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Abstract

Background. In subjects with end-stage renal disease, a
high body mass index (BMI) is inversely related to over-
all mortality, which has been coined reverse epidemiology
phenomenon. This study sought to investigate this paradox
as well as a possible risk modification by proteinuria on the
relationship of BMI with earlier stages of chronic kidney
disease (CKD) concerning cardiovascular mortality.
Methods. We used the Vienna Health Screening Initiative,
a longitudinal cohort study from 1990 to 2006, includ-
ing 49398 volunteers (49.9% women, age 20—89 years):
n = 2487 showed mild CKD (proteinuria and GFR >60
ml/min/1.73 m?) and n = 392 showed moderate CKD
(GFR = 30-59 ml/min/1.73 m?). The follow-up period
was 5.5 & 4.2 years; n = 148 cardiovascular deaths oc-
curred. Exposure variables were BMI, glomerular filtra-
tion rate (GFR) and proteinuria. Cox regression models
on cardiovascular mortality with adjustment for age, sex,
log(cholesterol/HDL), uric acid, smoking, glucose, dia-
betes, mean blood pressure, hypertension and antihyper-
tensive drug use were fitted.

Results. The risk factor paradox is shown in moderate
CKD (GFR = 45 ml/min/1.73 m?): hazard ratios (HR)
of BMI contrasts decreased consistantly from 1.28 (95%
CI 0.33-5.82) at BMI 20 kg/m? versus 25 kg/m? to 0.76
(95% CI 0.38-1.50) at BMI 30 kg/m? versus 25 kg/m? and
to 0.58 (95% CI 0.13-2.64) at BMI 35 kg/m? versus 25
kg/m?, thus showing an inverse relationship compared to
mild CKD/healthy participants. Examining proteinuria as
an effect modifier in this context showed that in moderate
CKD (contrast: proteinuria versus no proteinuria) HR de-
creased more profoundly from 9.43 (95% CI 2.66-27.40)
at BMI 25 kg/m? to 3.74 (95% CI 0.93-15.70) at BMI 30
kg/m? and to 1.95 (95% CI 0.37-22.30) at BMI 35 kg/m?,
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and conversely in non-proteinuric subjects, hazards for car-
diovascular mortality increased in underweight as well as
in overweight/obese subjects in a U-shaped manner.
Conclusions. Our results suggest that obese subjects with
proteinuric CKD may not be counselled for weight reduc-
tion since a higher BMI was associated with a remarkably
reduced risk of death.
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Introduction

Subjects with chronic kidney disease (CKD) or end-stage
renal disease (ESRD) have a dramatically increased risk
of cardiovascular and overall mortality [1-3]. Interestingly,
traditional key risk factors for cardiovascular disease in
the general population such as obesity, hypercholestero-
laemia and hypertension are inversely related to mortal-
ity in haemodialysis patients [4]. This paradox has been
coined ‘risk factor reversal’ or ‘reverse epidemiology phe-
nomenon’ [5].

In fact, it has been shown in the largest international
prospective cohort study of 16 720 haemodialysis patients
followed up for 5 years that irrespective of race, gender,
severity of comorbidities, age, smoking and diabetic status,
obesity is associated with a reduced risk of death [6].

Moreover, mild to moderate renal insufficiency was
shown to be associated with elevated long-term risk of
cardiovascular and overall death adjusted for several co-
variables [1,3,7]. The question of effect modification by
body mass index (BMI) in earlier stages of CKD has been
investigated in several studies: a higher BMI was associ-
ated with a higher prevalence of the metabolic syndrome,
but even when adjusted for the factors of the metabolic
syndrome, cardiovascular comorbidities and inflammation
parameters a higher BMI was associated with a better
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overall survival in moderate CKD [8]. Another study re-
vealed that after adjustment for case mix and surrogate pa-
rameters of the malnutrition—inflammation—cachexia syn-
drome this inverse association was still present in patients
with CKD not yet on dialysis [9]. These findings are sup-
ported by a study where a low BMI was related to a greater
mortality rate in the same context [10].

Other studies could not boundlessly confirm these find-
ings: higher BMI and waist circumference were associated
with a higher incidence of coronary heart disease among
people with CKD [11]. In a cohort including rather young
subjects with nondiabetic CKD, BMI did not appear to be
an independent predictor of cardiovascular and overall mor-
tality [12].

Apart from these studies, waist-hip ratio was shown to
be associated with incident CKD and mortality, whereas a
higher BMI appeared protective for this outcome [13].

In advanced CKD, protein—energy wasting that appears
in ~20-50% of these patients is an important comorbid con-
dition that predicts a poor clinical outcome [14]. It appears
that the common pathway for several metabolic derange-
ments is related to exaggerated protein degradation relative
to protein synthesis [14].

Concerning markers of body composition, a higher BMI
rather reflects both higher fat and higher muscle mass,
whereas an elevated waist—hip ratio better represents the
amount of visceral body fat [13,15]. Keeping in mind
the high prevalence of the protein—energy wasting that is
strongly associated with poor clinical outcomes in CKD
[16], this study sought to elucidate whether proteinuria
might be an effect modifier of the relationship between
BMI and cardiovascular mortality in CKD. Additional pro-
tein loss due to proteinuria might be tolerated better in pa-
tients with a higher BMI, because a higher protein reserve
might lead to a more favourable outcome in this context.

Therefore, we analysed the effects of BMI, GFR
and proteinuria as well as their interactive effects on
cardiovascular mortality in earlier stages of CKD, and we
selected patients with mild to moderate CKD using the
database of the Vienna Health Screening Initiative [17,18].

Subjects and methods

Study sample

The Vienna Health Screening Initiative is an ongoing
prospective cohort study that began in 1990. Since then,
preventive health examinations free of charge were regu-
larly organized by the community of Vienna within a total
of five health care centres. The study sample, recruitment
of participants (volunteers) and assessment of risk factors
are described in detail elsewhere [17,18].

In order to investigate volunteers at an earlier stage
of kidney disease, participants with a baseline GFR
<30 ml/min/1.73 m? [calculated by the abbreviated Modi-
fication of Diet in Renal Disease (MDRD) equation] were
excluded. Within the Vienna Health Study Initiative (VHSI)
until 31 December 2006, 49 398 apparently healthy volun-
teers (49.9% women, age range 20—84 years; 50.1% men
20-89 years) performed a baseline examination at any time
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within the study period. The overall attendance rate was
65%. Causes of death occurring before 31 December 2006
were assessed via record linkage with the Austrian Death
Registry of the governmental Statistics Austria. Since Aus-
trian laws regulate all deaths to be recorded in the central
death registry, this approach allows an almost complete
follow-up of all patients. Moreover, autopsy is required
by law if a plausible cause of death is missing. This re-
sults in a high frequency of autopsy in Austria (28%), and
we assume that causes of death are recorded correctly in
the vast majority of patients. The study was approved by
the institutional review board of the Department of Health
Prevention. Informed consent was given according to the
Helsinki declaration.

Ascertainment of risk factors

Assessment of medical history, habits in daily living and
physical examination were performed by specially trained
general practitioners and study nurses with respect to the
study protocol, and chemical laboratory analyses are de-
scribed in detail elsewhere [17,18].

BMI was defined as weight in kilograms divided by the
square of height in metres.

The mean arterial blood pressure (MAP, mmHg) was
calculated by the generally used empiric equation: MAP
(mmHg) = diastolic blood pressure + (systolic blood pres-
sure — diastolic blood pressure)/3.

CKD was classified using the National Kidney Foun-
dation chronic kidney disease (NKF-CKD) classification
[19].

Ascertainment of kidney function: creatinine was mea-
sured by means of a kinetic Jaffé method on the Hitachi
917® clinical chemistry analyser [17,18]. Measurements,
calibration, standardization and validation were performed
in a single laboratory throughout the whole study period.
Kidney function was estimated by GFR [20,21], which
was calculated by the abbreviated MDRD equation [22]:
GFR (ml/min/1.73 m?) = 186.3 x serum creatinine~!'!>*
x age™02%3 x (0.742 if female). Since the MDRD formula
is sensitive to the creatinine assay methodology, the follow-
ing correction formula was necessary (due to our creatinine
assay methodology used) to convert measured creatinine to
‘MDRD creatinine’ [23,24]: MDRD creatinine (mg/dl) =
—0.215 + 1.08 x measured creatinine.

Ascertainment of proteinuria: dipstick proteinuria was
measured semi-quantitatively by a Combur Test® (Roche
Inc., Vienna, Austria) using automated devices; the lowest
urinary-protein detection limit was 50 mg/dl.

Determination of outcome variables: cardiovascular mor-
tality was considered present in the case of ICD9 codes
390459 and ICD10 codes 100-199, respectively.

Ascertainment of confounders: baseline variables were
selected as confounders if they were significantly asso-
ciated with the exposure variable at baseline, as well as
causally related to death from cardiovascular disease [25].

Statistical methods

Stratified baseline characteristics were summarized by
mean and standard deviation for quantitative variables, and
by absolute and relative group sizes for qualitative variables.
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We fitted the Cox proportional hazard regression mod-
els on cardiovascular mortality with the main risk factors,
i.e. the exposure variables GFR, BMI and proteinuria. Re-
stricted cubic splines with three knots for GFR (first model)
and BMI (second model) were used. Proteinuria was exam-
ined in a third model. Adjustment for the following detected
confounders was done: age, sex, log(cholesterol/HDL), uric
acid, smoking, fasting serum glucose, diabetes, MAP, hy-
pertension, antihypertensive drug use, as well as for BMI,
GFR and proteinuria when appropriate, i.e. depending on
the exposure variable. Furthermore, a two-way interaction

term BMI*GFR (first interaction model) and finally a three-
way interaction term BMI*GFR*proteinuria (second inter-
action model) were introduced.

The results of these first and second models (nonlinear
spline effect prediction) were summarized by predefined
BMI and GFR levels. In addition to calculated contrasts,
estimated effects of increasing BMI and GFR were plot-
ted. The results of the third model (exposure variable pro-
teinuria) were only calculated. In order to investigate the
‘risk factor paradox’, the estimated effects (first interac-
tion model; nonlinear spline effect prediction) of increasing

Table 1. Baseline characteristics: (a) quantitative parameters, (b) qualitative parameters

SFKD Mild CKD Moderate CKD

(a) Quantitative parameters
Sample size (n) n=46519 n = 2487 n=2392
Age (years) 43+ 12 40 =12 62 £ 15
GFR (ml/min/1.73 m?) 100 £ 19 98 £ 21 53+11
Total cholesterol (mg/dl) 217 £ 41 212+ 42 231 £ 41
LDL cholesterol (mg/dl) 133 £ 37 126 £38 146 £+ 43
HDL cholesterol (mg/dl) 61 £ 16 63 £ 16 60 £ 17
Triglycerides (mg/dl) 119 £ 75 126 £ 74 139 £ 86
Cholesterol/HDL 38+ 1.3 3.6+1.2 42415
Uric acid (mg/dl) 52+13 51+£13 6.0+ 1.6
Fasting serum glucose (mg/dl) 87+ 12 84 + 14 93 + 21
BMI (kg/m?) 241434 24.0+3.8 26.1+34
Systolic blood pressure (mmHg) 127 £ 15 124 £ 15 135+ 18
Diastolic blood pressure (mmHg) 80£9 79+9 82+9
MAP (mmHg) 95+ 10 94 £ 10 99+ 11
(b) Qualitative parameters
Sample size (n, %) n=46519 n =2487 n=392
Cardiovascular death n=_89 n=19 n=40

Men 23504 (51%) 995 (40%) 102 (26%)

Women 23 015 (49%) 1492 (60%) 290 (74%)
BMI groups

Underweight 831 (2%) 106 (4%) 5 (1%)

Normal range 27 445 (59%) 1518 (61%) 172 (44%)

Overweight 15201 (33%) 683 (28%) 180 (46%)

Obesity 3042 (6%) 180 (7%) 35 (9%)
Blood pressure groups

Normal range 13 983 (30%) 902 (36%) 68 (17%)

Prehypertension 22 316 (48%) 1129 (45%) 162 (41%)

Hypertension stage 1 8626 (19%) 384 (16%) 119 (31%)

Hypertension stage 2 1594 (3%) 72 (3%) 43 (11%)
Antihypertensive drug use

ACE inhibitors 498 (1.1%) 32 (1.3%) 27 (6.9%)

Calcium antagonists 142 (0.3%) 7 (0.3%) 8 (2.0%)

Diuretics 63 (0.1%) 1 (0.0%) 9(2.3%)

Beta blockers 770 (1.7%) 55(2.2%) 34 (8.7%)
Blood glucose groups

Normal 42379 (91.1%) 2328 (93.6%) 309 (78.8%)

Impaired fasting glucose

Diabetes mellitus
Smoking status

Non-smoker

Ex-smoker

Current smoker
Alcohol consumption

<3 drinks/week

>3 drinks/week
Physical exercise

No

Yes

3907 (8.4%)
230 (0.5%)

25 578 (55%)
7157 (15%)
13784 (30%)

41 402 (89%)
5117 (11%)

39799 (36%)
6720 (14%)

137 (5.5%)
22 (0.9%)

1175 (47%)

76 (19.4%)
7 (1.8%)

273 (70%)

325 (13%) 57 (14%)
987 (40%) 62 (16%)
2239 (90%) 353 (90%)
248 (10%) 39 (10%)

2182 (88%)
305 (12%)

355 (91%)
37 (9%)

SFKD, seemingly free of kidney disease (GFR >60 ml/min/1.73 m?, no proteinuria); mild CKD (GFR >60 ml/min/1.73 m? and proteinuria); moderate
CKD (GFR = 30-59 ml/min/1.73 m?) [11]; GFR, glomerular filtration rate; BMI, body mass index; MAP, mean arterial blood pressure. Data are means

(standard deviations) or percentages, respectively.
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BMI and GFR were plotted, and in addition contrasts were
calculated. Finally, in order to investigate a possible effect
modification by proteinuria on the ‘risk factor paradox’,
the estimated effects (second interaction model; nonlinear
spline effect prediction) of increasing BMI and GFR strat-
ified by the presence of proteinuria were plotted, and in
addition contrasts were calculated.

All data analysis was done in the R environment for
statistical computing, version 2.6.1, using Frank Harrell’s
Design Library, version 2.1 [26,27].

Results

Overall, 49 398 seemingly healthy volunteers at baseline
were included in the study. The mean observation period
(time span between the baseline examination and death)
was 5.5 £+ 4.2 years. A total of 513 participants died:
148 participants died from cardiovascular disease, and 365
from other causes. At baseline 2487 participants had a GFR
>60 ml/min/1.73 m? and proteinuria, i.e. mild-CKD group
(CKD stages 1 and 2), and 392 participants were clas-
sified into the moderate-CKD group, i.e. GFR = 30-59

Table 2. Glomerular filtration rate (ml/min/1.73 m?) stratified by weight
groups and CKD stages

Weight groups SFKD Mild CKD Moderate CKD
Underweight 107 £ 21 80+ 8 47 £ 24
Normal 101 + 20 817 52+13
Overweight 98+ 19 80+ 7 53+9
Obesity 99+ 19 80+ 8 52+ 11

SFKD, seemingly free of kidney disease (GFR >60 ml/min/1.73 m?, no-
proteinuria); mild chronic kidney disease CKD (GFR> 60 ml/min/1.73 m?
and proteinuria); moderate CKD (GFR = 30-59 ml/min/1.73 m?).

The NHLBI classification defines body mass index (BMI) <18.5 kg/m?*
as underweight, BMI = 18.5-24.9 kg/m? as normal, BMI = 25.0-29.9
kg/m? as overweight and BMI > 30 kg/m? as obesity [11,13].

A B

HR

BMI [kg/m?]
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ml/min/1.73 m? (CKD stage 3) [19]. Nineteen cardiovas-
cular deaths were observed in the mild CKD group, and 40
cardiovascular deaths in the moderate CKD group.

Quantitative baseline characteristics stratified by the pre-
defined CKD groups, i.e. seemingly free of kidney disease
(SFKD), mild CKD (CKD stages 1 and 2) and moderate
CKD (CKD stage 3), are shown in Table 1a; with increas-
ing severity of CKD we observed higher age, slightly higher
cholesterol/HDL, higher uric acid, higher fasting serum glu-
cose, higher BMI and higher MAP.

Regarding qualitative baseline characteristics (Table 1b),
we observed with increasing severity of CKD a much higher
proportion of women versus men, increasing BMI, increas-
ing blood pressure/hypertension, increasing antihyperten-
sive drug use, a higher proportion of impaired fasting glu-
cose/diabetes mellitus despite a very low prevalence, lower
current smokers, similar alcohol consumption and lower
physical exercise.

Different GFR levels stratified by weight groups and
CKD stages are shown in Table 2: with increasing severity
of CKD, GFR decreases, but remains very similar in the
different weight groups [19,28].

Estimated effects of BMI and GFR on cardiovascular
mortality in a fully adjusted model are shown in Figure 1A
and B, respectively. Concerning BMI, hazards increased
in underweight as well as in overweight/obese compared
to normal weight subjects: contrast 20 versus 25 kg/m?,
hazard ratios (HR) 1.35 (95% CI 0.82-2.20); contrast 30
versus 25 kg/m?, HR 1.37 (95% CI 1.07-1.75); contrast 35
versus 25 kg/m?, HR 2.05 (95% CI 1.19-3.55). Concerning
GFR, hazards increased with decreasing GFR: contrast 45
versus 75 ml/min/1.73 m?, HR 1.72 (95% CI 1.17-2.52);
contrast 75 versus 105 ml min/1.73 m?, HR 1.41 (95% CI
1.08-1.85). The HR of proteinuria versus no proteinuria in
the fully adjusted model was 3.35 (95% CI 1.67-6.71).

The ‘risk factor paradox’ is demonstrated in Figure 2
and Table 3. In moderate CKD (GFR = 45 ml/min/m?),
HR decreased consistantly from 3.1 to 1.3 compared to

40 60 80 100 120

GFR [mL/min/1.73m?]

Fig. 1. (A) Effect of BMI on cardiovascular mortality. Predicted hazard ratios (95% CI) of cardiovascular death depending on BMI adjusted for age,
sex, log(cholesterol/HDL), uric acid, smoking, fasting serum glucose, diabetes, MAP, hypertension, antihypertensive drug use, proteinuria and GFR.
(B) Effect of GFR on cardiovascular mortality. Predicted hazard ratios (95% CI) of cardiovascular death depending on GFR adjusted for age, sex,
log(cholesterol/HDL), uric acid, smoking, fasting serum glucose, diabetes, MAP, hypertension, antihypertensive drug use, proteinuria and BMI.
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overall hazards when BMI increased from 20 to 35 kg/m?,
showing an inverse relationship compared to mild CKD as
well as seemingly healthy participants. Respective effect
contrasts of BMI depending on GFR concerning cardiovas-
cular mortality are shown in Table 3.

Investigating a possible effect modification by the pres-
ence of proteinuria in this context revealed opposite find-
ings: in non-proteinuric subjects, hazards for cardiovascu-

1.0-

BMI [kg/m?]

Fig. 2. Effect of BMI and GFR on cardiovascular mortality. Predicted haz-
ard ratios (y-axis) of cardiovascular death depending on BMI (x-axis) and
GFR (denoted by dashed line for GFR = 105 ml/min/1.73 m?, dotted line
for GFR = 75 ml/min/1.73 m?, solid line for GFR = 45 ml/min/1.73 m?),
compared to overall hazards adjusted for age, sex, log(cholesterol/HDL),
uric acid, smoking, fasting serum glucose, diabetes, MAP, hypertension
and antihypertensive drug use. Calculated contrasts are shown in Table 3.

A Proteinuria absent B

20 25 30 35
BMI [kg/m?]

lar mortality increased in underweight as well as in over-
weight/obese subjects depending on GFR, i.e. showing a
U-shaped curve (Figure 3A). In contrast, the ‘risk factor
paradox’ is observed only in proteinuric participants. In
moderate CKD, effect modification by proteinuria showed
that a remarkably elevated HR decreased rapidly from 7.0
to 1.3 compared to overall hazards when BMI increased
from 20 to 35 kg/m?. In mild CKD, this paradox was still
present, but considerably attenuated (Figure 3B). Respec-
tive effect contrasts of proteinuric versus non-proteinuric
CKD depending on BMI and GFR concerning cardiovas-
cular mortality are shown in Table 4.

It is noteworthy that the prevalence of proteinuria is in-
creasing rapidly with decreasing GFR up to 40% in mod-
erate CKD as shown in Figure 4A, whereas it is widely
constant at ~6—7% in a broad BMI range and slowly in-
creasing up to ~8% at a BMI of 35 kg/m? (Figure 4B).

Table 3. Effect contrasts of BMI depending on GFR on cardiovascular
mortality

GFR (ml/min/1.73 m?) BMI (kg/m?) contrasts Predicted effect
45 20 versus 25 1.28 (0.33-5.82)
30 versus 25 0.76 (0.38-1.50)
35 versus 25 0.58 (0.13-2.64)
75 20 versus 25 1.80 (1.05-3.06)
30 versus 25 1.18 (0.93-1.60)
35 versus 25 1.67 (0.91-3.05)
105 20 versus 25 1.25(0.50-3.13)

30 versus 25
35 versus 25

1.23 (0.78-1.94)
1.62 (0.59-4.43)

Estimated hazard ratios (95% confidence intervals) depending on GFR
and BMI adjusted for age, sex, log(cholesterol/HDL), uric acid, smoking,
fasting serum glucose, diabetes, MAP, hypertension and antihypertensive
drug use.

Proteinuria present

BMI [kg/m?]

Fig. 3. (A) Effect of BMI and GFR in non-proteinuric subjects on cardiovascular mortality. Predicted hazard ratios (y-axis) of cardiovascular death
depending on BMI (x-axis) and GFR in non-proteinuric subjects (denoted by dashed line for GFR = 105 ml/min/1.73 m?, dotted line for GFR =
75 ml/min/1.73 m?, solid line for GFR = 45 ml/min/1.73 m?), compared to overall hazards adjusted for age, sex, log(cholesterol/HDL), uric acid,
smoking, fasting serum glucose, diabetes, MAP, hypertension and antihypertensive drug use. (B) Effect of BMI, GFR and proteinuria on cardiovascular
mortality. Predicted hazard ratios (y-axis) of cardiovascular death depending on BMI (x-axis) and GFR stratified for proteinuria (denoted by dashed
line for GFR = 105 ml/min/1.73 m?2, dotted line for GFR = 75 ml/min/1.73 m2, solid line for GFR = 45 ml/min/1.73 mz), compared to overall hazards
adjusted for age, sex, log(cholesterol/HDL), uric acid, smoking, fasting serum glucose, diabetes, MAP, hypertension and antihypertensive drug use.
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Discussion

Our data support the hypothesis that highly elevated BMI
may reduce the risk of cardiovascular death only in subjects
having proteinuric CKD, whereas opposite effects appear
in non-proteinuric CKD.

Regarding our stepwise examination of the ‘risk fac-
tor paradox’, we first separately investigated the impact
of BMI, GFR and proteinuria on cardiovascular mortal-
ity in fully adjusted models. As expected, BMI increased
risk of cardiovascular death in underweight as well as over-
weight/obese subjects [29]. With decreasing GFR as well as
the presence of proteinuria, the risk of cardiovascular death
continuously increased [30,31].

When examining the ‘risk factor paradox’ in earlier
stages of CKD, our results generally support this phe-
nomenon. In moderate CKD, hazards decreased with in-
creasing BMI, showing an inverse relationship compared
to mild CKD as well as seemingly healthy participants.

This finding is supported by many of the studies using
BMI as the parameter for evaluation of body composition
[8-10,13].

Table 4. Effect contrasts of proteinuria versus no proteinuria depending
on BMI and GFR concerning cardiovascular mortality

BMI (kg/m?)  Proteinuria versus no

GFR (ml/min/1.73 m?) contrasts proteinuria predicted effect
45 25 9.43 (2.66-27.4)
30 3.74 (0.93-15.7)
35 1.95(0.37-22.3)
75 25 5.61(2.37-13.3)
30 3.22(1.19-8.72)
35 1.43 (0.17-12.1)
105 25 3.01 (0.66-13.6)
30 2.68 (0.55-13.2)
35 1.93 (0.14-32.9)

Estimated hazard ratios (95% confidence intervals) depending on
GFR, BMI and the presence of proteinuria adjusted for age, sex,
log(cholesterol/HDL), uric acid, smoking, fasting serum glucose, diabetes,
MAP, hypertension and antihypertensive drug use.
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Concerning this paradox some controversy exists, and a
plausible hypothesis is not yet proposed. Our observational
study cannot answer this question either. However, keeping
in mind the protein—energy wasting in CKD patients due
to the high prevalence of the malnutrition—inflammation—
cachexia syndrome in up to 50% of participants, it ap-
pears plausible that additional protein loss due to protein-
uria might be better tolerated in subjects with a higher BMI
due to a higher protein reserve.

Indeed, our results suggest that proteinuria may be an
effect modifier of the relationship between BMI and car-
diovascular mortality in CKD: in this study the ‘risk factor
paradox’ was observed only in proteinuric participants and
this paradox was most of all present in moderate CKD,
whereas in mild CKD it was still present, but considerably
attenuated.

In our study cohort, the prevalence of proteinuria is in-
creasing rapidly to 40% of participants with decreasing
GFR, whereas it is widely constant at ~6—8% in a broad
BMIrange This appears as a plausible explanation why pro-
teinuric participants with moderate CKD having an elevated
BMI are more likely to benefit concerning the outcome,
compared to normal weight subjects, who might become
malnourished.

It is noteworthy that in this study cohort, even subjects
with a BMI of 35 kg/m? having proteinuric moderate CKD
showed a 20-30% elevated HR for cardiovascular death,
which is very similar to subsets of participants that were
nonproteinuric. Maybe a BMI >35 kg/m” represents the
changing point, where a continuously increasing BMI be-
comes protective concerning the outcome only in the subset
of patients having proteinuric moderate CKD, but this could
not be examined in this study due to the very low prevalence
of severely obese subjects. This assumption is supported by
another study where a higher BMI was shown to be associ-
ated with a higher prevalence of the metabolic syndrome,
but even when adjusted for the factors of the metabolic
syndrome, cardiovascular comorbidities and inflammation
parameters a higher BMI was associated with a better over-
all survival in moderate CKD [8]. Apart from this, a higher

100

80

60

40

20

e

20

22 24 26 28

BMI [kg/m?]

30 32 34

Fig. 4. (A) Prevalence of proteinuria depending on GFR. Black area indicates percentages of proteinuria for varying GFR levels. (B) Prevalence of
proteinuria depending on BMI. Black area indicates percentages of proteinuria for varying GFR levels.
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waist—hip ratio was shown to be associated with incident
CKD and increased overall mortality, whereas a higher BMI
appeared protective for this outcome [13].

This raises the question of an ideal parameter for eval-
uation of body composition in this context: the waist—hip
ratio is much more strongly associated with the metabolic
syndrome and all its unfavourable consequences compared
to BMI, which reflects the individual amount of muscle
mass, fat mass and bone mass. But in our rather young co-
hort, BMI would better reflect the amount of muscle mass,
and thus nutritional status, compared to e.g. waist-hip ra-
tio, because ageing body composition generally changes
and muscle mass shifts to fat mass accompanied by a lower
bone mass [15,32].

Therefore, effect modification by proteinuria may close
the gap between the conflicting findings from some other
studies examining the ‘risk factor paradox’ where BMI is
widely used as marker of body composition. BMI and mean
age as well as the prevalence and amount of proteinuria vary
considerably in different study cohorts thus inevitably lead-
ing to different findings concerning the suggested benefit of
a higher BMI when investigating the relationship between
CKD and cardiovascular mortality [32,33].

It is noteworthy that the current analysis cannot test
causal inference. Furthermore, participants of a voluntary
health screening were analysed; thus, the death rates were
low. This remarkably reduces statistical power, and there-
fore, interpretation of HR is a more accurate reflection of
the relationships than an actual P-value. The complexity of
the statistical models, i.e. the number of covariables and the
number of tested hypotheses, had to be a priori restricted in
order to avoid overfitting as well as the multiple hypothe-
ses testing problem. Although the analysis was adjusted for
potential confounders of the association between elevated
BMI, GFR and proteinuria, non-measured variables could
not be included into the analysis, e.g. inflammatory pa-
rameters such as ultrasensitive C-reactive protein or serum
albumin. Apart from this, the results are not generalizable
to a community-based population due to the recruitment of
seemingly healthy participants, e.g. the prevalence of dia-
betes is really low in this cohort. Moreover, using estimated
GFR calculated by the MDRD formula to represent the
severity of kidney disease is not a gold standard method and
correction of routine measured creatinine to “MDRD cre-
atinine’ is mandatory [23]. Nevertheless imprecision and
bias are greater at a higher GFR, limiting the accuracy
of classification in the mildly decreased GFR group [34].
This may have led to an underestimation of GFR. More-
over, the MDRD formula is less precise in the obese, but
it must be considered as the second best choice compared
to a gold standard method when performing epidemiologic
studies [35]. Dipstick proteinuria measurement is only able
to pick up proteinuria with a lowest detection limit of 50
mg/dl. Therefore, some subjects with CKD stages 1 and 2
are likely misclassified as being normal. However, dipstick
tests are cheap, widely used in health screening projects
as well as in large epidemiologic studies and its sensitiv-
ity and specificity were 81% and 77%, respectively, when
compared with the true quantitative evaluation of protein-
uria either by time urine collection or by the ratio of protein
to creatinine in a spot urine sample [36,37,38]. Due to our

study hypothesis, i.e. testing the association of a high BMI
with GFR in proteinuric patients, this should be considered
as a minor limitation. From a pathophysiologic viewpoint,
subjects having higher amounts of proteinuria should more
likely benefit from a higher BMI.

Despite these limitations, the present analysis may have
important implications for the clinical practice. In individ-
ual patients with normal renal function, obesity is a key
risk factor for long-term mortality. Weight reduction, al-
though not analysed in this observational study, is likely
to be of major benefit in the general population [38,39].
It is noteworthy that in middle-aged people, maintaining a
stable BMI seemed to be protective for maintaining kidney
function in CKD even in obese subjects [40].

Improving nutritional status in mild to moderate CKD ac-
companied by the hope of a survival benefit in this subset
of patients needs to be investigated in interventional studies
using a series of parameters for evaluation of body compo-
sition other than BMI [16]. Furthermore, patient-specific
measures such as quantitative proteinuria, and moreover,
parameters of the metabolic syndrome as well as of the
malnutrition—cachexia syndrome, need to be taken into ac-
count. The different subsets of subjects with mild to mod-
erate renal failure may benefit from individually adapted
preventive measures.

Our results suggest that obese subjects with proteinuric
kidney disease may not be counselled for weight reduction
since a higher BMI was associated with a reduced risk
of death. However, the clinical significance is yet to be
investigated.
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