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A B S T R A C T

Background. In adults, glomerular hyperfiltration is associated
with abnormalities related to metabolic syndrome (MetS). We
investigated if glomerular hyperfiltration was associated with
metabolic abnormalities in US adolescents without diabetes.
Methods. We analyzed data from the National Health and
Nutrition Examination Survey, a nationally representative sam-
ple of US adolescents ages 12–17 years. Estimated glomerular
filtration rate (eGFR) was determined using the bedside
Schwartz equation; adolescents with hyperfiltration (eGFR
>120 mL/min/1.73 m2) were compared to those with normal
eGFR (90–120 mL/min/1.73 m2). We calculated mean levels of
factors related to MetS, insulin resistance and diabetes risk,
adjusting for age, race/ethnicity, sex, socioeconomic status, and
BMI z-score.
Results. Overall, 11.8% of US adolescents had hyperfiltration
[95% confidence interval (CI) 10.6–13.0]. Hyperfiltration preva-
lence varied by race (20.2% in Hispanics versus 9.8% non-
Hispanic whites and 7.4% non-Hispanic blacks; P< 0.001).
Compared to those with normal eGFR, adolescents with hyper-
filtration had higher adjusted mean levels of triglyceride (83 ver-
sus 77 mg/dL; P ¼ 0.05), fasting insulin (15.1 versus 12.9; P<
0.001) and homeostatic model assessment of insulin resistance
(3.52 versus 3.01; P ¼ 0.001). These differences persisted after
adjusting for BMI z-score. Adolescents with hyperfiltration had
increased odds for hypertriglyceridemia [odds ratio 1.58 (95%
CI 1.11–2.23)]. These relationships varied by racial/ethnic
group.
Conclusions. Glomerular hyperfiltration is associated with
hypertriglyceridemia and increased insulin resistance independ-
ent of BMI z-score in a nationally representative sample of US
adolescents. Hispanic adolescents are more likely to have hyper-
filtration than other racial/ethnic groups. These findings could
have significance in evaluations of renal function and MetS in
adolescents to identify related risks and target interventions.

Keywords: dyslipidemia, ethnicity, insulin, metabolic syn-
drome, pediatrics

I N T R O D U C T I O N

An excessive glomerular filtration rate (GFR) may initiate glo-
merular damage secondary to increased glomerular pressure
and hypertrophy and may be a harbinger for the development
of chronic kidney disease (CKD) in individuals both with and
without diabetes [1–4]. Epidemiological studies in adults have
shown that glomerular hyperfiltration is associated with meta-
bolic abnormalities related to cardiovascular disease [5] and
stroke [6].

Multiple mechanisms have been postulated for the patho-
genesis of glomerular hyperfiltration, which ultimately results
from altered hemodynamics and/or increases in podocyte per-
meability [7]. Some of these mechanisms—including inappro-
priate activation of the renin–angiotensin system [8, 9],
increased oxidative stress [10] and hyperinsulinemia [11]—also
are operative in obesity [12], metabolic syndrome (MetS) [5,
13] and diabetes [7, 14, 15].

Among adults, hyperfiltration has been linked to both obe-
sity [7, 12] and MetS [13] independent of diabetes and has been
linked to albuminuria in disease states [16, 17]. However, in the
pediatric population, the association between glomerular hyper-
filtration with obesity and metabolic abnormalities in the
absence of diabetes has not been well characterized [1]. Given
the ongoing childhood obesity epidemic [18], and that hyperfil-
tration can be reversed in the setting of substantial weight loss
[19], such associations may have substantial long-term public
health implications.

Our goal in this study was to determine the association
between glomerular hyperfiltration and MetS-related abnor-
malities in a large national sample of US adolescents without
diabetes. We additionally sought to characterize potential
racial/ethnic differences in hyperfiltration and evaluate whether
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|any associations between MetS and hyperfiltration were related

to weight status.

M A T E R I A L S A N D M E T H O D S

Data were obtained from the Centers for Disease Control and
Prevention (CDC) National Health and Nutrition Examination
Survey (NHANES) from 1999 to 2012. NHANES is a series of
surveys conducted in 2-year waves that represents a cross-
sectional random selection of the noninstitutionalized US civil-
ian population using a stratified, multistage probability design
that includes demographic, anthropometric, questionnaire, and
clinical laboratory data. Detailed NHANES protocols have been
previously published [20]. The National Center for Health
Statistics ethics review board approved all study protocols and
participants gave informed consent or assent.

We analyzed data from participants ages 12–17 years old with
complete data for determining estimated glomerular filtration rate
(eGFR). For assessment of the population prevalence of hyperfil-
tration, we excluded participants who were pregnant or had
physician-diagnosed diabetes. For our analytic sample assessing
metabolic differences between those with hyperfiltration or nor-
mal filtration, we additionally excluded participants with active
hepatitis B infection or those using antihyperlipidemic and anti-
diabetic agents, as these may affect assessment of baseline MetS.

Three systolic blood pressure readings were obtained for
each NHANES participant. If one or more of these readings
were disrupted, a fourth reading was obtained. Mean systolic
and diastolic blood pressure was calculated from the available
readings for each participant. Elevated systolic blood pressure
was defined as mean systolic and/or diastolic blood pressure
�95th percentile for the participant’s age, sex, and height
according to the Fourth Report on the Diagnosis, Evaluation,
and Treatment of High Blood Pressure in Children and
Adolescents [21]. Participants using antihypertensive medica-
tions were classified as having elevated blood pressure, regard-
less of the blood pressure measurements obtained.

Laboratory measurements were obtained using controlled
protocols and equipment specified by the CDC NHANES data-
book [22]. Clinical data regarding the individual MetS compo-
nents were collected under fasting conditions. Serum creatinine
was measured with an isotope dilution mass spectrometry
(IDMS) standardized method starting in 2008 [23]. Before 2008,
non-IDMS-standardized serum creatinine measurements were
analyzed and adjusted using Deming regression [24]. Correction
factors to pre-2008 serum creatinine measurements were applied
as recommended by the CDC NHANES databook [22].

Before 2007, urine creatinine measurements were obtained
via a Jaffe reaction. Starting in 2007, urine creatinine was meas-
ured with a creatininase endpoint reaction. Correction factors
to pre-2007 urine creatinine measurements were applied as
recommended by the CDC NHANES databook [22]. Urine
albumin was measured with a solid-phase fluorescent immuno-
assay. Albuminuria was defined as a urine albumin:creatinine
ratio (UACR)�30 but<300.

To assess the severity of MetS, we used the MetS z-score, a
linear score correlated with metabolic abnormality [25, 26].

Childhood elevations in this MetS z-score [27] are associated
with the development of cardiovascular disease and type 2 dia-
betes mellitus in adulthood [28–30]. Use of the MetS z-score
allows for a quantitative analysis of the correlation between fil-
tration status and overall metabolic abnormality. The presence
of MetS was defined by the adolescent adaptation of the
National Cholesterol Education Program’s Adult Treatment
Panel III (NCEP ATP-III) criteria [31]. Individual clinical crite-
ria for MetS were defined as BMI z-score �1.645 (obesity), fast-
ing glucose �100 mg/dL (hyperglycemia), fasting triglycerides
�110 mg/dL (hypertriglyceridemia), HDL �40 mg/dL (low
HDL), and systolic or diastolic blood pressure exceeding the
90th percentile for height, age and sex (elevated blood pressure).

The homeostasis model of insulin resistance (HOMA-IR)
was calculated as [fasting insulin (mU/mL) � fasting glucose
(mmol/L)/22.5]. Prediabetes was defined according to criteria
set by the American Diabetes Association: hemoglobin A1c
(HbA1c) >5.7% but <6.4% or fasting glucose >100 mg/dL but
<125 mg/dL [32].

NHANES participants self-identified as non-Hispanic white,
non-Hispanic black, Mexican American Hispanic and other
Hispanic based on demographic survey question responses. For
our analyses, we combined the Mexican American Hispanic
and other Hispanic groups into a single Hispanic classification.

We used the bedside Schwartz equation derived from the
Chronic Kidney Disease in Children (CKiD) study to calculate
eGFR: eGFR (mL/min/1.73 m2) ¼ 0.413 � height (cm)/serum
creatinine (mg/dL) [33–35]. Participants were classified as
either having hyperfiltration (eGFR �120 mL/min/1.73 m2)
[36–40] or normal filtration (eGFR 90–120 mL/min/1.73 m2).
Participants with eGFR <90 mL/min/1.73 m2 were excluded
because of the potential for early CKD [4].

Statistical analysis was performed using SAS (version 9.4:
SAS Institute, Cary, NC, USA). Statistical significance was des-
ignated as P< 0.05. Survey procedures were used to account for
the complex sampling design of NHANES. All multivariable
statistical models accounted for sex, age, race/ethnicity and
household income:needs ratio. Race/ethnicity was dropped
from multivariable statistical models when specific single racial/
ethnic groups were being analyzed.

Because we sought to determine whether hyperfiltration was
associated with metabolic abnormalities independent of body size,
we created two multivariable statistical models, both with and
without adjustment for BMI z-score. Differences between adoles-
cents with glomerular hyperfiltration and normal filtration were
assessed with survey regression adjusted means analyses. Odds of
metabolic abnormalities were compared between adolescents with
glomerular hyperfiltration and normal filtration via logistic regres-
sion, again adjusting for the aforementioned covariates.

R E S U L T S

Epidemiology, demographics and anthropomorphic
values

There were 8793 NHANES participants ages 12–17 years for
whom serum creatinine was collected (Supplementary data,
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|Figure S1). We next assessed the prevalence of hyperfiltration

among US adolescents without diabetes. From the 8793 adoles-
cents with creatinine, we sequentially excluded those who were
missing height data (n ¼ 60), were pregnant (n ¼ 54) or were
previously diagnosed with diabetes (n ¼ 36), leaving 8643 par-
ticipants in the sample (Supplementary data, Figure S1). The
prevalence of hyperfiltration in this nationally representative
sample was 11.8% [95% confidence interval (CI) 10.6–13.0].
The prevalence (with CI) varied by race/ethnicity: non-
Hispanic white [9.8% (8.1–11.4)], non-Hispanic black [7.4%
(5.9–8.9)] and Hispanic [20.2% (17.5–23.0)] (Figure 1).

For the remainder of the analyses of metabolic differences
between adolescents with normofiltration and hyperfiltration,
we excluded participants who were nonfasting (n¼ 317), lacked
complete MetS-related data (n ¼ 4512), were taking any anti-
diabetic or antihyperlipidemic agents (n¼ 6), had active hepati-
tis B infection (n ¼ 3) or had eGFR <90 mL/min/1.73 m2 (n ¼
1221; n¼ 105 with eGFR <60 mL/min/1.73 m2). This left 2584
participants in the final analytic sample to compare metabolic

differences between adolescents with hyperfiltration and those
with normal filtration. Demographic characteristics of this sam-
ple are shown in Table 1. Compared with the 8643-participant
sample used to assess national prevalence of hyperfiltration, the
2584-participant analytic sample did not differ with respect to
composition of sex, race/ethnicity and socioeconomic status.
However, participants in the larger sample were slightly older
than those in the final analytic sample [14.5 (95% CI 14.5, 14.6)
versus 14.1 (14.0–14.2) years].

Our statistical models accounted for sex, age, race/ethnicity,
socioeconomic status and body size. Of these, younger age,
female sex and Hispanic race/ethnicity classification were asso-
ciated with increased odds for hyperfiltration (Table 2).
Socioeconomic status, assessed by the household income:needs
ratio, was not associated with hyperfiltration. There were no sig-
nificant differences in BMI z-score or height–age z-score
between adolescents with normal eGFR and hyperfiltration
(Table 1).

Metabolic measurements

Comparisons in metabolic measurements between adoles-
cents with hyperfiltration and normal filtration are reported in
Table 3. Adolescents with hyperfiltration had higher fasting
insulin and HOMA-IR measurements regardless of adjustment
for BMI z-score (all P < 0.05). After adjustment for BMI z-
score, adolescents with hyperfiltration had higher fasting trigly-
ceride measurements (P¼ 0.049) and higher MetS z-scores (P
¼ 0.025). These associations were not seen when the statistical
models did not include adjustment for BMI z-score. Using lin-
ear regression, eGFR was positively linked to triglycerides (P <
0.05), insulin (P < 0.0001) and HOMA-IR (P < 0.0001), both
with and without adjustment for BMI z-score. There were no
significant differences in mean systolic blood pressure, fasting
glucose, HDL and HbA1c by hyperfiltration classification
(Table 3). In a sensitivity analysis, we lowered the cutoff for nor-
mal filtration to 75 mL/min/1.73 m2. Fasting insulin and
HOMA-IR were still significantly elevated among adolescents
with hyperfiltration compared with normal filtration both with
and without adjustment for BMI; however, differences in fasting

Table 1. Participant characteristics among the analytic cohort

Overall Hyperfiltration Normal filtration P-value

Final analytic sample 2584 564 2020 –
% Male 50.2 (47.7–52.8) 40.2 (32.9–47.5) 45.2 (41.9–48.5) <0.001
% Non-Hispanic White 65.8 (62.5–69.1) 54.0 (45.9–62.1) 67.9 (64.1–71.7) <0.001
% Non-Hispanic Black 15.3 (13.2–17.4) 10.7 (7.6–13.8) 14.1 (11.7–16.4) <0.001
% Hispanic 18.9 (16.2–21.7) 35.3 (27.9–42.8) 18.1 (15.1–21.0) <0.001
% Household income: needs 1–3 38.6 (35.9–41.4) 42.0 (36.1–47.9) 38.8 (35.2–42.4) <0.001
% Household income: needs >3.0 41.7 (38.6–44.9) 31.3 (25.5–37.0) 42.4 (38.4–46.4) <0.001
% Household income: needs �1.0 19.6 (17.6–21.7) 26.8 (21.4–32.1) 18.7 (16.2–21.2) <0.001
% MetS (ATP-III) 7.3 (6.0–8.6) 9.7 (6.7–12.7) 7.3 (5.5–9.2) 0.180
% Prediabetes 17.1 (15.0–19.2) 20.4 (15.8–24.9) 16.3 (14.0–18.7) 0.103
eGFR 109.5 (108.4–110.5) 135.6 (131.7–139.6) 103.3 (102.8–103.7) <0.001
Age 14.1 (14.0–14.2) 13.4 (13.2–13.5) 14.3 (14.2–14.4) <0.001
BMI z-score 0.58 (0.51–0.65) 0.56 (0.40–0.72) 0.58 (0.51–0.65) 0.804
Height-for-age z-score 0.30 (0.22–0.38) 0.30 (0.16–0.43) 0.30 (0.21–0.39) 0.991

Survey means are reported with 95% CIs in parentheses. Chi-squared tests were used to assess differences in the proportion of categorical variables between the hyperfiltration and nor-
mal groups. T-tests were used to assess differences in numerical measurements between the two groups. Significant differences are shown in bold (P < 0.05).

FIGURE 1: Prevalence of hyperfiltration in a nationally representa-
tive sample of US adolescents ages 12–17 years. This sample was
restricted to participants who were nonpregnant and without diabe-
tes. The error bars represent the 95% confidence interval.
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triglyceride measurements between groups were not observed
(data now shown).

Survey regression analyses showed eGFR was linearly corre-
lated with fasting triglycerides (P ¼ 0.017), fasting insulin (P <
0.0001) and HOMA-IR (P < 0.0001) in our analytic sample.
This was true regardless of if adjustment for BMI z-score was
included.

The associations between hyperfiltration and hypertriglycer-
idemia, ATP-III MetS and prediabetes were assessed with logis-
tic regression including adjustment for BMI z-score (Table 4).
Adolescents with hyperfiltration had increased odds for hyper-
triglyceridemia. Not surprisingly, the reverse association was
also true: adolescents with hypertriglyceridemia were signifi-
cantly more likely to have hyperfiltration. There were no associ-
ations between hyperfiltration status and ATP-III MetS and
prediabetes.

Because hyperfiltration varied by race/ethnicity, we addition-
ally evaluated race/ethnicity-specific subsamples in multivari-
able models accounting for BMI z-score. In non-Hispanic white
adolescents, hyperfiltration was associated with elevated fasting
insulin (13.9 versus 11.5 lU/mL; P¼ 0.03) and elevated
HOMA-IR (3.3 versus 2.7; P ¼ 0.03). There was no association
in non-Hispanic black adolescents. In Hispanic adolescents,

hyperfiltration was associated with elevated fasting insulin (16.4
versus 14.2 lU/mL; P¼ 0.003) and elevated HOMA-IR (3.9 ver-
sus 3.4; P¼ 0.006).

Albuminuria

The prevalence of albuminuria in our final analytic sample
was 12.5% (95% CI 10.8–14.3). The prevalence of albuminuria
(with 95% CI) in each racial/ethnic group was as follows: non-
Hispanic white 12.7% (10.1–15.3), non-Hispanic black 13.5%
(10.3–16.8), Hispanic 11.7 (9.5–14.0). There were no significant
differences in albuminuria prevalence between racial/ethnic
groups.

There was no significant association between hyperfiltration
status and albuminuria [normal:nonhyperfiltration odds ratio
(OR) 0.98 (95% CI 0.66–1.46)]. Log-transformed UACR was
not associated with eGFR. We did not find significant associa-
tions between albuminuria and ATP-III MetS status, hypertri-
glyceridemia and prediabetes (data not shown). Log-
transformed UACR was positively associated with MetS z-score
(estimate¼ 0.03, P¼ 0.019, R2¼ 0.67).

In additional analyses, we compared participants with both
hyperfiltration and albuminuria (n ¼ 72) to participants with
neither (n¼ 1786). Several factors decreased the odds of having
both hyperfiltration and albuminuria:increasing age [OR 0.65
(95% CI 0.50–0.84)], male sex [OR 0.17 (0.07–0.41)] and
increasing BMI z-score [OR 0.48 (0.35–0.66)]. Being Hispanic
(versus non-Hispanic white or black) significantly increased the
odds of having both hyperfiltration and albuminuria [OR 4.0
(95% CI 2.1–7.4)].

In adjusted means analyses controlling for sex, race/ethnic-
ity, age and income, participants with hyperfiltration and albu-
minuria (versus neither) had significantly lower BMI z-scores
[mean ¼ 0.04 (95% CI �0.30–0.38) versus mean ¼ 0.79 (0.72–
0.86), respectively]. Subsequent adjusted means analyses
included adjustment for BMI z-score. The double risk factor
group had significantly higher triglycerides (88.0 versus 77.3; P
¼ 0.03), lower HDL (49.9 versus 53.3; P ¼ 0.03), higher fasting
insulin (16.8 versus 13.1; P¼ 0.007) and higher HOMA-IR (4.0
versus 3.1; P ¼ 0.008). There were no significant differences in
fasting glucose, mean systolic blood pressure, MetS z-score and
HbA1C (data not shown).

Table 2. Factors influencing odds of being classified as having
hyperfiltration

Odds ratio of
hyperfiltration (eGFR
>120 mL/min/1.73 m2)

95% CI P-value

Older age 0.67 (0.61–0.74) <0.0001
Male sex 0.66 (0.47–0.92) 0.014
BMI z-score 0.96 (0.82–1.12) 0.578
Race/ethnicity (versus
non-Hispanic white)

<0.0001

Non-Hispanic black 0.83 (0.54–1.27)
Hispanic 2.23 (1.56–3.20)

Household income:
needs ratio
(versus 1.0–3.0)

0.092

>3.0 0.74 (0.51–1.06)
�1.0 1.15 (0.82–1.63)

Data shown are from a multivariate logistic model. Significant differences are shown in
bold (P < 0.05).

Table 3. Metabolic differences between adolescents with glomerular hyperfiltration and normal filtration, with and without adjustment for BMI z-score

Without body size adjustment Adjustment for BMI z-score

Hyperfiltration Normal P-value Hyperfiltration Normal P-value

MetS z-score �0.02 (�0.14–0.10) �0.08 (�0.13 to �0.03) 0.356 0.00 (�0.07–0.06) �0.09 (�0.12 to �0.06) 0.025
Mean SBP 108.1 (106.7–109.6) 108.4 (107.7–109.0) 0.765 108.3 (106.9–109.6) 108.3 (107.7–108.9) 0.925
Fasting triglycerides 83.2 (77.9–88.5) 77.2 (74.7–79.8) 0.053 83.6 (77.9–89.3) 77.1 (74.6–79.6) 0.049
Fasting glucose 93.6 (92.8–94.5) 92.8 (92.2–93.4) 0.114 93.6 (92.8–94.5) 92.8 (92.2–93.4) 0.105
HDL 52.0 (50.3–53.7) 53.4 (52.7–54.1) 0.132 51.8 (50.2–53.4) 53.4 (52.7–54.1) 0.077
Fasting insulin 14.9 (13.5–16.3) 12.9 (12.2–13.6) 0.010 15.1 (13.9–16.2) 12.9 (12.3–13.4) 0.001
HOMA-IR 3.5 (3.2–3.8) 3.02 (2.8–3.2) 0.012 3.5 (3.3–3.8) 3.0 (2.9–3.2) 0.001
Hb A1C 5.3 (5.2–5.3) 5.3 (5.2–5.3) 0.896 5.27 (5.2–5.3) 5.3 (5.2–5.3) 0.722

Estimated marginal means for metabolic risk factors were obtained from multivariable linear regression. Both statistical models adjust for age, sex, socioeconomic status and race/eth-
nicity. The second model additionally adjusted for body size using BMI z-score. Mean values are reported with 95% CIs reported in parentheses. SBP, systolic blood pressure.
Significant differences are shown in bold (P < 0.05).
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D I S C U S S I O N

There is increasing recognition of glomerular hyperfiltration as
a precursor to CKD [7]. However, to date there has been limited
study of hyperfiltration in pediatrics. Previous research has
focused on specific subpopulations (such as those with diabetes
or sickle cell disease) [1]. Here, we present population-based
estimates of glomerular hyperfiltration in US adolescents with-
out diabetes. Just as in adults, glomerular hyperfiltration was
associated with MetS abnormalities: compared to those with
normal eGFR, adolescents with glomerular hyperfiltration were
more likely to have elevated fasting triglyceride, fasting insulin
and HOMA-IR measurements, even after accounting for BMI
z-score. In addition, BMI z-score did not vary between adoles-
cents with hyperfiltration or normal filtration, demonstrating
that the association between glomerular hyperfiltration and
these abnormalities was not driven solely by obesity.

While adolescents with hyperfiltration had increased odds
for hypertriglyceridemia, as expected, the reverse association
was also true. This may have dual clinical implications in that
adolescents with hypertriglyceridemia could be screened for
hyperfiltration and adolescents with hyperfiltration could also
be screened for lipid abnormalities. Given that weight loss has
demonstrated efficacy in reducing both hyperfiltration [19] and
hypertriglyceridemia [41], identification of these abnormalities
could serve as an additional motivation toward lifestyle
changes.

Even though there was no association between hyperfiltra-
tion and prediabetes as assessed by HbA1c level, adolescents
with hyperfiltration did have laboratory measurements suggest-
ing insulin resistance. Hyperinsulinemia can have deleterious
effects on the kidneys even before the onset of type 2 diabetes
mellitus [11, 42, 43], and elevations in insulin may be directly
related to elevations in eGFR [11, 44]. Hyperinsulinemic mon-
keys have glomerular hypertrophy with preserved glomerular
architecture when compared with normal monkeys [43]. If fur-
ther validated, this link between hyperfiltration and insulin

resistance could suggest a need to assess kidney function in ado-
lescents with insulin resistance.

There is a growing understanding of the physiologic inter-
play between hypertriglyceridemia, insulin resistance and
hyperfiltration. Leptin receptor is overexpressed in glomeruli of
patients with obesity-related glomerulopathy [45], and experi-
mental evidence suggests a central role for leptin dysregulation
in the development of glomerular hyperfiltration [46]. Leptin
stimulates cellular proliferation within glomeruli [46] and
hyperleptinemia has been linked to hyperfiltration [47], hyper-
triglyceridemia and insulin resistance [48–51]. Although leptin
measurements were not collected for NHANES, Tomaszewski
et al. [13] found elevated leptin levels in a study of white, young
adult, generally lean (median BMI 22.3) males with
hyperfiltration.

Renal function alterations in the context of pediatric obesity
are not well understood. We found no difference in BMI z-score
between the hyperfiltration groups; however, previous studies
have shown increased BMI z-score to be related to both abnor-
mally increased and decreased eGFR, depending on the formula
used to assess eGFR [52]. One group of investigators postulated
that the relationship between BMI z-score and eGFR may be
modified by age of obesity onset: children obese for a greater
portion of their lives may be more likely to present with
decreased eGFR, whereas children with more recent onset of
obesity may be more likely to present with hyperfiltration [52].
This could be consistent with the idea that prolonged physio-
logic disturbances contribute to the development of glomerul-
opathy, such as in leptin dysregulation [13, 46–51].
Unfortunately, data regarding the duration of obesity status
were unavailable for our sample, so we were unable to evaluate
for this relationship in our analysis.

Previous population-level epidemiological studies of hyper-
filtration have been done in predominantly white European
countries [5, 13]. In the more racially diverse US adolescent
population, we noted differences in hyperfiltration and its
metabolic associations across racial/ethnic groups. While non-
Hispanic white and Hispanic adolescents with hyperfiltration
had increased odds for insulin resistance, this association was
not found in non-Hispanic black adolescents. It is unclear
whether this was due to a smaller subgroup sample size or to
the variation of other factors that contribute to hyperfiltration
and that vary by race/ethnicity, such as sickle cell trait, which
has a prevalence of 5–10% among African Americans, com-
pared with 1.5% in the general population [39]. Additionally,
non-Hispanic black adolescents were found to have the lowest
prevalence of hyperfiltration. This could be related to racial/
ethnic differences in serum creatinine values secondary to dif-
ferences in body muscle mass [53, 54]. The MDRD and
Chronic Kidney Disease Epidemiology Collaboration equa-
tions for estimating adult GFR account for black race in their
calculations, whereas the Schwartz equation does not. The
serum creatinine value differences may not be apparent in
younger children, but could start having a significant effect on
eGFR calculations in adolescents as they progress through
puberty.

A noteworthy and potentially concerning finding was the
significantly greater proportion of Hispanic adolescents with

Table 4. Associations between hyperfiltration and clinical abnormalities

Odds ratio 95% CI P-value

Odds of other clinical abnormalities in adolescents with hyperfiltration
Hypertriglyceridemiaa 1.56 (1.05, 2.31) 0.027
ATP-III MetS diagnosisb 1.16 (0.67, 1.99) 0.592
Prediabetesc 1.36 (0.89, 2.07) 0.151

Odds of hyperfiltration given other clinical abnormalities
Hypertriglyceridemiaa 1.62 (1.10, 2.40) 0.015
MetSb 1.60 (0.93, 2.76) 0.093
Prediabetesc 1.35 (0.90, 2.04) 0.147

Survey logistic regression was performed with weighted data and a multivariate model
accounting for age, sex, race/ethnicity, socioeconomic status, and BMI z-score.
Significant differences are shown in bold (P < 0.05).
aTriglyceride level �110 mg/dL.
bATP-III MetS diagnosis was defined by a modified set of pediatric criteria: BMI z-score
�1.645, fasting glucose �100 mg/dL, fasting triglycerides �110 mg/dL, HDL �40 mg/
dL and systolic or diastolic blood pressure exceeding the 90th percentile for height, age
and sex [31].
cHb A1c >5.7% to <6.4% or fasting glucose >100 mg/dL but <125 mg/dL [32].
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|hyperfiltration. Compared with their non-Hispanic white or

black peers, Hispanic adolescents were approximately twice as
likely to have hyperfiltration. Although there has been a rapid
increase in the incidence and prevalence of end-stage renal dis-
ease (ESRD) in Hispanics over the last 2 decades [55],
Hispanics have not been well represented in most large studies
and clinical trials of CKD [56]. Further research is needed to
determine whether the greater prevalence of hyperfiltration in
Hispanic adolescents could be related to the increasing rates of
CKD and ESRD in Hispanic adults.

We found that children with both hyperfiltration and albu-
minuria had findings of dyslipidemia and insulin resistance
despite having lower BMI z-scores. However, albuminuria was
not found to have associations with hyperfiltration, MetS and
prediabetes in this study. In this study of adolescents without
diabetes, albuminuria may have limited functionality as an
assessment of hyperfiltration outcome due to a high prevalence
of benign orthostatic proteinuria in this population [57]. More
rigorous assessments, such as assessment of void before rising
in the morning, remain necessary for a more definitive test of
the relationship between hyperfiltration and albuminuria in this
age range.

All studies of hyperfiltration are limited by the lack of a clear
eGFR cutoff between glomerular hyperfiltration and normal
kidney function. We designated eGFR >120 mL/min/1.73 m2

as hyperfiltration for several reasons. This definition has been
previously used as the threshold for hyperfiltration in other
studies [36–40, 58]. A recent study found glomerular hyperfil-
tration to be linked to cardiovascular risk factors in non-
diabetic adults with the highest 20% of GFR [5]. Using 120 mL/
min/1.73 m2 as the hyperfiltration threshold resulted in �13%
of nondiabetic adolescent NHANES participants having glo-
merular hyperfiltration, suggesting potential for a significant
number of adolescents at higher risk.

Additionally, the lower cutoff for defining normal filtration
is unclear. For adolescents with eGFR values between 60 and 90
mL/min/1.73 m2, additional studies need to be performed to
differentiate normal status versus early stage CKD [4]. A pre-
vious study estimated that�9% of adolescents had eGFRs <75,
suggesting a significant number of NHANES adolescent partici-
pants with eGFRs between 75 and 90 for which CKD status was
indeterminate [59]. In a sensitivity analysis, we lowered the cut-
off for normal filtration to 75. While fasting insulin and
HOMA-IR were still significantly elevated in the hyperfiltration
group, the differences in fasting triglyceride measurements were
not observed. The reason for this difference when assessing the
expanded normal filtration group is unclear; however, this may
reflect that a small number of participants with eGFRs between
75 and 90 may have CKD and exhibit CKD-associated eleva-
tions in fasting triglycerides—raising the mean value of the
expanded normal filtration group. Further evaluation of differ-
ences in metabolic status between those with hyperfiltration,
normal filtration and confirmed CKD are needed in this age
range.

We were limited in our dependence on the Schwartz bedside
formula to determine eGFR. The Schwartz bedside formula had
been previously validated in epidemiological studies [33–35].
While the creatinine–Cystatin–C–based CKID equation has

been shown to be more accurate for estimating GFR in the 15–
75 range, this equation has not been validated outside of that
range [60]. Another potential important advantage of future use
of the creatinine-Cystatin-C-based equation is that studies sug-
gest it is a more accurate estimation of GFR in more obese indi-
viduals [52]. We were unable to use the combined formula
because cystatin C measurements were only available in a small
subset of adolescent NHANES participants.

Because NHANES is a cross-sectional survey study, we were
only able to assess correlation and not causation and were
unable to obtain longitudinal follow-up. For participants
deemed to have hyperfiltration, we were unable to follow renal
function status over multiple time points. This presents an
opportunity for future studies in longitudinal cohorts.

In conclusion, glomerular hyperfiltration is associated with
hypertriglyceridemia and reduced insulin sensitivity in adoles-
cents without diabetes, independent of BMI z-score.
Hyperfiltration is particularly common among Hispanic adoles-
cents. These findings may have significance for assessing for
metabolic abnormalities among children who have hyperfiltra-
tion and potentially intervening with lifestyle modifications to
improve their metabolic status.
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A B S T R A C T

Background. The association of chronic kidney disease (CKD)
and dialysis with suicide is not well established. The objectives
of this study were to assess the association of suicide with CKD
and dialysis and investigate whether differences exist between
dialysis modalities or the durations of dialysis.
Methods. Data were obtained from the Taiwan National Health
Insurance Research Database. A total of 51 642 patients who
died from suicide between 2000 and 2012 and 206 568 living
control patients matched by age, gender and residency area
were examined. Known risk factors included sociodemographic
characteristics, physical comorbidities and psychiatric disorders,
which were controlled for as covariates in the analysis. The
crude odds ratios (ORs) and adjusted ORs (aORs) for various
risk factors were obtained using conditional logistic regression.
Results. After potential confounders were controlled for, CKD
was significantly associated with an increased risk of suicide
[aOR ¼ 1.25, 95% confidence interval (CI) ¼ 1.17–1.34]. End-
stage renal disease patients on haemodialysis (HD) had an
increased risk of suicide compared with controls (aOR ¼ 3.35,
95% CI ¼ 3.02–3.72). Moreover, patients who initially under-
went dialysis within 0–3 months had a significantly increased
risk of suicide (aOR¼ 20.26, 95% CI¼ 15.99–25.67).

Conclusions. CKD and HD are positively associated with sui-
cide. Suicide is preventable; therefore, assessing mental and physi-
cal disorders is essential and recommended to all physicians, par-
ticularly those treating patients in the early phase of HD.

Keywords: CKD, dialysis, haemodialysis, suicide

I N T R O D U C T I O N

Chronic kidney disease (CKD) patients, especially those with
end-stage renal disease (ESRD), have a reduced quality of life
and a high mortality rate [1, 2]. The increasing number of CKD
patients requiring dialysis [haemodialysis (HD) or peritoneal
dialysis] or kidney transplantation has become a global public
health problem and has resulted in a substantial burden on
health care resources [3, 4]. In addition, CKD is a devastating
disease that results in major physical and psychological disor-
ders and severe social problems in patients, families and even
society, which are well-known risk factors for suicide [5, 6]. As
the population ages and the incidence of chronic diseases
increases, the number of CKD patients continues to increase in
Taiwan and globally [2, 3, 6]. The USA and Taiwan have the
highest rates of ESRD [7], and HD has been the most common
mode of dialysis [4, 8]. However, the direct effects of CKD and||
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