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Abstract
Background and objectives Evaluation of glomerular hyperfiltration (GH) is difficult; the variable reported
definitions impede comparisons between studies. A clear and universal definition of GH would help in
comparing results of trials aimed at reducing GH. This study assessed how GH is measured and defined in the
literature.

Design, setting, participants, & measurements Three databases (Embase, MEDLINE, CINAHL) were systemat-
ically searched using the terms “hyperfiltration” or “glomerular hyperfiltration”. All studies reporting a GH
threshold or studying the effect of a high GFR in a continuous manner against another outcome of interest were
included.

Results The literature search was performed fromNovember 2012 to February 2013 and updated in August 2014.
From 2013 retrieved studies, 405 studies were included. Threshold use to define GH was reported in 55.6% of
studies. Of these, 88.4% used a single threshold and 11.6% used numerous thresholds adapted to participant sex or
age. In 29.8% of the studies, the choice of a GH threshold was not based on a control group or literature references.
After 2004, the use of GH threshold use increased (P,0.001), but the use of a control group to precisely define
that GH threshold decreased significantly (P,0.001); the threshold did not differ among pediatric, adult, or mixed-
age studies. The GH threshold ranged from 90.7 to 175 ml/min per 1.73 m2 (median, 135 ml/min per 1.73 m2).

Conclusion Thirty percent of studies did not justify the choice of threshold values. The decrease of GFR in the
elderly was rarely considered in defining GH. From a methodologic point of view, an age- and sex-matched
control group should be used to define a GH threshold.

Clin J Am Soc Nephrol 10: 382–389, 2015. doi: 10.2215/CJN.03080314

Introduction
The number of patients developing CKD is increasing,
reaching epidemic proportions (1). The increase is
mostly secondary to diabetes mellitus and hyperten-
sion (2). Both disorders are characterized by a pro-
gressive loss of renal function. Although not a unique
cause of chronic kidney function loss, glomerular hy-
perfiltration (GH) is thought to play an important
role in the initiation of glomerular damage, especially
in the diabetic patient. It is thought that GH is caused
first by alteration in tubuloglomerular feedback and
the activation of vasoactive mediators, such as the nitric
oxide, cyclooxygenase-2–derived prostanoids, the renin-
angiotensin system, protein kinase C, and endothelins,
which increase glomerular capillary pressure and lead
to secondary increases in GFR (detected as GH) (3).

GH has been described mainly in patients with
diabetes mellitus (4) but has also been reported in
patients with sickle disease (5), hypertension (6), hy-
peraldosteronism (7), pregnancy (8), and obesity/
metabolic syndrome (3). An estimated 70% and 50%
of patients with type 1 and 2 diabetes, respectively,
develop GH early in their disease (9). GH has been
reported as a predictor of overt diabetic nephropathy

(10), although this remains debated (11). The presence
of GH has also been associated with an increased risk
of stroke in a large epidemiologic study (12). Finally,
GH can be intentionally provoked and assessed when
patients are subjected to a high-protein meal to eval-
uate their renal reserve (13).
Although GH plays an important role in the ini-

tiation of CKD, it is only one of several mechanisms
leading to renal insufficiency. Many patients reach ESRD
without going through a hyperfiltering stage.
Despite this renewed interest in GH, a clear defini-

tion in the literature is strikingly absent (9). This makes
comparisons between studies difficult. Several factors
contribute to the difficulty in establishing a clear defini-
tion of GH: (1) the wide variety of GFR methods used,
each of them comparing differently with the gold stan-
dard (i.e., inulin clearance); (2) the naturally decline in
GFR that accompanies advancing age; (3) the difference
between men and women; and (4) the differences be-
tween distinct ethnic populations.
Beyond the purely methodologic aspect of this

research study, a clinical impact of defining GH cutoff
can be found in randomized controlled trials (RCTs)
targeting hyperfiltration pharmacologically (using
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angiotensin-converting enzyme inhibitors) or surgically (bariatric
surgery) (Supplemental Material 1). Furthermore, it is im-
portant to define a group of patients in whom hyperfiltration
can be followed by a progressive decline of renal function.
We therefore systematically reviewed the literature to

assess how GH is evaluated and reported in the literature.
We also explored potential determinants for reporting and
defining GH threshold, such as sex and age of the participants
and methods used to assess GH.

Materials and Methods
The methods are reported in details in Supplemental

Material 2.

Protocol and Registration
The protocol has been registered with the PROSPERO

database of prospectively registered systematic reviews in
health and social care (14).

Data Sources
We performed a systematic review of the literature from

November 2012 to May 2014 using the following databases:
MEDLINE (1951–May 2014), Embase (1980–May 2014),
CINAHL (1981– May 2014). The search was conducted
using the keyword “hyperfiltration” (MEDLINE and CINAHL)
and “glomerular hyperfiltration” (Embase). Research strat-
egy can be found in Supplemental Material 3. No limits on
time, language, or type of study were placed on any primary
database search. This systematic review was reported

according to the 2009 Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement,
which is included in Supplemental Material 4.

Study Selection
We included studies assessing GFR evaluation in humans.

All study types except experimental studies were included
(i.e., clinical and epidemiologic studies). Details of the study
designs can be found in Supplemental Material 2. Two of the
authors (F.C., H.C.) reviewed the abstract and then the full
text of each article. All articles with a GH threshold were
automatically recorded. Retrieved articles that did not
report a GH threshold but explored the effect of GFR against
another outcome of interest, such as BP, proteinuria, micro-
albuminuria, stroke, or death, were also recorded.

Data Collection
For each included study, items were extracted and recorded

in duplicate by two independent reviewers, according to the
Cochrane Methods Working Group on Systematic Reviews
of Screening and Diagnostic Tests. Details of the recorded
data can be found in Supplemental Material 5 (results: main
findings).

Statistical Analyses
Study characteristics were described by percentages and

were compared across publication time period using chi-
squared tests or Fisher exact tests. Association between the
characteristics of studies and the use of thresholds were
assessed using a mixed-effect logistic regression model. A

Figure 1. | Flow chart of study selection process.
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random effect on the intercept was introduced in the model
to account for the first author because one author may publish
several papers and an author may probably follow a sim-
ilar approach in various studies. Factors associated with
the threshold values were also explored by using a linear
model. This analysis was conducted on the subgroup of
studies reporting a single threshold value expressed in
ml/min per 1.73 m2. Because few authors had two more
publications in this subgroup, random effects were not
introduced in the linear model. A meta-regression analysis
was conducted to test the hypothesis that the proportion
of participants classified as hyperfiltering depends on the
chosen threshold to define GH in each particular study.
Details of the meta-regression can be found in Supple-
mental Material 2 (15,16). All analyses were conducted
with S-plus for Windows 8.0 (Insightful Corp., Seattle,
WA), Stata/IC 10.1 for Windows (Stata Corp., College
Station, TX), and Comprehensive Meta-Analysis 2 (Biostat,
Englewood, NJ). Inter-rater concordance was evaluated
using the k concordance test. Significance was established
at P value ,0.05.

Results
The study selection flow chart is depicted in Figure 1. All

included studies appear in Supplemental Material 6 (bib-
liographic findings). A complete list of all retrieved but not
included studies is available upon request from the corre-
sponding author. Inter-rater agreement (Cohen k coeffi-
cient beyond chance) for study selection was 0.615 (95%
confidence interval, 0.574 to 0.655). Two studies reporting
only filtration fraction and no GFR were also excluded
after initial inclusion, before final analysis. Four hundred
five studies were included in the final analysis. A table
with references and a description of all included studies
can be found in Supplemental Material 5.
Studies characteristics are depicted in Table 1. Most

studies were observational, with a cohort, case-control,
or cross-sectional design. The sample sizes were heteroge-
neous, but more than half of the studies had ,50 patients.
Although only 27.7% of studies were published in diabetes
journals, approximately 50% of studies reported on pa-
tients with diabetes or obesity/metabolic syndrome, and
this percentage remained stable over time. Most patients
were adults. Thirteen different methods to assess GFR
were reported. The most frequent methods to assess GFR
belonged to the category “isotopes, iohexol,” but no
method appeared as a preferred one. Most of these char-
acteristics varied significantly over time (Table 2). Recent
studies (after 2004) more frequently had an observational
design and a larger sample size. Renal reserve was the
research topic in 25% of the papers before 1995, and this
dropped significantly to ,4% after 2005, when the litera-
ture saw a surge in studies of GH in other conditions, such
as hypertension and hyperaldosteronism, sickle cell dis-
ease, and glycogen storage diseases. Over time, the use
of inulin clearance decreased from 32% before 1995% to
22% after 2005, whereas the use of formulas increased dur-
ing the same period from 0% to .35%.
More than half of studies (n=225 [56%]) defined GH; 199

of these (88.4%) used a single threshold, whereas 26 stud-
ies used several thresholds or a continuous threshold

adjusted for age and/or sex (Table 1). Three studies also
used several thresholds that were specific to methods for
GFR assessment or derived in various control groups, with-
out age or sex adjustment. Most studies (n=204 [91%])
using a threshold explicitly reported the value of the thresh-
old or the age- or sex-adjusted formula, whereas 21 studies
mentioned the use of a GH threshold, without reporting it.
Only 23.1% of studies used a control group, and 29.8% of

Table 1. Characteristics of studies (n=405) and glomerular
hyperfiltration thresholds

Characteristic Data

Study
Study type
Observationala 271 (66.9)
Interventionalb 134 (33.1)

Context
Diabetes, obesity/metabolic
syndrome

223 (55.1)

Renal reserve 50 (12.3)
Others 132 (32.6)

Patient age
Pediatric 43 (10.5)
Adult 276 (68.3)
Pediatric and adult 85 (21.0)

GFR evaluation methodc

Inulin clearance 116 (28.6)
Isotopes, iohexol 149 (36.8)
Creatinine clearance 77 (19.0)
Formulas 65 (16.0)

Is binary definition of
hyperfiltration used?

No 180 (44.4)
Yes 225 (55.6)

GH threshold
Single threshold 199/225 (88.4)
Numerous or continuous
(including equations)

26/225 (11.6)

Age-dependent only 3
Sex-dependent only 5
Age- and sex-dependent 13
Unrelated to age/sexd 5
Reference for GH threshold
No justification 67/225 (29.8)
References/previous work 94/225 (41.8)
Assessed in a control group
of the same study

52/225 (23.1)

Assessed on the sample itself 12/225 (5.3)

Values are expressed as the number (percentage) of studies.
GH, glomerular hyperfiltration.
aIncludes prospective/retrospective cohort studies, un-
controlled longitudinal studies, case series, case-control stud-
ies, nested case-control studies, and cross-sectional studies.
bIncludes randomized controlled trials, quasi-randomized
controlled trial, before-after trials, and crossover trials.
cThree studies used several GFR evaluation methods.
dOne study used two methods for GFR evaluation and used
specific cutoffs for each method, one study used two different
cutoffs from the literature (same method for GFR evaluation),
one study used two cutoffs derived from two control groups
(same method for GFR evaluation), one study used a formula
independent of age and sex).
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studies mentioned no sources or references for the reported
GH threshold; GH threshold value was based on previous
published work (personal or otherwise) in 41.8% of the pa-
pers. Among 57 studies reporting literature data to define
GH cutoffs, 30 (53%) used the same GFR evaluation method.
Use of a binary definition of GH increased significantly

over time (Table 2). However, at the same time, we observed a
significant decrease in studies using a control group to define
the threshold value, from 45.6% to ,10%. In contrast, the use
of references or previous work to define the GH threshold
increased from 36.8% to 49.1%. More studies published after
2004 than before did not justify choice of GH threshold (33.0%
versus 15.8%). According to a multivariate analysis (mixed-
effect logistic regression model) (Table 3), interventional
studies were less likely to use a GH threshold, whereas
participant age did not affect GH threshold use. Studies in
diabetic patients and studies using isotopes or formulas to
assess GH were more likely to use a GH threshold.
Among the 199 studies using a GH definition with a

single threshold, 163 studies (81.9%) reported the threshold
value with expression of GFR in ml/min per 1.73 m2. In this
set of studies, the median GH threshold was 135 ml/min per
1.73 m2 (range, 90.7–175 ml/min per 1.73 m2) (Figure 2). The

value of 135 was also the most frequently used (20.1% of
studies). Half of studies reported a threshold value between
130 and 140 ml/min per 1.73 m2 (first and third quartiles).
We also explored the associations between study character-
istics and threshold values. Results are shown in Table 4.
The age of patients had no effect on GH threshold. Studies
using formulas to estimate GFR reported a significantly
lower GH threshold than studies using other GFR evalua-
tion methods. The percentage of patients with GH, reported
in 130 studies (86.1%), ranged from 6.1% to 100.0%,
indicating a high heterogeneity (I2=92%). The threshold
value was not associated with the percentage of patients
with GH (P=0.74): The observed heterogeneity was not ex-
plained by the threshold value (the odds ratio per 10 ml/min
per 1.73 m2 was 0.98 (95% confidence interval, 0.84 to 1.13;
P=0.74).
Rounded values (multiples of 10) for GH threshold were

reported in 47.6% of all papers. This percentage went up to
75.0% in studies giving no justification and no literature
reference for the threshold choice, and it decreased to
around 33% for studies that cited a reference, included a
control group, or estimated threshold value on the basis of
the same population sample.

Table 2. Trends for characteristics of studies (n=405) and glomerular hyperfiltration (n=225) according to publication year

Characteristic 1994 or Earlier
(n=132)

1995–2004
(n=117)

2005 or Later
(n=156) P Value

Study type ,0.001
Observationala 72 (54.5) 80 (68.4) 119 (76.3)
Interventionalb 60 (45.5) 37 (31.6) 37 (23.7)

Context ,0.00
Diabetes, obesity/metabolic
syndrome

72 (55.7) 67 (56.0) 84 (50.3)

Renal reserve 35 (25.2) 11 (10.3) 4 (3.4)
Other 25 (19.1) 39 (33.6) 68 (46.3)

Patient age 0.04
Pediatric 9 (6.9) 8 (6.8) 26 (16.7)
Adult 93 (71.0) 86 (73.5) 97 (62.2)
Pediatric and adult 29 (22.1) 23 (19.7) 33 (21.2)

Median sample size (IQR) 20 (12–52) 33 (20–85) 89 (41–291) ,0.001
GFR evaluation method
Inulin clearance 42 (31.8) 40 (34.2) 34 (21.8) 0.05
Isotopes, iohexol 63 (47.7) 47 (40.2) 39 (25.0) ,0.001
Creatinine clearance 27 (20.5) 20 (17.1) 30 (19.2) 0.79
Formulas 0 (0.0) 10 (8.5) 55 (35.3) ,0.001

Use of GH threshold ,0.001
No 75 (56.8) 61 (52.1) 44 (28.2)
Yes 57 (43.2) 56 (47.9) 112 (71.8)
If yes, use of several or
continuous thresholds?

1/57 (1.8) 6/56 (10.7) 19/112 (17.0) 0.01

If yes, definition reported? 51/57 (89.5) 48/56 (85.7) 105/112 (93.8) 0.23
If yes, what justification? ,0.001
None 9/57 (15.8) 21/56 (37.5) 37/112 (33.0)
Reference/previous work 21/57 (36.8) 18/56 (32.1) 55/112 (49.1)
Control group same study 26/57 (45.6) 15/56 (26.8) 11/112 (9.8)
Sample itself 1/57 (1.8) 2/56 (3.6) 9/112 (8.0)

IQR, interquartile range.
aIncludes prospective/retrospective cohort studies, uncontrolled longitudinal studies, case series, case-control studies, nested case-
control studies, and cross-sectional studies.
bIncludes randomized controlled trials, quasi-randomized controlled trials, before-after trials, and crossover trials.
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Discussion
The main finding of our study is that GH threshold,

when reported, varies between studies, ranging from 90.7
to 175 ml/min per 1.73 m2, although half of GH thresholds
lie between 130 and 140 ml/min per 1.73 m2. Studies

reporting a GH threshold often have no control group
and do not adapt their GH threshold to the naturally de-
clining renal function in the elderly. This could render
some study conclusions unreliable and also make compar-
ison between studies difficult.
We explored whether characteristics of the studies or

the participants could explain the differences in report-
ing frequency and values of GH threshold. The commonly
used methods to measure GFR can give very different
values. We identified 13 different methods to evaluate
GFR. Against the gold standard evaluation, which is inulin
clearance, precision and accuracy of creatinine clearance,
isotope clearance, and formulas greatly vary (17). This is
especially true with high GFR values or high filtration frac-
tion (18). Both the Modification of Diet in Renal Disease
Study and the Cockcroft–Gault formulas systematically
underestimate GFR, especially at high levels (.60 ml/min
per 1.73 m2), which might particularly compromise their
suitability in patients with incipient kidney disease and
hyperfiltration (19). In contrast, the CKD Epidemiology
Collaboration equation might be a superior surrogate
marker of GFR in patients with hyperfiltration (20,21). In-
deed, studies using formulas to estimate GFR had a signif-
icantly lower GH threshold than studies using any other
GFR estimation method. On the other hand, diethylenetria-
minepenta-acetate gives systematically slightly higher re-
sults (22). Cr-51 EDTA plasma clearance seems to be the
most accurate method to assess GFR, besides inulin clear-
ance (23). The interpretation of the results should consider
the various performances of the GFR method used. If GH
threshold is taken from the literature, the same GFR
method should have been used in both the experimental
group and the control group.
In addition to the choice of method for GFR measure-

ment, body mass index is another important predictor of
GH; obese individuals have a much higher GFR than their
lean counterparts. Some authors demonstrated that adjust-
ment of GFR to body surface area decreases the preva-
lence of participants with hyperfiltration (24,25). This should
be taken into account in the development of future GH
guidelines.
Thirty percent of studies had no control groups for de-

fining the normal upper GFR level. Ideally, a control group
with similar characteristics, in particular age and sex, should
be included to define a GH threshold. If unable to have an
age-adjusted control group, authors should at the minimum
select from the literature a control group with characteristics
similar to those of their participants and with similar GFR
evaluation methods. Among the four studies reporting a
GH threshold ,2 SDs of the median (of this systematic
review), three used their own control group, with age ad-
justed to their study population (26–28). These three stud-
ies were performed in Japan and Taiwan, and GFR was
indexed for body surface area, which is lower in Asian
population (29). On the other hand, four of five studies
with GH threshold .2 SDs of the median had no control
group or even references (30–33).
We observed a significant increase over time in the use of

formulas to assess GFR. This, together with an increasing
use of GH threshold with no justification/control group,
could contribute to an increase in the uncertainty of the
findings of future studies.

Table 3. Characteristics of studies and the use of glomerular
hyperfiltration threshold (multivariate analysis, mixed-effect
logistic regression model)

Characteristic
Odds Ratio ((95%

Confidence
Interval)

P
Value

Study type
Observationala 7.21 (1.95 to 26.67) 0.003
Interventionalb Reference

Context
Diabetes, obesity/
metabolic
syndrome

Reference 0.001

Renal reserve 0.02 (0.00 to 0.19) 0.001
Others 0.31 (0.12 to 0.83) 0.02

Patient age
Pediatric Reference 0.18
Adult 0.46 (0.13 to 1.65) 0.24
Pediatric and
adult

1.06 (0.26 to 4.39) 0.94

GFR evaluation
method

Inulin
clearance

Reference 0.03

Isotopes,
iohexol

7.15 (1.81 to 28.21) 0.005

Creatinine
clearance

3.97 (0.97 to 16.26) 0.06

Formulas 8.67 (1.76 to 42.72) 0.008

aIncludes prospective/retrospective cohort studies, un-
controlled longitudinal studies, case series, case-control stud-
ies, nested case-control studies, and cross-sectional studies.
bIncludes randomized controlled trials, quasi-randomized
controlled trials, before-after trials, and crossover trials.

Figure 2. | Hyperfiltration cutoff. Distribution of threshold values
with expression of GFR inml/min per 1.73m2 reported in 151 studies
with a single threshold. Median (minimum, maximum), 135 (90.7,
175); first and third quartiles, 130 and 140; mean6SD, 134.6611.7.

386 Clinical Journal of the American Society of Nephrology



GH thresholds that were reported in pediatric studies
were not significantly different from studies that included
mixed-age or adult populations. This is surprising because
GFR changes dramatically over time: After a sharp increase
in the first 2 years of life (34), GFR stabilizes at 90–120 ml/min
per 1.73 m2. From the third decade of life, GFR declines at
approximately 0.75 ml/min per year at the beginning,
reaching 3 ml/min per year in elderly persons age 70–110
years (35). It also varies, to a lesser extent, with sex (being
lower in women) and race. Future studies should consider
declining renal function in the elderly.
The meta-regression analysis showed that the level of

GH threshold had no effect on the number of participants
classified as hyperfiltering or not. Despite wide variability,
this was not explained by the GH threshold. For half of
studies, GH threshold was between 130 and 140 ml/min
per 1.73 m2, and this might explain the negative finding.
GH threshold values were frequently rounded to the

nearest zero. This rounding effect was significantly more
common in studies without a control group. Zero end-digit
preference happens in BP recording (36). This rounding
effect leads to additional imprecision in the classification
(and potentially management) of patients with GH.
The clinical implication of GH cutoff choice remains to be

demonstrated. Recently, Eriksen et al. (37) unmasked an
independent link between a high GFR and subclinical car-
diovascular damage, independent of diabetes, opening the
way for future epidemiologic and interventional studies.
Indeed, several RCT are studying the consequences of GH,
the indications for a specific treatment (such as angiotensin-
converting enzyme inhibitors or bariatric surgery), and the
evaluation of potential benefits (Supplemental Material 1). In
addition, some authors have already suggested integrating
multiple levels of GH (38) in the different CKD groups.
However, to the best of our knowledge, no consensus

guidelines currently established by the Kidney Disease Out-
comes Quality Initiative (39), or other guidelines organiza-
tions, such as the National Guidelines Clearinghouse,
National Institute for Health and Care Excellence, Canada’s
database of clinical practice guidelines, the Scottish Intercol-
legiate Guidelines Network, and Guidelines International
Network, define and integrate GH in their recommenda-
tions. Future studies should be conducted to determine the
prognostic effect of GH on patient-relevant outcomes. We
suggest that GH threshold be adjusted for age and sex, espe-
cially in studies including children or the elderly, groups with
physiologically rapidly changing GFR. In studies including a
population with a narrow age range, a reference to a previ-
ously published control group sharing the same characteristics
(age; sex; race; and, ideally, methods for GFR measurement)
can be used.
Our analysis had some limitations. Only studies re-

trieved using the words “hyperfiltration” or “glomerular
hyperfiltration” were included. Studies of glomerular hy-
perfiltration that are not indexed in MEDLINE or Embase
under these search terms may have been missed. How-
ever, after an extensive hand search of all references in
review papers, we identified only 37 additional papers.
Although repeat creatinine or cystatin measurement and

their subsequent clearances show great within-participant
variability (40,41), no included studies assessed renal func-
tion more than once in any one patient, which could also
lead to patient misclassification and therefore decrease the
generalizability of our findings.
In conclusion, different methods to detect GH were found

in the literature. In addition, reported reference values to de-
fine GH varied from 90 to 175 ml/min per 1.73 m2. However,
most reported GH cutoffs ranged from 130 to 140 ml/min per
1.73 m2. Most studies did not report an appropriate age- and
sex-adjusted control group. To avoid the limitations of a

Table 4. Characteristics of studies and value for glomerular hyperfiltration (multivariate analysis, linear regression analysis)

Characteristic No. of Studies Mean Cutoff6SD Adjusted Mean
Difference6SEM P Value

Context
Diabetes, obesity/
metabolic syndrome

113 134.868.8 Reference

Other 49 134.0616.8 0.362.5 0.90
Patient age 0.24
Pediatric 27 137.7616.1 Reference
Adult 92 133.6610.1 24.562.7 0.10
Pediatric and adult 43 134.5611.7 24.062.8 0.16

GFR evaluation method 0.002
Inulin clearance 38 137.869.8 Reference
Isotopes, iohexol 73 134.169.7 23.362.3 0.15
Creatinine clearance 25 137.6613.4 0.663.3 0.87
Formulas 26 128.0615.2 210.763.2 0.001

Justification of cutoff 0.05
None 51 135.0612.6 Reference
Reference/previous
work

70 134.8610.2 22.062.2 0.37

Control group 35 135.469.9 20.662.7 0.83
Same sample 6 122.7623.6 213.965.0 0.006

b values represent mean adjusted difference (compared with the reference in each category).
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defined GH cutoff due to the absence of guidelines, associa-
tion between GH and outcomes such as death, CKD, or mi-
croalbuminuria may be best studied on a continuous rather
than dichotomous basis, as has been shown with hyperten-
sion (42) and microalbuminuria (43).
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