Glomerular hyperfiltration - a new marker of metabolic risk
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Abstract

Chronic kidney disease coexists with metabolic syndrome and this relationship may be
apparent prior to overt manifestations of cardiovascular disease.

To investigate early stages of the natural history of associations between renal function
and metabolic syndrome, we phenotyped 1572 young (mean age - 18.4 yrs.), apparently
healthy men for metabolic risk factors and estimated their creatinine clearance based on
the Cockcroft-Gault equation.

High metabolic risk (clustering of at least three metabolic risk factors) was revealed in
8.7% (137) of the subjects and was associated with a 6.9-fold increase in the odds of
glomerular hyperfiltration (95% CI: 3.9-11.5) when compared to reference (from none to
two metabolic risk factors). Overweight, elevated blood pressure and low HDL-
cholesterol increased the multivariate-adjusted odds ratio of glomerular hyperfiltration to
6.6 (95% CI: 3.8-11.6), 1.8 (95% CI: 1.0-3.0) and 2.5 (95% CI: 1.5-4.3), respectively.
Systolic and diastolic blood pressures clustered together with leptin in the factor analysis
and this blood pressure-adiposity component correlated with estimated creatinine
clearance (r=0.329, p<0.0001) and explained on its own 10.2% of the variance in the
estimated renal function.

Our data reveal the silent epidemics of metabolic risk among young, apparently healthy
men. Furthermore, the results indicate that high metabolic risk is associated with
glomerular hyperfiltration prior to overt manifestations of cardiovascular disease.
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Introduction

Decreased circulating concentrations of HDL-cholesterol (HDL), increased plasma levels
of triglycerides (TG) and glucose, elevated blood pressure and obesity are well-known
metabolic risk determinants (1). Clustering of at least three of these factors fulfils the
criteria of metabolic syndrome (MS) according to the Third Report of the National
Cholesterol Education Program (NCEP) (1). MS precedes several common morbidities
including cardiovascular disease (2) as well as type 2 diabetes (3) and the recent
studies suggest that it may contribute to chronic kidney disease (CKD) (4). Accumulating
data indicate that in subjects recruited from the general population MS is associated with
increased risk of decline in glomerular filtration (5) whilst in patients with CKD major
metabolic risk factors (such as elevated triglycerides and low HDL-cholesterol)
accelerate progression to end-stage renal disease (6). Furthermore, elevated metabolic
risk augments the risk of microalbuminuria (5) and proteinuria (7). Collectively, these
data from middle-aged populations provide compelling evidence that increased
metabolic risk may exert a negative effect on renal function and structure.

The increasing prevalence of overweight and type 2 diabetes in young adults and
children indicates that metabolic risk continuum begins in young adulthood, or indeed in
childhood (8). Consequently, the natural history of the associations between MS and its
co-morbidities, including CKD, may also begin early in life. Using a well-phenotyped,
epidemiologically representative sample of apparently healthy, young men we
investigated whether increased metabolic risk could be associated with markers of renal

function prior to overt clinical manifestations of cardiovascular disease.



Results

High prevalence of metabolic syndrome risk factors among young, apparently
healthy men

General characteristics of the study group are presented in Table 1. Out of five major
metabolic risk factors, the most common was decreased HDL-cholesterol — 38.1% (599),
followed by elevated blood pressure — 24.1% (380), overweight — 18.4% (290),
increased circulating concentrations of triglycerides — 12.9% (203) and elevated plasma
glucose levels — 8.4% (133).

35.0% (551) men had no metabolic risk factors. One metabolic risk factor was confirmed
in 39.4% (619) of subjects. Two, three, four and five metabolic risk factors clustered
together in 16.9% (265), 6.2% (98), 2.2% (35), 0.3% (4) of subjects, respectively. High
metabolic risk (defined as clustering of at least three metabolic risk factors) was

revealed in 8.7% (137) of the participants.

Estimated creatinine clearance increases with escalating metabolic risk

There was a gradual increase in absolute estimated Ccr across the cumulating number
of metabolic risk factors (Figure 1). Indeed, the 75% percentile of crude Ccr in healthy
men (no metabolic risk factors) corresponded to the median and 25% percentile of Ccr
in subjects with 3 and 4 or more metabolic risk factors, respectively. Adjustment for
obvious cofounders - age and fat free mass did not attenuate this difference (p<0.0001).
Inclusion of insulin resistance index (measured by homeostatic model assessment -
HOMA-IR) in the adjustment analysis did not abolish the difference in Ccr among the

men representing the whole spectrum of metabolic risk (p<0.0001).



Hyperfiltration is associated with elevated metabolic risk but not with
hyperglycaemia

4.1% (65) of the men exhibited glomerular hyperfiltration, according to the previously
published criteria (9). High metabolic risk was associated with a 6.9-fold increase in the
odds of hyperfiltration (Cl: 3.9-11.5, p<0.0001) when compared to the low metabolic risk
group (subjects with less than 3 metabolic risk factors). Quantitative indicators of
metabolic profile were worse in hyperfiltrators when compared to normdfiltrators (Table
2). Paradoxically, hyperfiltration was not associated with hyperglycaemia - in fact,
median plasma glucose levels were lower in men with hyperfiltration compared to

normofiltrators (Table 2).

Crude and adjusted odds ratios of glomerular hyperfiltration in relation to individual
metabolic risk factors are presented in Table 3. Elevated blood pressure, low HDL, high
circulating concentrations of triglycerides [according to the NCEP criteria (1)] and being
overweight were associated with the increased odds ratios of glomerular hyperfiltration
in the crude analysis (Table 3). After adjustment for other demographic and metabolic
variables, only high body mass index (BMI), elevated blood pressure as well as low HDL

remained associated with the increased odds ratio of hyperfiltration (Table 3).

Crude and adjusted associations between leptin and estimated creatinine
clearance

Leptin was associated with estimated Ccr (r=0.538, p<0.001 and T=7.93, p<0.0001 in
Person’s correlation and regression analysis, respectively) and this association

remained significant after controlling for BMI in the multiple regression analysis (T=2.54,



p=0.012). Inclusion of leptin and major elements of metabolic risk in the multivariate
factor analysis has resulted in extraction of four major independent components that
explained 70.9% of variance in the metabolic risk variables within this stratum of data
(Table 4). The insulin sensitivity factor (driven by HOMA-IR index and log insulin), blood
pressure — adiposity factor [driven by systolic (SBP) and diastolic (DBP) blood pressures
as well as leptin], lipid factor (driven by HDL-cholesterol and triglycerides) and mixed
metabolic factor (driven by glucose and LDL-cholesterol) accounted for 21.6 %, 20.5%,
15.8%, 13.0% of the variance within the stratum of metabolic risk data, respectively
(Table 4). Of these, only the blood pressure—adiposity factor was significantly, linearly
correlated with estimated Ccr (r=0.329, p<0.0001) and explained on its own 10.2% of

the variance in Ccr in the multiple regression analysis (T=4.32, p<0.0001).

Discussion

One of the major findings from this study is the evidence for strikingly high prevalence of
major metabolic risk factors among apparently healthy, young men recruited from the
general population. Indeed, only less than half of the subjects had no metabolic risk
factors. Moreover, at least three metabolic risk factors clustered together almost in one
in ten of the subjects. These data reveal an early beginning of the natural history of
metabolic syndrome, way before the manifestations of cardiovascular or renal disease.
Furthermore, our results support the notion that overt cardiovascular disease has its
roots early in youth. Most importantly, in light of general low awareness of
cardiovascular disease risk among young subjects (10), these alarming data stress the
importance of recognising the silent epidemic of metabolic syndrome among apparently

healthy, generally lean men.



We also showed that elevated metabolic risk was associated with renal function.
Specifically, the increasing metabolic risk was associated with a progressive elevation in
estimated Ccr and conversely glomerular hyperfiltration was related to high
cardiovascular risk profile. Both anthropometric and biochemical indices of adiposity and
to a smaller extent - elevated blood pressure were implicated as major determinants of
glomerular hyperfiltration. These results are in agreement with well-documented
contributions of hemodynamic and metabolic factors to renal hyperperfusion (11-12).
One of the major drivers of this association is likely adipose tissue - a source of bio-
molecules with well-documented effects on glomerular structure and function (13-15).
Indeed, several adipocytokines including resistin and adiponectin were associated with
glomerular filtration rate in patients with chronic kidney disease and type 1 diabetes (14-
15). Moreover, hyperleptinaemia was linked to glomerular hyperfiltration in experimental
model of type 2 diabetes (16) and the role of leptin as a potent stimulator of proliferation
within major cellular compartments of the glomeruli was also well-documented (13).
Finally, adipocytokines genes including the leptin receptor were over-expressed in the
glomeruli of patients with biopsy-proven obesity-related glomerulopathy when compared
to the normal controls (17). Collectively, these data suggest that adipocytokines may
mediate, at least in part, the observed association between increased total adiposity and
glomerular hyperfiltration with a potential to foster the development of glomerular
dysfunction and damage.

Association between hypertension and the increased odds of glomerular hyperfiltration,
however modest, is not surprising as elevated blood pressure is recognised as a driver
of increase in glomerular capillary hydraulic pressure and glomerular filtration (11,18).

Clustering of leptin levels with blood pressure in the factor analysis reflects a common



co-existence of overweight and hypertension and suggests that adipose tissue and
elevated BP may indeed interact additively in promotion of the pro-hyperfiltrative
phenotype in men with high metabolic risk. This concept is indeed supported by
previously documented combined effect of overweight and hypertension on increased
filtration fraction and albumin excretion rate in a predominantly male population (19).
However, the mechanistic explanation of this association remains to be elucidated. In
addition, future studies are warranted to dissect individual contribution of both systolic
and diastolic blood pressure to the pro-hyperfiltrative phenotype. Low number of
subjects with exclusively elevated SBP and DBP amongst hyperfiltrators (9 and 1 men,
respectively) did not permit us to address this issue in the current analysis.

Interestingly, elevated plasma glucose levels were not associated with any change in
the odds of glomerular hyperfiltration. In fact, circulating concentrations of glucose were
lower in hyperfiltrators when compared to normofiltrators. Thus, it is unlikely that
hyperglycaemia could be a major driver of glomerular hyperfiltration in young men with
high metabolic risk. Although hyperfiltrators in our study exhibited lower insulin
sensitivity compared to the control group, adjustment for markers of insulin resistance
did not fully account for the difference in Ccr among subjects with different levels of
metabolic risk, and insulin sensitivity factor was not associated with creatinine clearance
in the factor analysis. These data clearly show that the observed increase in estimated
Ccr among men with high metabolic risk is regulated by the mechanisms other than
those observed in the early stage of diabetic kidney disease (20).

The findings of our study provide a unique insight into the natural history of chronic
kidney disease in patients with metabolic syndrome. Major metabolic risk factors

increase the risk of chronic kidney disease (4) and the MS itself is associated with high



odds ratio of CKD among middle-aged and elderly subjects (5). As hyperfiltration is a
predictor of microalbuminuria (21) and occurs in patients with obesity-related
nephropathy (12) prior to the end-stage renal disease, increased Ccr in young subjects
with elevated metabolic risk may be interpreted as an early, and possibly reversible,
marker of target organ damage. However, whether metabolic-related glomerular
hyperfiltration early in life is associated with higher risk of CKD in the future remains to
be confirmed in prospective studies.

Our study has a number of limitations. It should be acknowledged that weight was
present in formulas used to estimate both creatinine clearance and BMI. Consequently,
association between the estimated renal function and overweight might be, at least to
some extent, explained by the mathematical similarities in the equations. However, the
associations between Ccr and total adiposity were replicated in a sub-sample of
subjects in whom leptin concentrations, instead of BMI, were used as a marker of fat
mass. Moreover, previous studies based on direct assessment of glomerular filtration
rate (GFR) and indices of adiposity documented that the risk of hyperfiltration was
higher in obese subjects compared to the normal controls and weight reduction resulted
in a significant decrease in GFR (22). Therefore, irrespective of the presence of the
same parameter in both BMI and Cockcroft-Gault formulas, our findings are biologically
meaningful and are supported by previous clinical observations (12,22). Finally, it should
be stressed that Cockcroft-Gault equation was previously shown as a preferred method
of estimating filtration in young subjects with normal or supra-normal renal function (23).
In contrast, the MDRD equation was not validated in men aged 18 years or younger and
was shown to underestimate GFR in healthy subjects (24). In fact, compared with the

Cockcroft-Gault equation, the MDRD formula was associated with a higher



underestimation of the measured '®l-iothalamate GFR in healthy kidney donors (25). In
addition, although weight is not included in the MDRD equation, the latter correlates
indirectly with body weight measures, including BMI (26). Therefore, in the absence of
direct measurement of renal function and well-validated formula of estimating GFR in
young, apparently healthy men with normal and supra-normal renal function, the
Cockcroft-Gault equation may be the least biased estimator of renal function in the
current analysis. Future studies are warranted to validate different methods of estimated
GFR against the directly measured GFR in large cohorts of young, apparently healthy
subjects with normal renal function and hyperfiltration.

We should also stress that as the recruitment of participants in our study began before
the publication of the most widely used criteria of MS (1); the subjects were not
phenotyped for waist circumference — a well-accepted marker of abdominal obesity at
present (1). However, estimates of associations between waist circumference and BMI
in adolescents showed their excellent correlations (27). In addition, previous
observations confirmed utility of BMI as a substitute of waist circumference in prediction
of metabolic syndrome in men from the West of Scotland Coronary Prevention Study
(WOSCOPS) (3).

Finally, the limits of the cross-sectional character of this study do not allow us to attribute
causation to the detected associations. Future prospective studies are certainly needed
to confirm our findings. Nevertheless, epidemiologically representative sample of
subjects, thorough clinical phenotyping no bias introduced by co-morbidities or
medication confirm the robust character of our data.

In summary, our study has provided strong evidence for a “silent epidemic” of metabolic

risk factors among young, apparently healthy men. We also found that high metabolic
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risk — in particular elevated blood pressure as well as indices of total adiposity — are
associated with glomerular hyperfiltration prior to overt clinical manifestation of
cardiovascular disease. Future studies will focus on confirmation of these findings in
long-term prospective observations, dissection of the relationship between adipose
tissue and glomerular hemodynamics as well as determination of the precise

pathophysiological mechanisms behind these associations.

Methods

A sample of 1754 young, apparently healthy white subjects included in this project
consisted of 1157 men from the previously described YMCA cohort (28) and additional
597 young, healthy males recruited later based on the same study protocol from 8
additional randomly selected secondary schools in the same southern region of Poland
(YMCA-extension). The following were criteria of inclusion: age at least 16 years, self-
declared good health, and willingness to provide a blood sample for further biochemical
and genetic analysis. Out of 1754 men, 182 subjects were excluded from the current
analysis either due to incomplete clinical of biochemical information or chronic renal
disease diagnosed based on the creatinine and creatinine clearance. This left 1572
subjects eligible for the current analysis.

Apart from antihypertensive medication (reported by 20 men), no other therapeutics
were taken by the participants at the time of recruitment. The study was approved by a
local Bioethical Committee and the subjects gave informed consent for participation.
Clinical phenotyping protocol was described in detail in our previous study (28). In brief,
clinical history was taken by standardized, coded questionnaires. Blood pressures were

measured in triplicate using a mercury sphygmomanometer according to the standard
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protocol (28). Height and weight measurements were taken under standard conditions
and used in calculation of body mass index — a well accepted measure of total adiposity
(29). Fat free mass (FFM) was estimated based on anthropometric data using previously
validated equation FFM=5.1xheight' "*xweight®*' (30).

Lipid profile was measured as described elsewhere (28). Plasma glucose levels were
estimated using a hexokinase enzymatic method. Serum creatinine levels were
assessed based on the kinetic Jaffe reaction on a Cobas Bio-Autoanalyzer. Insulin was
measured using a radioimmunoassay (DSL) on 1470 Wizard automatic gamma counter.
Homeostasis model assessment (HOMA-IR) [(plasma insulin x plasma glucose) / 22.5]
was used an indicator of insulin resistance. Circulating concentrations of leptin (a
biochemical marker of adipose tissue) were measured according to the protocol
described previously (31) on 160 samples of eligible subjects randomly selected from
the YMCA population.

All biochemical analyses were performed on fasting samples.

Four major metabolic risk factors (HDL, blood pressure, TG, glucose) were categorized
based on the previously recommended cut-off values from the NCEP guidelines (1).
Overweight was diagnosed in subjects with BMI = 25 kg/m? (32). We used this lower
BMI cut-off in this cohort of young, generally lean men since the higher cut-off of 30
kg/m? (obesity) would have only captured a minority of individuals with high metabolic
risk.

The Cockcroft-Gault equation [(140-age) x weight] / [72 x creatinine] was used as an
estimator of creatinine clearance (Ccr) — a well accepted index of predicted renal
function (33). Ccr was expressed in absolute values (ml/min) and not indexed per 1.73

m? of body surface area (BSA), as indexing of GFR by BSA was shown to obscure a
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genuine association between renal function and total adiposity (34). Glomerular
hyperfiltration was defined as Ccr over the mean + 2 standard deviations, as suggested

elsewhere (9).

Statistical analysis

Data are presented as means * standard deviations or median and 25%-75%
interquartile range. Kolmogorov-Smirnov test was used as a test for normality. Normally
distributed quantitative parameters were analysed using the parametric one way-
ANOVA. Differences in quantitative variables that did not pass the normality test were
assessed by the non-parametric Kruskal-Wallis test. Adjustment analysis was based on
comparisons of residuals obtained from the multiple regression models.

Chi*-test was used to evaluate associations between two dichotomized qualitative
parameters. Person’s linear correlation was employed as a method of computing a
coefficient of correlation (r) between 2 quantitative variables.

To estimate the crude odds ratio of glomerular hyperfiltration each of five classical
metabolic risk factors was included as an independent variable in the binary logistic
regression. The adjusted odds ratios of glomerular hyperfiltration were derived from
multivariate logistic regression models including all 5 classical metabolic risk factors
simultaneously (model 1) as well as the same combined set of metabolic risk factors
together with age, categorised alcohol consumption, categorised smoking and HOMA-IR
(model 2).

Factor analysis — a well accepted method of studying a range of variables showing a
high level of inter-correlation (35) was used to identify clusters of phenotypes that

contribute to the variance within the observed metabolic data in a subset of 160 subjects
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with available serum leptin levels. Four factors were extracted based on the principal
components method and transformed using an orthogonal varimax rotation, as
described elsewhere (35). In brief, each of these factors reflects one of four major
clusters of phenotypes identified in the stratum of data from the investigated population.
Predominant metabolic variables within each of four factors were identified by individual
loadings and used in defining the names of the factors. Accordingly, insulin sensitivity
factor (IS-F), blood pressure-adiposity factor (BP-A-F), lipid factor (L-F) and mixed
metabolic factor (MM-F) refer to the components driven by HOMA-IR and log insulin (I1S-
F), SBP,DBP and leptin (BP-A-F), TG and HDL (L-F) as well as glucose and LDL (MM-
F). Only variables with loadings over 0.4 on the extracted metabolic factors were
considered as statistically meaningful. 1S-F, BP-A-F, L-F, MM-F were tested for
association with Ccr in Pearson’s linear correlation as well as multiple regression
analysis.

Nominal p-values <0.05 were considered as statistically significant.

14



References

1. Expert Panel on the Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults: Executive summary of the Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel Ill). JAMA 285:2486-2497, 2001

2. Kahn R, Buse J, Ferrannini E, et al. The metabolic syndrome: time for a critical
appraisal: joint statement from the American Diabetes Association and the European
Association for the Study of Diabetes. Diabetes Care 28:2289-2304, 2005

3. Sattar N, Gaw A, Scherbakova O, et al. Metabolic syndrome with and without C-
reactive protein as a predictor of coronary heart disease and diabetes in the West of
Scotland Coronary Prevention Study. Circulation 108:414-419, 2003

4. Locatelli F, Pozzoni P, Del Vecchio L. Renal manifestations in the metabolic
syndrome. J Am Soc Nephrol 17:S81-S85, 2006

5. Chen J, Muntner P, Hamm LL, et al. The metabolic syndrome and chronic kidney
disease in U.S. adults. Ann Intern Med 140:167-174, 2004

6. Hunsicker LG, Adler S, Caggiula A, et al. Predictors of the progression of renal
disease in the Modification of Diet in Renal Disease Study. Kidney Int 51:1908-1919,
1997

7. Jee SH, Boulware LB, Guallar E, et al. Direct, progressive association of
cardiovascular risk factors with incident proteinuria. Arch Intern Med 165:2299-2304,
2005

8. Daniels SR, Arnett DK, Eckel RH, et al. Overweight in children and adolescents:
pathophysiology, consequences, prevention, and treatment. Circulation 111:1999-2012,

2005

15



9.Jin Y, Moriya T, Tanaka K, et al. Glomerular hyperfiltration in non-proteinuric and non-
hypertensive Japanese type 2 diabetic patients. Diabetes Res Clin Pract 71:264-271,
2006

10. Collins KM, Dantico M, Shearer NB, et al. Heart disease awareness among college
students. J Community Health 29:405-420, 2004

11. Schmieder RE, Veelken R, Schobel H, et al. Glomerular hyperfiltration during
sympathetic nervous system activation in early essential hypertension. J Am Soc
Nephrol 8:893-900, 1997

12. Praga M. Synergy of low nephron number and obesity: a new focus on hyperfiltration
nephropathy. Nephrol Dial Transplant 20:2594-2597, 2005

13. Wolf G, Chen S, Han DC, et al. Leptin and renal disease. Am J Kidney Dis 39:1-11,
2002

14. Kielstein JT, Becker B, Graf S, et al. Increased resistin blood levels are not
associated with insulin resistance in patients with renal disease. Am J Kidney Dis 42:62-
66, 2003

15. Schalkwijk CG, Chaturvedi N, Schram MT, et al. Adiponectin is inversely associated
with renal function in type 1 diabetic patients. J Clin Endocrinol Metab 91:129-135, 2006
16. Wei P, Lane PH, Lane JT, et al. Glomerular structural and functional changes in a
high-fat diet mouse model of early-stage Type 2 diabetes. Diabetologia 47:1541-1549,
2004

17. Wu Y, Liu Z, Xiang Z, et al. Obesity-related glomerulopathy: insights from gene
expression profiles of the glomeruli derived from renal biopsy samples. Endocrinology

147:44-50, 2006

16



18. Semplicini A, Ceolotto G, Sartori M, et al. Regulation of glomerular filtration in
essential hypertension: role of abnormal Na+ transport and atrial natriuretic peptide. J
Nephrol 15:489-496, 2002

19. Ribstein J, du Cailar G, Mimran A. Combined renal effects of overweight and
hypertension. Hypertension 26:610-615, 1995

20. Premaratne E, Macisaac RJ, Tsalamandris C, et al. Renal hyperfiltration in type 2
diabetes: effect of age-related decline in glomerular filtration rate. Diabetologia 48:2486-
2493, 2005

21. Palatini P, Mormino P, Dorigatti F, et al. Glomerular hyperfiltration predicts the
development of microalbuminuria in stage 1 hypertension: The HARVEST. Kidney Int
70:578-584, 2006

22. Chagnac A, Weinstein T, Herman M, et al. The effects of weight loss on renal
function in patients with severe obesity. J Am Soc Nephrol 14:1480-1486, 2003

23. Vervoort G, Willems HL, Wetzels JF. Assessment of glomerular filtration rate in
healthy subjects and normoalbuminuric diabetic patients: validity of a new (MDRD)
prediction equation. Nephrol Dial Transplant 17:1909-1913, 2002

24. Rule AD, Larson TS, Bergstralh EJ, et al. Using serum creatinine to estimate
glomerular filtration rate: accuracy in good health and in chronic kidney disease. Ann
Intern Med 141:929-937, 2004

25. Poggio ED, Wang X, Greene T, et al. Performance of the modification of diet in renal
disease and Cockcroft-Gault equations in the estimation of GFR in health and in chronic
kidney disease. J Am Soc Nephrol 16:459-466, 2005

26. Rodrigo P, Andres MR. Cockroft-Gault or abbreviated-MDRD equations — which

“‘weighs” more in cardiovascular risk? Nephrol Dial Transplant 21:2342-2343, 2006

17



27. Lindsay RS, Hanson RL, Roumain J, et al. Body mass index as a measure of
adiposity in children and adolescents: relationship to adiposity by dual energy x-ray
absorptiometry and to cardiovascular risk factors. J Clin Endocrinol Metab 86:4061-
4067, 2001

28. Charchar FJ, Tomaszewski M, Lacka B, et al. Association of the human Y
chromosome with cholesterol levels in the general population. Arterioscler Thromb Vasc
Biol 24:308-312, 2004

29. Caterson ID, Gill TP. Obesity: epidemiology and possible prevention. Best Pract Res
Clin Endocrinol Metab 16:595-610, 2002

30. Kuch B, Gneiting B, Doring A, et al. Indexation of left ventricular mass in adults with
a novel approximation for fat-free mass. J Hypertens 19:135-142, 2001

31. Tomaszewski M, Charchar FJ, Przybycin M, et al. Strikingly low circulating CRP
concentrations in ultramarathon runners independent of markers of adiposity: how low
can you go? Arterioscler Thromb Vasc Biol 23:1640-1644, 2003

32. Poirier P, Giles TD, Bray GA, et al. Obesity and cardiovascular disease:
pathophysiology, evaluation, and effect of weight loss. Circulation 113:898-918, 2006
33. Cirillo M, Anastasio P, De Santo NG. Relationship of gender, age, and body mass
index to errors in predicted kidney function. Nephrol Dial Transplant 20:1791-1798, 2005
34. Delanaye P, Radermecker RP, Rorive M, et al. Indexing glomerular filtration rate for
body surface area in obese patients is misleading: concept and example. Nephrol Dial
Transplant 20:2024-2028, 2005

35. Wang JJ, Qiao Q, Miettinen ME, et al. The metabolic syndrome defined by factor
analysis and incident type 2 diabetes in a Chinese population with high postprandial

glucose. Diabetes Care 27:2429-2437, 2004

18



Titles and legends to figures

Figure 1. Absolute creatinine clearence according to the number of metabolic risk
factors

Values are medians with 25-75% interquartile ranges. P — statistical significance in the
Kruskal-Wallis test after adjustment for age, fat free mass and insulin resistance index
(based on homeostatic model assessment — HOMA-IR).

Numbers of subjects in each of the subgroups: 0 risk factors — 631, 1 risk factor — 638, 2

risk factors — 223, 3 risk factors — 62, 4 or 5 risk factors — 18.
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Table 1. Demographic and clinical characteristics of the subjects

Phenotype Values
n 1572
Age (years) 18.4£1.3

Weight (kg)
Height (m)
BMI (kg/m?)
FFM (kg)
SBP (mmHg)
DBP (mmHg)
TC (mmol/L)
LDL (mmol/L)
HDL (mmol/L)
TG (mmol/L)
Glucose (mmol/L)
Insulin (uU/ml)
HOMA IR

Creatinine (umol/L)

Creatinine clearance (ml/min)

Smokers

Alcohol drinkers

70.8 (65.0 — 78.0)
1.78 (1.74 — 1.83)
22.3 (20.6-24.2)
56.6 (53.1— 60.2)

118.3 (110.0-126.7)
73.3 (69.6-80.0)

4.0 (3.4 - 4.6)
2.4 (1.8-2.9)
1.1 (0.9 - 1.3)
0.9 (0.7 - 1.3)
4.7 (42-5.1)
7.3 (5.8-10.1)
1.5(1.2-2.1)

79.4 (72.3 - 87.0)

137.7 (122.3 — 155.7)

30.0% (526)

68.0% (1069)

Continuous variables are presented as means * standard deviations or medians with

25%-75% interquartile ranges. Categorical variables are presented as percentages and



absolute values in brackets. BMI — body mass index, FFM — fat free mass, SBP —
systolic blood pressure, DBP — diastolic blood pressure, TC - total cholesterol, LDL -
low-density cholesterol, HDL - high-density cholesterol, TG — triglycerides, HOMA-IR -

homeostatic model assessment insulin resistance index

21



Table 2. Indicators of cardiovascular and metabolic risk in hyperfiltrators and

normofiltrators

Phenotype Hyperfiltrators Normofiltrators P-value
N 65 1507

Age (years) 18.2£1.0 18.4£1.3 0.13
Ccr (ml/min) 207.5(198.4 —222.3) 136.4 (121.6 — 153.4) <0.0001
Creatinine (umol/L) 66.3 (59.7 - 70.7) 79.8 (73.1 - 87.3) <0.0001
BMI (kg/m?) 26.9 (24.2 - 30.2) 22.2 (20.5-24.1) <0.0001
FFM (kg) 64.7 (60.7 — 68.6) 56.4 (53.1 — 59.7) <0.0001
SBP (mmHg) 128.3 (120 -139.3)  118.3(110.0 - 125.6) <0.0001
DBP (mmHg) 76.7 (69.8 — 83.3) 72.5 (69.6 — 80.0) 0.0074
TC (mmol/L) 3.8 (3.0-4.6) 4.0 (3.4-4.6) 0.2656
LDL (mmol/L) 22(1.7-29) 24 (1.8-29) 0.3569
HDL (mmol/L) 0.9(0.8-1.1) 1.1 (0.9-1.3) <0.0001
TG (mmol/L) 1.2 (0.8 -1.9) 0.9 (0.7-1.3) 0.0007
Glucose (mmol/L) 45 (4.0-4.9) 47 (4.2-5.1) 0.0215
log insulin (uU/ml) 0.95 (0.84 - 1.1/) 0.86 (0.77 -1.0) 0.0006
HOMA-IR 1.7 (1.3-2.4) 1.5(1.2-2.1) 0.0284

Continuous variables are presented as means * standard deviations or medians with
25%-75% interquartile ranges. Ccr- creatinine clearance, BMI — body mass index, FFM
— fat free mass, SBP — systolic blood pressure, DBP — diastolic blood pressure, TC -
total cholesterol, LDL - low-density cholesterol, HDL - high-density cholesterol, TG —

triglycerides, HOMA-IR - homeostatic model assessment insulin resistance index
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Table 3. Crude and adjusted odds ratios of glomerular hyperfiltration in relation to

metabolic risk factors

Multivariate-adjusted —

Multivariate-adjusted —

Crude
Variable model 1 model 2
Odds ratio Odds ratio Odds ratio
P-value P-value P-value
(95% CI) (95% CI) (95% CI)
2.8 1.9 1.8
1 BP <0.0001 0.026 0.047
(1.7-4.7) (1.1-3.2) (1.0-3.0)
1.3 0.9 0.8
1 Glucose 0.483 0.887 0.703
(0.6-3.0) (0.4-2.2) (0.3-2.1)
3.1 2.5 2.5
| HDL <0.0001 0.001 0.001
(1.8-5.2) (1.5-4.4) (1.5-4.3)
3.2 1.6 1.6
1TG <0.0001 0.138 0.124
(1.9-5.6) (0.9-2.9) (0.9-3.1)
8.6 6.4 6.6
1 BMI <0.0001 <0.0001 <0.0001
(5.1-14.5) (3.7-11.2) (3.8-11.6)

1 BP — blood pressure = 130/85 mmHg or antihypertensive treatment, 1 Glucose —

serum glucose = 6.1 mmol/L, | HDL — HDL-cholesterol levels < 1.04 mmol/L, T TG —

triglyceride levels = 1.7 mmol/L, BMI — body mass index = 25 kg/m?

Model 1 — BP, glucose, HDL, TG, BMI included as covariates

Model 2 - BP, glucose, HDL, TG, BMI, age, alcohol consumption, smoking, log insulin

serum concentrations included as covariates
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Table 4. Factor analysis of the metabolic variables - factor loadings after orthogonal

varimax rotation

Blood
Insulin Mixed
pressure - Lipid
Variable sensitivity metabolic Communality
adiposity factor
factor factor
factor
Age -0.347 0.174 0.368 0.080 0.293
SBP 0.125 0.865 0.078 0.030 0.771
DBP -0.029 0.886 -0.040 -0.120 0.803
Glucose 0.210 -0.118 -0.191 0.861 0.836
HOMA-IR 0.942 0.121 -0.033 0.109 0.914
Log insulin 0.946 0.148 0.011 -0.006 0.918
TG 0.300 0.218 0.692 -0.016 0.616
HDL 0.198 0.055 -0.828 0.006 0.728
LDL -0.228 0.221 0.399 0.708 0.761
Leptin 0.125 0.581 0.272 0.158 0.452
% Variance 21.6% 20.5% 15.8% 13.0% 70.9%

SBP — systolic blood pressure, DBP — diastolic blood pressure, HOMA-IR - homeostatic

model assessment insulin resistance index, HDL - high-density cholesterol, TG —

triglycerides, LDL - low-density cholesterol
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