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Background and objectives: Although albumin excretion rates have been related to cardiovascular morbidity and mortality
in both diabetic and nondiabetic adults, little is known about the relation between albuminuria and either cardiovascular risk
factors or the insulin resistance syndrome in adolescents. A normal range for albumin excretion in adolescents was established, correlations between albumin excretion and cardiovascular risk factors were evaluated, and albumin excretion in
normal adolescents was compared with that in type 1 diabetes mellitus adolescents.
Design, setting, participants, & measurements: Albumin excretion rate was measured in 368 normal and 175 diabetic
adolescents. Multiple regression analysis was used to predict the relation of age, sex, Tanner stage, body mass index, and
systolic blood pressure to albumin excretion in both cohorts. In addition, correlations between albumin excretion and age,
blood pressure, body mass index, lipids, and measurements of insulin resistance were performed in the normal adolescents.
Results: Mean albumin excretion was significantly lower in normal adolescents (4.0 g/min) than in type 1 diabetic adolescents
(5.0 g/min). Albumin excretion increased with age in diabetics. Albumin excretion did not significantly correlate with any measure
of cardiovascular risk or insulin resistance but did significantly correlate with fasting insulin.
Conclusions: Albumin excretion rate is not related to insulin resistance or traditional cardiovascular risk factors in adolescence
but is related to fasting insulin. Diabetic adolescents have increased albumin excretion compared with normal adolescents.
Clin J Am Soc Nephrol 3: 998 –1005, 2008. doi: 10.2215/CJN.04631007

M

Published online ahead of print. Publication date available at www.cjasn.org.

Studying the factors associated with cardiovascular risk is
becoming increasingly relevant in children. The relation
among childhood obesity, lipids, blood pressure (BP), and
fasting insulin (12) and their tracking into adulthood (13) are
well known. Recent epidemiologic studies in children have
shown a high prevalence of the metabolic syndrome in childhood (14), and the presence of target organ vascular disease
in the form of arterial plaques and fatty streaks (15) and
increased carotid intima media thickness (16) has been established in children and young adults. Thus, it seems reasonable to suggest that early changes in AER might be detectable in children in association with obesity or other
cardiovascular risk factors known to be related to development of adult disease.
The present study was conducted in a cohort of healthy 11- to
17-yr-old children participating in a longitudinal study of obesity and insulin resistance and compares them to a cohort of
adolescents of the same age with type 1 diabetes mellitus
(T1DM). In addition to determining the relation of AER to
cardiovascular risk factors in the normal cohort of children, this
report presents normal reference data for AER in a North
American population.
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Materials and Methods

icroalbuminuria (MA) is a significant predictor of
both future kidney disease (1–3) and mortality (4) in
patients with diabetes, and elevated levels of urinary
albumin excretion have been shown to predict cardiovascular
disease and all-cause mortality in adult nondiabetic hypertensive
patients (5) and in the general adult population (6 – 8). However,
the role of elevated albumin excretion rate (AER) as an early
marker of cardiovascular risk in children has not been as well
studied. Recent studies have found that 10% of obese children
have elevated albumin/creatinine ratios (ACR) (9), obese children
with elevated ACR have impaired glucose tolerance compared
with obese children without elevated ACR (9), and 37% of obese
children with the metabolic syndrome have elevated ACR, compared with 20% of obese children without the metabolic syndrome
(10). A Hungarian study has shown that obese children have
significantly higher ACR in association with fasting hyperinsulinemia, impaired glucose tolerance, and hypercholesterolemia than
nonobese children (11).
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Normal Cohort
The normal cohort was randomly selected after screening of Minneapolis public school students for participation in a longitudinal study of
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the predictors of cardiovascular disease, the insulin resistance (metabolic) syndrome and type 2 diabetes, as described previously (17,18). Of
357 subjects examined at the first visit, 3 were excluded from analysis
because of missing AER data. Thus, baseline studies were conducted in
354 participants at age 13.0 ⫾ 1.7 yr, and the studies were repeated in
292 at age 15.0 ⫾ 1.2 yr.
Anthropometric and BP data were obtained at each evaluation in a
clinic dedicated to the study. Height was measured by a wall-mounted
stadiometer. Weight was measured by a balance scale. BP was measured twice on the right arm using a random-zero sphygmomanometer
with participants seated; the average of the two measurements (systolic
and 5th phase Korotkoff diastolic) was used in the analyses. Tanner
staging was assessed by a pediatrician, with children divided into
Tanner stages according to pubic hair development in boys and breast
and pubic hair development in girls.
Euglycemic insulin clamp studies were conducted in the University
of Minnesota Clinical Research Center as described previously (17).
Subjects were admitted after a 10-h overnight fast. An intravenous
catheter was inserted into an arm vein for infusion of potassium phosphate, insulin, and glucose. A contralateral vein was also cannulated
for blood sampling, and the hand was placed in a heated box (65°C) to
arterialize venous blood for measurement of glucose. Insulin was infused at a rate of 1 mU/kg per min for 3 h. An infusion of 20% glucose
was adjusted to maintain plasma glucose at 100 mg/dl (euglycemia).
Insulin sensitivity was determined from the amount of glucose required to maintain euglycemia over the final 40 min of the clamp and
is expressed as Mlbm (glucose used per kilogram lean body mass per
minute). Higher values of Mlbm correspond to greater insulin sensitivity. Blood samples for serum insulin, triglycerides, and high density
lipoprotein-cholesterol (HDL-C) were obtained at baseline (before starting the insulin infusion). Plasma glucose was measured at baseline and
every 5 min during the clamp. Lean body mass, or fat-free mass, was
calculated by the skinfold formula method of Slaughter et al. (19) and
adjusted to DEXA values according to equations derived from studies
in same-age siblings of the present cohort, as previously published (20).
Blood samples were analyzed for glucose immediately at the bedside
with a Beckman Glucose Analyzer II (Beckman Instruments, Fullerton,
CA). Insulin levels and serum lipids were determined in the laboratory
of the Fairview-University Medical Center, as previously reported (17).
C-reactive protein (CRP) was measured in the laboratory of Dr Russell
Tracy by an ultrasensitive colorimetric competitive enzyme-linked immunosorbent assay, as described previously (21). The coefficient of
variation for this assay is 5.14%. The expected normal range is 0.18 to
5.05 mg/dl.
Subjects were classified as having the metabolic syndrome if they met
three of the following five pediatric criteria: serum triglycerides ⱖ110
mg/dl, HDL-C ⱕ40 mg/dl, fasting glucose concentration ⱖ110 mg/dl,
waist circumference ⱖ90th percentile (sex and age specific), and systolic BP ⱖ95th percentile for sex, age, and height.

T1DM Cohort
The type 1 diabetic cohort were participants in the Natural History of
Diabetes Study, a 5-yr multinational, multicenter study to determine
the relation of changes in clinical and laboratory variables with changes
in renal function and structure, the latter assessed in two renal biopsies
separated by 5 yr (22). Subjects were referred by their local clinic and
subsequently enrolled by the local study coordinator. Subjects were
examined quarterly for 5 yr. A total of 175 subjects had at least one
study visit between ages 11 and 17. Tanner staging was performed by
a pediatric endocrinologist. At each quarterly visit, BP and hemoglobin
A1C were measured and a timed overnight urine was collected. BP was
measured with a Dinamap oscillometer. The average of the second and
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third of the three measurements was used for data analysis. A1C was
measured by high performance liquid chromatography. Subjects also
had yearly determination of GFR by iothalamate, iohexol, or inulin
clearance as detailed previously (22).

Urine Albumin Excretion Measurement
Measurement of urinary albumin from both cohorts was performed
in the same reference laboratory, as described previously (23), on timed
overnight urine collections. Samples were stored at ⫺70°C until analysis by fluorescent immunoassay. The interassay coefficient of variation
was 6.7% and 12.6% at 14.9 and 1.9 mg/L, respectively.

Definition of Elevated AER
Elevated AER was defined as greater than the 95th percentile of the
normal cohort’s AER distribution, which corresponds to 3.08 on the log
scale. When back transformed from the logarithmic scale, this corresponded to 20.8 g/min.

Statistical Analysis
Data are presented as mean ⫾ SD for untransformed data; a P value
of ⱕ0.05 was considered significant. The CRP and AER data were not
normally distributed and were log-transformed before analysis. The
logarithmic mean and confidence intervals were back transformed and
are reported as the geometric mean and confidence intervals.
Multiple linear regression using a repeated measures analysis (SAS
Proc Mixed) was used to examine predictors of AER, with AER as the
dependent variable and systolic BP, body mass index (BMI), age, gender, and Tanner stage as the independent variables. Because age and
Tanner stage are highly correlated, we also ran models including age or
Tanner stage separately. In the T1DM model, A1c and diabetes duration were also included as predictors. Models were run separately in
each cohort, and then a combined model with study cohort (healthy or
T1DM) as a predictor was run to examine whether patterns differed
significantly across cohorts. Proc GLIMMIX was used to examine elevated AER (as defined above) as a binary outcome. All analyses were
performed using SAS software version 9.1 (SAS Institute, Cary, NC).
Because the T1DM subjects had more study visits than the healthy
subjects, we compared the healthy and T1DM cohorts in two sets of
analyses. In the first analysis, we used only the first visit from years 1
and 3 of T1DM to match the two visits, separated by two years, in the
healthy cohort. The second analysis used all available visits from the
T1DM subjects (maximum of 20) to maximize their clinical information.
Because the results did not differ in regard to the predictors of AER
between the two analyses, we present the results using the full T1DM
dataset.

Results
Cohort Demographics
Both the normal and T1DM cohorts were predominantly
white (80% and 97%, respectively). A parental history of hypertension was more common in the normal subjects (21%)
versus the T1DM subjects (13%, P ⫽ 0.02). None of the normal
cohort was on any medications, and none of the T1DM cohort
was on any antihypertensive medications. The baseline characteristics of the two cohorts are shown in Table 1. The T1DM
subjects were slightly older and at a more advanced Tanner
stage than the normal subjects, and they were thinner and had
higher systolic BP. It should be noted, however, that the T1DM
subjects had their BP measured by a Dinamap, which has been
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Table 1. Demographic characteristics of study cohort
Baseline Visit (mean age 13)

N
Female (%)
Age (yr)
BMI (kg/m2)
SBP (mmHg)
Tanner stage
DM (yr)
A1c

Normal

T1DM

Pa

354
156 (44%)
13.0 ⫾ 1.2
22.0 ⫾ 4.7
108 ⫾ 9
3.5 ⫾ 1.3
NA
NA

175
95 (54%)
13.5 ⫾ 2.0
21.2 ⫾ 3.3
112 ⫾ 9
3.7 ⫾ 1.2
6.9 ⫾ 3.3
8.8 ⫾ 1.5

0.03
0.0001
0.008
0.0001
0.04
NA
NA

BMI, body mass index; SBP, systolic blood pressure; DM,
diabetes mellitus; NA, not applicable.
a
Adjusted for age, sex, BMI, SBP, and Tanner stage

shown to record higher systolic BP than that obtained by auscultation (24).

AER
The geometric mean and 95% CI for AER in the two cohorts
are shown by age in Table 2. Age was not related to AER within
Tanner stage categories (data not shown). The correlation between the two measurements of logAER in the normal subjects
was 0.33 (P ⬍ 0.0001). The corresponding correlation (time
matched) in the T1DM subjects was 0.40 (P ⬍ 0.0001). The
intraclass correlation for all 20 measurements in the T1DM
cohort was 0.31.
The overall unadjusted geometric mean AER was 3.6 (2.9
to 4.4) g/min in the normal cohort and 5.5 (5.0 to 6.1) in the
T1DM cohort (P ⬍ 0.0001). In multivariable analysis within
the normal cohort, including Tanner stage, sex, age, systolic
BP, and BMI, only Tanner stage was a significant predictor of
log(AER). In contrast, multivariable analysis of the T1DM
cohort showed that systolic BP, BMI, Tanner stage, and A1C
were significant predictors of log(AER), whereas sex, age,
and diabetes duration were nonsignificant predictors. The
geometric mean AER of the normal cohort remained significantly lower than the T1DM cohort after adjustment for age,
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sex, Tanner stage, systolic BP, and BMI (4.0 versus 5.0, P ⫽
0.01).
Figures 1 and 2 describe the AER of the two cohorts by age
and Tanner stage. There was no significant change in AER from
ages 11 to 17 in the normal cohort (slope for line ⫽ ⫺0.04, P ⫽
not significant). In contrast, the AER in the T1DM cohort increased significantly over the same age range from 3.8 g/min
at age 11 to 5.8 g/min at age 17 (slope for line ⫽ 0.04, P ⫽
0.03). The slopes of the two lines were significantly different
(P ⫽ 0.007). The difference in mean AER between the two
cohorts reached statistical significance at age 14 and remained
significant through age 17. The analysis of Tanner stage was
restricted to ages 11 to 14 because beyond age 14 there was little
variation in Tanner stage. AER increased with Tanner stage in
both cohorts.
To further investigate the effect of diabetes duration on the
age versus AER relationship, we performed a subset analysis
after categorizing the diabetic subjects into short or long duration based on the median diabetes duration at enrollment (median, 5.8 yr; range, 1.8 to 16.6 yr). The mean AER (adjusted for
age, sex, BMI, and systolic BP) in short and long duration
diabetics was 5.6 and 4.9 g/min, respectively (P ⬎ 0.05). The
normal subjects mean AER was significantly lower than either
duration group (P ⬍ 0.05). When the relationship between age
and AER was examined in the diabetic subgroups, the slope for
short duration was 0.02 (P ⫽ not significant). The slope for long
duration was 0.06 (P ⫽ 0.02).

Relation of AER to GFR
GFR was measured only in the diabetic cohort. The correlation between GFR and AER for the entire T1DM cohort was 0.1
(P ⫽ 0.02). When the analysis was restricted only to elevated
AER (⬎20.8 g/min), no significant correlation was seen.

Relation of AER to CV Risk Factors/Metabolic Syndrome
AER was not significantly correlated with BMI, systolic BP,
fasting glucose, triglycerides, HDL-C, low density lipoprotein,
or total cholesterol in the normal cohort subjects (Table 3). AER
was also not significantly related to insulin sensitivity (Mlbm,)
but there was a significant weakly positive correlation with

Table 2. AER geometric mean (95% CI) by agea
Healthy Cohort
Age (yr)
No. of Samples

11
12
13
14
15
16
17
a

36
102
129
148
133
59
39

Diabetic Cohort

AER (g/min)

4.5
3.9
4.4
4.2
3.6
2.9
3.6

(3.1–6.4)
(3.0–4.9)
(3.6–5.4)
(3.4–5.0)
(2.9–4.5)
(2.1–4.0)
(2.5–5.1)

Adjusted for sex, visit, BMI, and SBP.
P for difference between cohorts in subjects of same age.

b

No. of Samples

105
194
289
361
353
351
292

AER (g/min)

3.7
4.4
4.8
5.5
5.9
5.9
5.8

(2.8–4.8)
(3.6–5.3)
(4.1–5.6)
(4.8–6.3)
(5.1–6.7)
(4.9–6.8)
(4.9–6.7)

Pb

⬎0.05
⬎0.05
⬎0.05
0.03
0.002
0.001
0.02
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Table 3. Correlation between AER and measures of CV
risk and insulin resistance in the normal cohort,
adjusted for age, sex, and ethnicity

Figure 1. Mean AER adjusted for sex, visit, age, systolic BP, and
BMI. Slope for healthy cohort ⫽ ⫺0.04, P ⫽ not significantly
different from zero; slope for T1DMs ⫽ 0.04, P ⫽ 0.03; slopes
are significantly different from each other, P ⫽ 0.007.

SBP
BMI
Insulin sensitivity
Fasting insulin
Fasting glucose
Cholesterol
HDL-C
LDL-C
Triglycerides
CRP

R

P

0.06
⫺0.03
⫺0.01
0.09
0.03
⫺0.08
⫺0.05
⫺0.08
0.03
⫺0.09

0.16
0.43
0.73
0.03
0.20
0.07
0.25
0.07
0.44
0.02

SBP, systolic blood pressure; BMI, body mass index; HDLC ⫽ high-density lipoprotein-cholesterol; LDL-C, low-density
lipoprotein-cholesterol; CRP, C-reactive protein.

Discussion
Figure 2. Restricted to ages 11 to 14 yr. Mean AER adjusted for
sex, visit, systolic BP, and BMI. Slope for healthy cohort ⫽ 0.08,
P ⫽ 0.03; slope for T1DM cohort ⫽ 0.08, P ⫽ 0.03; slopes are not
significantly different from each other.

fasting insulin levels (r ⫽ 0.09, P ⫽ 0.03) and a significant
weakly negative correlation with logCRP (r ⫽ ⫺0.09, P ⫽ 0.02)
To further investigate the relation between albumin excretion
and cardiovascular risk in childhood, we compared AER of
children in the normal cohort with the metabolic syndrome
(n ⫽ 24 [7%] at visit 1 and n ⫽ 20 [7%] at visit 2) to the
remaining normal children. There was no significant difference
in the AER between the two groups at either visit (P ⬎ 0.05).

Elevated AER
There were 30 subjects (8%) in the normal cohort with an
elevated AER (i.e., ⬎20.8 g/min), but only 3 (0.8%) had an
AER ⬎20.8 g/min at both visits. When two visits two years
apart (similar to the 2-yr separation in the normal cohort visits)
were examined in the T1DM subjects, 11% had AER ⬎20.8
g/min and none had an elevated AER at both visits. When all
available visits were used (maximum of 20), 75 (43%) of the
T1DM subjects had at least one specimen with AER ⬎20.8
g/min and 37 (21%) had 2 or more urine specimens ⬎20.8
g/min. The diabetic subjects with any elevated AER had
significantly higher systolic BP (116 versus 113 mmHg, P ⬍
0.0001) and BMI (22.6 versus 22.3 kg/m2, P ⫽ 0.01) than those
without elevated AER, but diabetes duration (8.2 versus 8.0 yr,
P ⬎ 0.05) and A1C (8.9 versus 9.0%, P ⬎ 0.05) did not differ.
There were no significant predictors of elevated AER by multivariable analysis in either cohort.

This study provides normal ranges for albumin excretion in
11- to 17-yr-old North American children and shows that AER
in adolescence is not significantly related to age, body size
(BMI), insulin resistance, or the cardiovascular risk factors associated with the insulin resistance syndrome (BMI, systolic BP,
triglycerides, HDL-C).
Previous studies in normal adolescents have varied with
regard to normal ranges and the significant predictors of AER.
The results of those studies are summarized in Table 4 (25–31).
Our results appear to be in closest agreement with those of 7- to
18-yr-old Italian children whose AER was not predicted by age
or gender (27). In contrast to our findings, two studies report
AER to be significantly related to body size (27–29) and three to
age (26,28,29). However, those studies had a broader age range
than the present study, and none reported results separately for
the adolescent age group. Albumin excretion is known to vary
among ethnic groups (32), and the results from prior studies
conducted in Europe/Australia may not be directly applicable
to North American adolescents.
We did not find sex to be a significant predictor of AER in
either cohort, in contrast with studies in adults showing AER
and MA to be higher in males (33,34). Our findings are consistent with other studies in both healthy and T1DM children
(35–38). Reasons for these differences between adolescents and
adults can not be deduced from the present study but may be
related to changes associated with additional maturation and
the earlier appearance of cardiovascular risk in males.
In the present study, 8% of the healthy cohort had AER ⬎20.8
g/min, but only 0.8% of subjects had an elevated AER on
more than one occasion. This shows that sporadic elevations
can be seen in healthy adolescents and are unlikely to represent
early disease. However, the predictive value of elevated AER
beginning in childhood has not been studied.
Few studies have addressed the relation of MA or AER to
insulin resistance or the metabolic syndrome in children. This
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Table 4. Summary of previous studies examining AER in normal children
Age (yr)

N

7–19
10–18

281
143

Italy
Norway

4–16

374

England

4–16

528

England

2–18

1022

8–14
18–20

690
41

a

Location

Spain
Australia
United States

Mean AER (upper 95% CI)

2.3 g/mina (6.9)
4.7 g/min (15.1)
13–18 yr: 5.8 (20.4)
Male: 2.77 g/min per 1.73 m2 (9.9)
Female: 2.98 g/min per 1.73 m2 (10.1)
0.98–4.17 ng/min;
11–16 yr: 2.1–4.2 ng/min
2.3–3.4 g/min (4.5–6.4);
10–18 yr: 3.1–3.4 g/min (6–6.4)
2.3 g/mina (7.2)
Not stated (7.6)

Predictors

None (27)
Yes: Tanner stage (female
only) (25)
Yes: age (26)
Yes: age, height, weight,
Tanner stage (29)
Yes: Age, height, weight (28)
Not studied (30)
Not studied (31)

Median.

study did not show a significant relation with insulin resistance, measured by the euglycemic insulin clamp, or with the
metabolic syndrome or any of the individual factors comprising
the syndrome. Studies in obese children have reported conflicting results, with both a greater prevalence of increased ACR in
individuals meeting World Health Organization criteria for the
metabolic syndrome (11) and lack of a relation of ACR to either
the metabolic syndrome or the individual risk factors (10).
However, other studies have shown an association for ACR
with impaired glucose tolerance (9,10) and higher insulin levels. This is in concert with the findings in the present study of
a significant association between AER and fasting insulin, supporting a possible early relation between AER and impaired
insulin metabolism.
In contrast, there have been a number of studies in adults
relating albuminuria to the metabolic syndrome or its components. There is a general consensus that hypertension, dyslipidemia, central obesity, and BMI are associated with MA (39 –
45) independent of blood glucose. MA is associated with
cardiovascular and all-cause mortality (46), and urinary albumin excretion, even within normal levels, is correlated with
development of cardiovascular disease (47). Data from
NHANES III (44) and others (45,48) have shown a significant
association between MA and the metabolic syndrome but lack
of an association with insulin resistance (42,45,49). Similar to
our findings in children, other adult studies have shown a
relation between MA and fasting insulin but not with insulin
resistance (49).
We also showed a weak inverse correlation between AER
and CRP. This was unexpected, based on the usual relation
between inflammation and cardiovascular disease, and not explained by this study.
Albuminuria is a predictor of future diabetic nephropathy
(1,2,3,50) and cardiovascular disease in adult diabetic patients
(4). The present study shows that, despite AER levels within the
normal range, AER in the T1DM adolescent cohort was significantly higher than the cohort of normal adolescents. Results
from previous studies comparing T1DM and nondiabetic children have varied. A study at mean age 10 yr and mean duration

of diabetes 3.8 yr found no difference in overnight AER compared with a control group (37), and similar AER results were
also found in a study using timed 3-h morning collections (51).
Studies in slightly older diabetic children (mean age 13 yr) with
longer diabetes duration (5 and 7 yr respectively) found higher
AER in the T1DM children (52,53), and similar results were
found in 24-h urine collections (54,55).
Age was related to AER in T1DM, although this seemed to be
mediated through diabetes duration. A previous study has
shown that when duration of diabetes was accounted for, subjects older than 12 had significantly higher AER than those
younger than 12 yr (53). Age was not related to AER in the
healthy cohort. In addition, AER was related to Tanner stage in
both the healthy and the T1DM cohorts. A previous study
showed that Tanner stage was related to AER in T1DM girls but
not boys (52), but we were unable to confirm this (data not
shown), perhaps because of a lack of power.

Conclusion
T1DM adolescents show evidence of elevated renal albumin
excretion well before they meet criteria for MA. The overall
AER was greater than that of healthy teens and increased with
age, suggesting that the underlying diabetic renal structural
damage is ongoing. This implies we may be missing an opportunity to prevent kidney damage by waiting until a diabetic
teenager meets the definition of MA (56) to initiate therapy,
rather than introducing prophylactic strategies early in life.
However, as shown in this analysis and in a previous analysis
of the same T1DM cohort (57), the level of AER in a given
patient varies over time. Thus, additional longitudinal data will
be needed to assess the usefulness of preadult MA to predict
cardiovascular and renal outcomes.
AER in normal adolescents is not related to insulin resistance,
but it may be weakly related to hyperinsulinemia. Whether this
is the result of insulin’s effects on renal vasculature, endothelial
dysfunction, or another mechanism is not known. Because of
the very low levels of AER at this age, the important implication is that there appears to be great potential for preventing
significant kidney damage if strategies to control obesity and
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other risk factors that might be related to hyperinsulinemia are
instituted early in at-risk individuals. As noted above, because
of the variability in AER excretion, this also will need to be
validated with additional longitudinal studies.
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