclerosis, defined by the presence 
of CAC10. In the multi-ethnic study of atherosclerosis 
(MESA) carried out in 6,814 adults, with an average age 
of 62.7 years and with no clinical manifestations of car-
diovascular disease, participants with MA and normal-
high levels of albuminuria exhibited a higher frequency 
of elevated CAC scores10. In a more recent, cross-sec-
tional study that included 1,318 asymptomatic sub-
jects, without DM or HT, high CAC values of 100-400 
and even > 400 Agatston units were significantly more 
common in subjects with MA33. Moreover, previous 
studies examined the influence of MA in the progres-
sion of coronary calcification. Subjects with MA were 
shown to have a higher degree of CAC progression 
even after adjusting for basal CAC and other con-
founding factors, in type 134 and 235 DM patients 
without clinical cardiovascular disease, followed during 
four years. The association between MA and the de-
velopment and progression of atherosclerosis was also 
investigated in MESA36. The authors found a signifi-
cantly higher risk in the incidence and progression of 
CAC in participants with MA. The results of the pres-
ent study performed in a Mexican-Mestizo population 

Table 2. Odds ratios (95% CI) for coronary artery calcification (> 0) by albuminuria concentration in healthy, diabetic, and 
hypertensive subjects

Normal
albuminuria

Normal-high 
albuminuria

Microalbuminuria p*

Healthy Referent 0.7 (0.4-1.5) 2.9 (1.5-5.8) < 0.05
Diabetes mellitus Referent 1.8 (1.09-3.1) 2.6 (1.5-4.6) < 0.001
Hypertension Referent 1.4 (0.9-2.4) 1.4 (0.7-2.6)  0.319

*Logistic regression analysis adjusted for age, sex, visceral abdominal fat, uric acid, low-density lipoprotein cholesterol, high-density lipoprotein 
cholesterol, glomerular filtration rate, and treatment with angiotensin-converting enzyme inhibitors and angiotensin-receptor blockers.
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are consistent with the findings of previous studies5,10 
when demonstrating that normal-high levels of albu-
minuria, as well as MA, may be associated with sub-
clinical coronary atherosclerosis, defined by the pres-
ence of CAC. These results were found even after 
adjusting for age, gender, visceral abdominal fat, uric 
acid, LDL-C, HDL-C, and GFR. This association was 
identified in apparently healthy subjects, as well as in 
patients with arterial hypertension and DM. Since the 
GEA study is currently in the follow-up stage, the ef-
fect of MA on the progression of atherosclerosis, as 
well as cardiovascular morbidity and mortality, may be 
established in the future. 

The mechanisms that take part in the association be-
tween MA and CAD are not well known. Some factors 
that associate MA with atherogenesis, such as low-
grade systemic inflammation37 and endothelial dys-
function38, have been identified. In addition, some au-
thors have suggested that albuminuria may be a sign 
of endothelial dysfunction that affects the vascular 
beds in the brain, eyes, heart, and kidneys39. Further-
more, they have suggested that MA may represent 
the renal manifestation of microvascular disease40 pro-
duced by a variety of hemodynamic, metabolic, and 
inflammatory processes. In the early stages of these 
conditions, microvascular alterations and MA are re-
versible by controlling the processes from which they 
originate. However, in later stages, the movement of 
albumin towards the arterial wall may result in an in-
flammatory response, accumulation of lipids, and de-
velopment of atherosclerosis41. The results of the pres-
ent and previous studies10,33 are consistent with the 
hypothesis that MA and normal-high levels of albu-
minuria reflect glomerular endothelial dysfunction. 
Therefore, albuminuria may be an important marker 
for the presence of coronary atherosclerosis and future 
cardiovascular events, even in individuals without dia-
betes or hypertension6.

Limitations

The authors of the present study recognize that the 
study has several limitations. First, as is the case with 
every cross-sectional study, our results cannot establish 
a cause-effect relationship. Second, albumin was quanti-
fied from a single urine sample. Previous studies have 
suggested that urinary albumin levels may have impor-
tant, intra-individual variability42. Nevertheless, measur-
ing the albumin/creatinine relationship from a single, 

random urine sample has been recommended because 
it is a simple procedure and the results often closely 
correlate with those obtained after collecting urine for 
24 hours43. Third, the subjects of the GEA study were 
volunteers and therefore may not fully or correctly 
represent the general population. However, due to the 
unlikelihood that the studied population knew their 
coronary vascular bed score, we expect the risk rela-
tionship to be similar to one obtained from a random 
sample. 

The results obtained in the present study allow us to 
identify the prevalence of microalbuminuria in the Mex-
ican-Mestizo population. They also confirm that nor-
mal-high levels of urinary albumin and the presence of 
MA are associated with subclinical coronary athero-
sclerosis in arterial hypertension and DM patients, as 
well as in healthy subjects. The ongoing monitoring of 
the GEA study’s subjects will allow us to identify the 
usefulness of MA in the prediction of cardiovascular 
events in the studied population.
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