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Abstract
OBJECTIVE—The goal was to determine the association between cardiovascular risk factors and
microalbuminuria in a nationally representative sample of adolescents and to determine whether
being overweight modifies this association.

METHODS—We analyzed cross-sectional data from the National Health and Nutrition
Examination Survey(1999–2004) for 2515 adolescents 12 to 19 years of age. Cardiovascular risk
factors included abdominal obesity, impaired fasting glucose, diabetes mellitus, insulin resistance,
high triglyceride levels, low high-density lipoprotein cholesterol levels, hypertension, smoking,
and the metabolic syndrome. Microalbuminuria was defined as a urinary albumin/creatinine ratio
of 30 to 299 mg/g in a random morning sample. Overweight was defined as BMI of ≥95th
percentile, according to the Centers for Disease Control and Prevention 2000 growth charts.

RESULTS—Microalbuminuria was present in 8.9% of adolescents. The prevalence of
microalbuminuria was higher among nonoverweight adolescents than among overweight
adolescents. The median albumin/creatinine ratio decreased with increasing BMI z scores. The
association of microalbuminuria with cardiovascular risk factors differed according to BMI
category. Among nonoverweight adolescents, microalbuminuria was not associated with any
cardiovascular disease risk factor except for overt diabetes mellitus. Among overweight
adolescents, however, microalbuminuria was associated with impaired fasting glucose, insulin
resistance, hypertension, and smoking, as well as diabetes mellitus.

CONCLUSION—For the majority of adolescents, microalbuminuria is not associated with
cardiovascular risk factors. Among overweight adolescents, however, microalbuminuria is
associated with cardiovascular risk factors. The prognostic importance of microalbuminuria in
overweight and nonoverweight adolescents with regard to future cardiovascular and renal disease
needs to be defined in prospective studies conducted specifically in children.
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The prevalence of childhood obesity has tripled since the middle 1980s and continues to
increase.1,2 Overweight children and adolescents are thought to be at greater risk for earlier
onset of cardiovascular and renal diseases in adulthood, which represents a major public
health concern.3

Obesity and its metabolic consequences lead to endothelial dysfunction and cardiovascular
disease.4 Increased urinary albumin excretion (microalbuminuria) is a marker of endothelial
dysfunction and reflects renal and systemic endovascular damage.5–7 Microalbuminuria,
which was originally used to predict the development of overt diabetic nephropathy in
patients with diabetes mellitus,8–10 is now also considered to be an early marker of renal
damage in nondiabetic subjects11 and an independent predictor of future cardiovascular
disease in the general adult population.12–17 Indeed, some authors have even advocated
screening for microalbuminuria and using it as a therapeutic target for identification and
treatment of patients at increased risk for future cardiovascular disease.18–20

The association between cardiovascular risk factors and microalbuminuria in children is
unclear, and previous studies came to seemingly discrepant conclusions. Studies with
referral-based populations of overweight adolescents found that cardiovascular risk factors
increased the risk for microalbuminuria,21–23 similar to findings observed among adults.
However, studies with community-based populations found that overweight adolescents
(with presumably more coexisting cardiovascular risk factors) actually had lower prevalence
of microalbuminuria.24,25 To clarify this issue, we set out to determine how weight and
cardiovascular risk factors were related to microalbuminuria in a large, nationally
representative sample of adolescents in the United States. On the basis of the literature
reports described above, we hypothesized that the relationship between cardiovascular risk
factors and microalbuminuria might differ among overweight and nonoverweight
adolescents.

METHODS
Study Design and Population

We used cross-sectional data collected from the 1999 to 2004 National Health and Nutrition
Examination Survey (NHANES), a complex-sample survey designed to collect data on
health and nutrition from a representative household population in the United States.26

Certain populations (such as adolescents and racial/ethnic minorities) were oversampled, to
improve estimates for those groups.

The 1999 to 2004 NHANES data included 2593 adolescents (12–19 years of age) who had
fasted for 8 to 24 hours. We excluded 33 adolescents who were pregnant, because waist
circumference measurements and BMI values for this group would not reflect adiposity
accurately; 22 adolescents who were missing BMI data, because subsequent subgroup
analyses were based on BMI values; and 23 adolescents with macroalbuminuria (urinary
albumin/creatinine ratio of ≥300 mg/g), because albuminuria in this group may reflect
primary renal disease, such as minimal-change disease. Therefore, data for 2515 adolescents
were available for our final analysis.
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Measures and Data Collection
General Examination—Participants were invited to take part in a standardized, in-home,
medical interview. Those who completed the interview were invited to mobile examination
centers for the physical examination component of the survey. Age was determined at the
time of examination. Race/ethnicity was determined by self-report, and participants were
categorized as non-Hispanic white, non-Hispanic black, Hispanic, or other. BMI was
calculated as weight (in kilograms) divided by height (in centimeters) squared. Waist
circumference was measured above the uppermost lateral border of the right ilium, at the
end of normal expiration, to the nearest millimeter. Blood pressure was measured with a
mercury sphygmomanometer, by using the American Heart Association guidelines.27 Up to
4 blood pressure measurements were recorded. When >1 blood pressure measurement was
available, the average systolic and diastolic blood pressures were calculated.

Laboratory Analyses—During the examination, blood and urine specimens were
collected and stored by using a standardized protocol.28 Fasting serum triglyceride levels
were measured enzymatically after hydrolysis to glycerol. Fasting plasma glucose levels
were measured with the modified hexokinase enzymatic method. The method with which
fasting serum insulin levels were measured changed between the NHANES in 1999 to 2002
and the NHANES in 2003 to 2004. Insulin values were adjusted to make the 2 methods
comparable by using the linear regression formula published for the NHANES.29 High-
density lipoprotein (HDL) cholesterol levels were measured by using the heparin-manganese
precipitation method. Serum levels of cotinine (a metabolite of nicotine) were measured
with high performance liquid chromatography/atmospheric-pressure chemical ionization
tandem mass spectrometry.

A random morning urine specimen was collected during the examination. Urinary albumin
concentrations were measured with a solid-phase fluorescent immunoassay. Urinary
creatinine levels were measured with the Jaffe rate reaction method, by using a CX3
analyzer (Beckman Instruments, Brea, CA). The urinary albumin/creatinine ratio was
expressed as milligrams of albumin per gram of creatinine.

Definition of Cardiovascular Risk Factors
The metabolic syndrome was defined by using the recommendations of the National
Cholesterol Education Program Adult Treatment Panel III, modified for age. Participants
with ≥3 of the following criteria met the definition of the metabolic syndrome: abdominal
obesity, hypertension, high triglyceride level, low HDL cholesterol level, impaired fasting
glucose, or diabetes mellitus. Abdominal obesity was defined as a waist circumference of
≥90th percentile for age and gender30 or as meeting Adult Treatment Panel III criteria (>88
cm for women and >102 cm for men). The Adult Treatment Panel III criteria were added
because some adolescents who met the adult criteria for abdominal obesity were still in
<90th percentile for age and gender. Hypertension was defined as an average systolic or
diastolic blood pressure of ≥95th percentile for age, gender, and height31; self-reported
history of hypertension; or history of antihypertensive medication usage. For adolescents
≥18 years of age, hypertension was defined by using the Adult Treatment Panel III criterion
(blood pressure of ≥130/85 mm Hg). A high triglyceride level was defined as a fasting
serum triglyceride level of ≥95th percentile for age and gender.32 A low HDL cholesterol
level was defined as a HDL cholesterol level of ≤5th percentile for age and gender.32

Impaired fasting glucose was defined as a fasting plasma glucose level between 100 and 125
mg/dL without a history of diabetes mellitus.33 Diabetes mellitus was defined as a fasting
glucose level of ≥126 mg/dL, self-reported history of diabetes mellitus, or history of
diabetes medication usage.

Nguyen et al. Page 3

Pediatrics. Author manuscript; available in PMC 2013 July 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Insulin resistance was defined as a Homeostatic Model Assessment index of insulin
resistance score of ≥4,34 without a history of diabetes mellitus, or diabetes medication usage.
The Homeostatic Model Assessment index of insulin resistance was calculated as the
product of the fasting plasma insulin level (in microunits per milliliter) and the fasting
plasma glucose level (in millimolar), divided by 22.5. Smoking was defined as a serum
cotinine (metabolite of nicotine) level of >15 ng/mL or a self-reported history of smoking in
the previous 5 days.35

Definition of Albuminuria
Normal urinary albumin excretion was defined as an albumin/creatinine ratio of <30 mg/g.
Microalbuminuria was defined as an albumin/creatinine ratio of ≥30 mg/g and <300 mg/
g.18,36,37

Data Analyses
All statistical analyses were completed by using Stata 9.0 (Stata, College Station, TX),
taking into account samples’ weights, strata, and primary sampling units from the 1999 to
2004 NHANES, to adjust for unequal probabilities of selection and the multistage, stratified,
sample design.38 The weighted proportions were extrapolated to the adolescent US
population by using 2000 US Census counts.38

Means and proportions for participant characteristics were compared by using Student’s t
tests and χ2 tests. The median values for urinary albumin concentration and albumin/
creatinine ratio were compared by using regression models after rank transformation,
because urinary albumin concentrations and albumin/creatinine ratios are not normally
distributed.39 We used logistic regression to calculate the odds ratio (OR) for
microalbuminuria, with simultaneous adjustment for multiple covariates.

We evaluated whether being overweight modified the association between cardiovascular
risk factors and risk of microalbuminuria, and we found several significant interaction terms
(P < .05). Therefore, we report our main analysis stratified according to BMI category, that
is, BMI of <95th percentile (nonoverweight) or ≥95th percentile (overweight). Percentiles
were calculated according to the Centers for Disease Control and Prevention 2000 growth
charts.2

We evaluated the following confounding variables: age, gender, race/ethnicity, total fluid
intake, and physical activity. Total fluid intake was self-reported in 24-hour dietary recall
records and measured the amount of fluid adolescents drank in the 24-hour period before
urine collection. More than 98% of subjects had complete, reliable, food records collected
during in-person interviews. Physical activity was measured with a questionnaire, and
adolescents were asked to estimate how much physical activity they had in the previous 30
days. Physical activity was reported for 99% of the adolescents in this population.
Confounding variables that were statistically significant, that changed the coefficient by
>10%, or that had face validity were kept in the final model. The final model adjusted for
age, gender, and race/ethnicity simultaneously. P < .05 was considered statistically
significant. We also performed several sensitivity analyses by using different published
definitions of the metabolic syndrome, changing our exclusion criteria to include subjects
with macroalbuminuria or to exclude those with diabetes mellitus, and using urinary
albumin concentration alone as the outcome.
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RESULTS
Population Characteristics

Demographic features and the prevalence of the cardiovascular risk factors for the overall
study population are presented in Table 1. Overall, 10.3% of the study population was
overweight. Metabolic syndrome was detected for 3.6% of the study population.
Microalbuminuria was detected for 8.9% of the study population.

The median albumin/creatinine ratio for girls was significantly greater than that for boys
(7.9 vs 4.9 mg/g; P < .0001). The median albumin/creatinine ratio for boys 12 to 15 years of
age did not differ significantly from that for boys 16 to 19 years of age (5.0 vs 4.6 mg/g; P
= .09). The median albumin/creatinine ratio for girls 12 to 15 years of age did not differ
significantly from that for girls 16 to 19 years of age (8.2 mg/g vs 7.6 mg/g; P = .15).

The median urinary albumin concentration for girls was significantly higher than that for
boys (10.3 vs 7.7 μg/mL; P < .0001). Boys 16 to 19 years of age had a higher median
urinary albumin concentration than did boys 12 to 15 years of age (8.8 vs 6.9 μg/mL; P = .
03). The median urinary albumin concentration for girls 12 to 15 years of age did not differ
significantly from that for girls 16 to 19 years of age (9.8 vs 10.9 μg/mL; P = .16).

Nonoverweight and overweight adolescents did not differ with respect to age (P = .31) or
gender (P = .22). The prevalence of overweight among all non-Hispanic white adolescents
was 8.78%, whereas the prevalence of overweight was 14.8% for non-Hispanic black
adolescents, 13.14% for Hispanic adolescents, and 8.24% for adolescents of other races.

Cardiovascular risk factors stratified according to BMI category are described in Fig 1. As
anticipated, the prevalence of adverse cardiovascular risk factors was greater among
overweight adolescents, compared with nonover-weight adolescents. Specifically,
overweight adolescents had greater prevalence rates of abdominal obesity (96.6% vs 9.2%;
P < .0001), impaired fasting glucose (16.5% vs 9.1%; P = .04), insulin resistance (62.5% vs
9.4%; P < .0001), hypertension (10.7% vs 2%; P < .0001), high triglyceride levels (26.4% vs
9.5%; P < .0001), low HDL cholesterol levels (24.7% vs 7.3%; P < .0001), and metabolic
syndrome (22.0% vs 1.5%; P < .0001), compared with nonoverweight adolescents. Diabetes
mellitus was more prevalent among overweight adolescents than among nonoverweight
adolescents, but the difference was not statistically significant (1.7% vs 0.7%; P = .29).
Fewer overweight adolescents smoked, compared with nonover-weight adolescents, but the
difference was not statistically significant (11.8% vs 15.2%; P = .31).

Factors Associated With Microalbuminuria
Despite the clustering of adverse cardiovascular risk factors among overweight adolescents,
microalbuminuria was more prevalent among nonoverweight adolescents than among
overweight adolescents (8.7% vs 0.3%; P = .005) (Fig 1). The median albumin/creatinine
ratio decreased with increasing BMI z scores for boys (overall test of trend, P = .03) and
girls (overall test of trend, P < .0001) (Fig 2).

Similarly, microalbuminuria was more prevalent among adolescents without abdominal
obesity, compared with adolescents with abdominal obesity (7.9% vs 1.0%; P = .03), and
among adolescents without insulin resistance, compared with adolescents with insulin
resistance (7.8% vs 0.7%; P = .02). Similar results were seen when urinary albumin
concentration alone (urinary albumin concentration of ≥30 μg/mL) was used to define
microalbuminuria (data not shown).
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In classification of all adolescents according to fasting glucose levels and albuminuria status,
81.4% had normal fasting glucose and normal albuminuria, 7.9% had normal fasting glucose
and microalbuminuria, 9.3% had impaired fasting glucose and normal albuminuria, 0.5%
had impaired fasting glucose and microalbuminuria, 0.3% had diabetes mellitus and normal
albuminuria, and 0.5% had diabetes mellitus and microalbuminuria. In analyses of the entire
sample, hypertension, high triglyceride levels, low HDL cholesterol levels, smoking, and the
metabolic syndrome were not significantly associated with microalbuminuria. Significantly
more girls than boys had microalbuminuria (5.8% vs 3.1%; P = .0002). The prevalence of
microalbuminuria did not differ with respect to race/ethnicity (P = .85) or age (P = .15).

Modification of Associations Between Cardiovascular Risk Factors and Microalbuminuria
by Being Overweight

Our main results were then stratified according to the presence or absence of overweight
(BMI of ≥95th percentile) and were adjusted for age, gender, and race/ethnicity. Among
nonoverweight adolescents, microalbuminuria was not associated with any cardiovascular
disease risk factor except for overt diabetes mellitus (Table 2).

A different picture emerged among overweight adolescents. Among overweight adolescents,
in addition to diabetes mellitus (adjusted OR: 1373; 95% confidence interval [CI]: 15–123
757), cardiovascular risk factors such as impaired fasting glucose (adjusted OR: 13; 95% CI:
1.51–118), insulin resistance (adjusted OR: 75; 95% CI: 1.58–3573), hypertension (adjusted
OR: 11; 95% CI: 2.47–53), and smoking (adjusted OR: 25; 95% CI: 1.29–484) were
associated with microalbuminuria (Table 2). Furthermore, other cardiovascular risk factors
examined (high triglyceride levels, low HDL cholesterol levels, and the metabolic
syndrome) were also associated with an increased risk of microalbuminuria, although these
associations did not reach conventional levels of statistical significance (Table 2).

Among nonoverweight adolescents, girls were more likely than boys to have
microalbuminuria (OR: 2.07; 95% CI: 1.45–2.96). However, among overweight adolescents,
this association was attenuated and no longer statistically significantly (OR: 1.71; 95% CI:
0.19–15.34). Neither race/ethnicity nor age was significantly associated with
microalbuminuria among nonoverweight or overweight adolescents.

Sensitivity Analyses
We observed similar associations between the cardiovascular risk factors and
microalbuminuria when we used alternative definitions for the metabolic syndrome and its
individual criteria, as published by Cook et al,40 de Ferranti et al,41 and Invitti et al23 (which
changed the prevalence of the metabolic syndrome to 6.3%, 12.9%, and 6.7%, respectively).
Similar results were also observed when we included adolescents with macroalbuminuria
and when we excluded adolescents with diabetes mellitus (except that hypertension could
not be assessed, because all adolescents with hypertension and microalbuminuria also had
diabetes mellitus).

We also used urinary albumin concentrations of ≥30 μg/mL as the outcome, to avoid any
potential confounding attributable to differences in generation of creatinine among
overweight and nonoverweight adolescents; 15.1% of adolescents had urinary albumin
concentrations of ≥30 μg/mL. Urinary albumin concentrations of ≥30 μg/mL were more
prevalent among nonoverweight adolescents than among overweight adolescents (14.6% vs
0.5%; P = .0001). We observed associations between the cardiovascular risk factors and
urinary albumin concentrations of ≥30 μg/mL similar to those our original analysis (data not
shown).

Nguyen et al. Page 6

Pediatrics. Author manuscript; available in PMC 2013 July 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DISCUSSION
Findings From Previous Studies

Because of the burgeoning epidemic of pediatric obesity, increasing attention is being paid
to the cardiovascular health of children and adolescents. There is much interest in
determining whether microalbuminuria is an early marker of renal and systemic
endovascular damage.

Pediatric studies examining the association of cardiovascular risk factors with albuminuria
have led to conflicting conclusions. Previous pediatric studies from community-based
populations showed that overweight children (with presumably more coexisting
cardiovascular risk factors) had less albuminuria than leaner children.24,25 In contrast,
studies from referral-based obesity clinics found that, among overweight children, various
cardiovascular risk factors were associated with more albuminuria.21–23

Findings From This Study
In the current study, which is based on a large and nationally representative sample of
adolescents, we confirmed the unexpected finding that being overweight is associated with
lower prevalence of microalbuminuria. Furthermore, among nonoverweight adolescents, all
cardiovascular disease risk factors examined were not risk factors for microalbuminuria
(with the exception of overt diabetes mellitus). In contrast, within the subgroup of
overweight adolescents, cardiovascular risk factors such as impaired fasting glucose, insulin
resistance, hypertension, and smoking were associated strongly with microalbuminuria. The
novel contribution of this study is to demonstrate that the association between
cardiovascular risk factors and microalbuminuria is strongly modified by overweight. This
interaction explains the seemingly discrepant reports in the literature.

The observation that cardiovascular risk factors are associated with microalbuminuria
among overweight adolescents is consistent with previous observations in the adult
population.42–49 Excess weight is thought to increase intraglomerular capillary pressure,
resulting in glomerular hyperfiltration, a permissive environment or condition for end-organ
damage. In this setting, hypertension, impaired fasting glucose, diabetes mellitus, or
smoking may provide a second “hit,” causing endothelial dysfunction that leads to
microalbuminuria.50

The basis for the observation, now made in 3 independent studies,24,25 that leaner
adolescents are more likely to have microalbuminuria is unknown. We speculate that
orthostatic proteinuria may be an important confounding variable. Changes in posture (from
supine to upright) can increase urinary protein excretion and is commonly seen in
adolescents.51 A preliminary report by Hornberger et al52 indicated that orthostatic
proteinuria is more prevalent among nonoverweight adolescents. This observation might
explain why nonoverweight adolescents have more microalbuminuria than overweight
adolescents.

In this context, it is notable that we and others observed that girls are more likely to have
microalbuminuria than boys. Davies et al53 showed that girls have significantly higher
daytime but not nighttime urinary albumin excretion, compared with boys, which suggests
that girls have more orthostatic albuminuria. Interestingly, we found that this gender
difference was attenuated among overweight adolescents. This would also be consistent with
the hypothesis that orthostatic proteinuria is less prevalent among overweight adolescents.
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Implications of Our Findings
Our results show that overweight adolescents with impaired glucose tolerance and insulin
resistance have microalbuminuria. Prolonged exposure to hyperglycemia or unrecognized
diabetes mellitus contributes to the early development of microvascular disease in patients
with type 2 diabetes mellitus.54–56 Recent data showed that youth-onset type 2 diabetes
leads to higher rates of end-stage renal disease and death, compared with adult-onset type 2
diabetes or nondiabetic status.57 This implies that overweight adolescents with impaired
glucose tolerance and insulin resistance may benefit from early intervention with
angiotensin-converting enzyme inhibitors, in addition to behavioral and lifestyle
modifications. Because we also showed that hypertension is associated with
microalbuminuria in overweight adolescents, angiotensin-converting enzyme inhibitors may
be indicated to treat obesity-related hypertension that is refractory to behavioral and lifestyle
modifications.

Unlike in adults, where microalbuminuria is related to excess weight,58,59 our study shows
that the relationship between microalbuminuria and excess weight is more complicated in
adolescents. Considerations unique to children and adolescents, such as orthostatic
proteinuria, need to be taken into account, and studies conducted specifically in children
should be undertaken. Our data suggest that more study is required before microalbuminuria
is included as a qualifying trait to define the metabolic syndrome, as proposed by the World
Health Organization.60 If random urinary albumin/creatinine ratios were used to define
microalbuminuria, then a large number of adolescents might be mislabeled as having the
metabolic syndrome. Using microalbuminuria to screen the general adolescent population
for those at high risk for future renal and cardiovascular disease, as has been proposed for
the general adult population, also would not be prudent. However, microalbuminuria can be
used to identify high-risk patients within certain pediatric subpopulations, such as
overweight and diabetic adolescents. Our studies should spur additional studies to explain
why lean adolescents have more microalbuminuria than do overweight adolescents.

Strengths and Limitations
The strengths of this study include the high-quality survey data from a nationally
representative sample. The study population is racially and ethnically diverse, which is
especially important because renal and cardiovascular complications attributable to obesity
disproportionately affect black individuals, Hispanic individuals, and individuals of other
racial minorities.61–63

Limitations include the cross-sectional design, which cannot demonstrate temporal
relationships among overweight, cardiovascular risk factors, and microalbuminuria.
However, previous prospective studies in adults showed that impaired fasting glucose levels
preceded the development of microalbuminuria.44 Also, we do not have follow-up data to
determine whether overweight adolescents with microalbuminuria indeed had higher rates of
adverse cardiovascular and renal disease events, compared with overweight adolescents
without microalbuminuria, and whether microalbuminuria is indeed benign in
nonoverweight adolescents, as the risk factor profiles suggest. These questions could be
investigated in a prospective study of pediatric subjects. Although our study is one of the
largest pediatric studies to examine the association of cardiovascular risk factors and
microalbuminuria in children, relatively large CIs were obtained. However, we were able to
define associations that were statistically and clinically significant.

There were several limitations regarding conditions under which urine was collected. Urine
was not collected in the supine position, and some of the proteinuria detected may reflect
orthostatic proteinuria. This may be one explanation for why we found a higher prevalence
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of microalbuminuria in our population than did a Japanese study that examined first morning
urine samples.64 In fact, we hypothesize that orthostatic proteinuria may explain some of our
paradoxical findings, as elaborated above. A single urine sample was used to estimate the
population prevalence of (persistent) microalbuminuria, which might have lead to
overestimation, because albuminuria can be transient. Some authors have advocated that
multiple first morning urine samples be collected to minimize measurement error.65

However, the effect of measurement error would bias our results to finding no association
between cardiovascular risk factors and microalbuminuria. Therefore, the true strength of
association may be stronger than we reported. Despite these limitations, we still found a
large significant association between cardiovascular risk factors and microalbuminuria.

Other factors that can affect albumin excretion, such as hydration status and exercise, could
be taken into account only indirectly. The use of the urinary albumin/creatinine ratio helps
adjust for hydration status; urinary albumin concentration alone is greatly affected by urine
volume. However, because urinary creatinine levels also vary according to age and gender,
the albumin/creatinine ratio may overestimate albuminuria for subjects with lower levels of
creatinine excretion (younger children and girls). This study did not measure urine specific
gravity or other measurements of urine concentration; however, we measured fluid intake
from dietary recall records for the 24-hour period before urine collection. When total fluid
intake was included as a confounding variable, the associations of cardiovascular risk factors
and microalbuminuria did not change. All urine samples were collected in the morning for
this study population, which makes exercise shortly before examination less likely.
However, because subjects were not asked to limit physical activity in the 24 hours before
urine collection, we could not exclude the possibility that leaner adolescents have more
microalbuminuria because they are more likely to exercise. We were able to use a measure
of chronic physical activity, which, when included as a confounding variable, had little
effect on the associations of cardiovascular risk factors and microalbuminuria.

CONCLUSIONS
There is much interest in determining the consequences of childhood obesity. Albuminuria
has emerged as a powerful risk factor for future renal and cardiovascular disease in various
adult populations. However, our results indicate that, for adolescents who are not overweight
and do not have diabetes mellitus, that is, the majority of adolescents, microalbuminuria is
not associated with cardiovascular risk factors. For the subset of adolescents who are
overweight, microalbuminuria is a good marker to identify individuals who may need
aggressive intervention because of evidence of endovascular damage. Whether our results
can be explained by the phenomenon of orthostatic proteinuria should be the subject of
future investigations. Our study highlights the need for more outcome-based research in
pediatrics, because findings in adults cannot be simply extrapolated to children.
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FIGURE 1.
Prevalence of microalbuminuria and cardiovascular risk factors in adolescents according to
BMI category. MA indicates microalbuminuria; TG, triglyceride level; LDL, low-density
lipoprotein level; IFG, impaired fasting glucose level; IR, insulin resistance; MS, metabolic
syndrome. Except where indicated, P < .05 for all comparisons between nonoverweight and
overweight adolescents. a P = .3.
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FIGURE 2.
Box plot of ACR of adolescents according to gender and BMI z-score quartiles. Shown are
the 25th, 50th, and 75th percentiles of ACR distribution for boys and girls without
microalbuminuria according to age group. The boxes enclose the 25th to 75th percentile, and
the middle horizontal lines represent the median values. a P < .05 for trend.
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TABLE 1

Population Characteristics of Study Sample and Projected US Population of Adolescents 12 to 19 Years of
Age (NHANES, 1999–2004)

Study Sample Projected US Populationa

Total, n 2515 28.0 × 106

Age, mean ± SEM, y 15.4 ± 0.04 15.5 ± 0.07

Gender, n (%)

 Boys 1323 14.0 × 106 (51.4)

 Girls 1192 13.0 × 106 (48.7)

Race/ethnicity, n (%)

 Non-Hispanic white 672 17.0 × 106 (63.3)

 Non-Hispanic black 790 3.9 × 106 (14.3)

 Hispanic 977 4.6 × 106 (16.9)

 Other race 76 1.5 × 106 (5.6)

BMI, n (%)

 <95th percentile 2205 25.0 × 106 (89.7)

 ≥95th percentile 310 2.8 × 106 (10.3)

Abdominal obesity, n (%) 505 5.0 × 106 (18.2)

Glucose level, n (%)

 Normal fasting glucose levelb 2125 25.0 × 106 (89.4)

 Impaired fasting glucose level 249 2.7 × 106 (9.9)

 Diabetes mellitus 10 0.2 × 106 (0.8)

Insulin resistance, n (%) 429 4.0 × 106 (15.0)

Hypertension, n (%) 72 0.8 × 106 (2.9)

High triglyceride levels, n (%) 244 3.1 × 106 (11.3)

Low HDL cholesterol levels, n (%) 191 2.5 × 106 (9.1)

Smoking, n (%) 291 4.0 × 106 (14.8)

Metabolic syndrome, n (%) 82 1.0 × 106 (3.6)

Microalbuminuria, n (%) 226 2.4 × 106 (8.9)

a
Adjusted for survey design and based on 2000 US Census data.

b
Fasting glucose level of <100 mg/dL without a history of diabetes mellitus or use of diabetes medication.
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TABLE 2

Unadjusted and Adjusted ORs for Microalbuminuria in Adolescents, Stratified According to BMI Category

Unadjusted OR (95% CI) Adjusted OR (95% CI)a

Nonoverweight

 Abdominal obesity 0.88 (0.44–1.76) 0.77 (0.37–1.59)

 Fasting glucose level

  Normal Reference Reference

  Impaired 0.53 (0.22–1.28) 0.61 (0.24–1.54)

  Diabetes mellitus 14 (1.34–1426)b 14 (1.64–125)b

 Insulin resistance 0.55 (0.26–1.19) 0.49 (0.23–1.05)

 Hypertension —c —c

 Elevated triglyceride level 1.31 (0.68–2.55) 1.35 (0.70–2.63)

 Low HDL cholesterol level 0.69 (0.24–1.94) 0.65 (0.22–1.90)

 Smoker 0.51 (0.26–1.00) 0.61 (0.32–1.16)

 Metabolic syndrome 1.06 (0.15–7.49) 1.25 (0.17–8.95)

Overweight

 Abdominal obesity —c —c

 Fasting glucose level

  Normal Reference Reference

  Impaired 6.25 (0.71–54.95) 13 (1.51–118)b

  Diabetes mellitus 148 (11–1957)b 1373 (15–123757)b

 Insulin resistance 19 (1.89–189)b 75 (1.58–3573)b

 Hypertension 7.12 (0.78–65) 11 (2.47–53)b

 Elevated triglyceride level 2.22 (0.24–21) 4.79 (0.92–25)

 Low HDL cholesterol level 2.46 (0.27–22) 3.83 (0.82–18)

 Smoker 4.01 (0.38–42) 25 (1.29–484)b

 Metabolic syndrome 2.71 (0.29–26) 7.60 (0.90–64)

a
Adjusted for age, gender, and race/ethnicity.

b
P < .05.

c
Point estimate could not be calculated because of small sample size for one comparison group in these cells.

Pediatrics. Author manuscript; available in PMC 2013 July 24.


