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Abstract

Background: Diabetic nephropathy with overt proteinuria
often progresses relentlessly to end-stage renal disease
(ESRD). Material and Methods: To answer the question
whether it is impaired glomerular filtration rate (GFR) or its
precursor proteinuria which is more related with multiple
domains of health-related quality of life (HRQOL), we mea-
sured GFR and proteinuria in 44 patients with type 2 diabe-
tes and overt nephropathy and repeated the measurements
after 4 months. 38 patients with ESRD due to diabetic ne-
phropathy served as a control group. We used path analysis
to examine the association of baseline proteinuria and GFR
with baseline and subsequent HRQOL scales. Results: Com-
pared to patients with ESRD, patients with non-dialysis CKD
had Kidney Disease Burden (KDB) that was, on a scale from 0
to 100, 19.8 better (95% Cl 6.9-32.8) (p = 0.003). Mental com-
ponent score (MCS) did not differ and physical component
score (PCS) was worse in non-dialysis CKD patients by 8.5
(p < 0.001). Proteinuria at baseline was a predictor of PCS,
MCS and KDB score at 4 months, suggesting a lagged effect

of proteinuria on HRQOL after controlling for the autoregres-
sive effects. GFR was not shown to have a significant impact
on HRQOL. One log unit increase in proteinuria was associ-
ated with 3.8 (p = 0.011) fall in PCS, 3.3 (p = 0.043) fall in MCS
and 10.6 (p = 0.006) fall in KDB. Conclusion: In patients with
advanced diabetic nephropathy, we found that proteinuria
has a lagged and profound effect on multiple domains of

HRQOL. Copyright © 2007 S. Karger AG, Basel

Introduction

Patients with diabetes mellitus rate their health fair or
poor three times as often as healthy people [1]. Among
patients with diabetes mellitus, those with multiple co-
morbidities are particularly susceptible to poor health-
related quality of life (HRQOL) [2]. Patients with chronic
kidney disease (CKD) have lower HRQOL than the gen-
eral population [3]. Although the time when HRQOL is
impaired in relation to the stage of CKD is not known, it
is well recognized that patients on dialysis have much
lower HRQOL than those in the general population and
that dialysis is related to mortality and hospitalization
[4].

Proteinuria is a modifiable renal and cardiovascular
risk factor that mediates progression of CKD [5, 6]. The
risk of progression of kidney disease, dialysis or death is
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Table 1. Baseline characteristics of the study sample

CKD not Hemo- p

on dialysis  dialysis
Age, years 66*9 54+10 <0.001
Males, % 44 (100) 41 (100) >0.2
White, % 35 (80) 8(20) <0.001
Black, % 9 (20) 33 (80)
BMI, kg/m? 326%55  285%6.6  0.003
Current smoker, % 14 (32) 11(27) >0.20
Insulin, % 28 (64) 28(68) >0.2
Vascular disease, % 28 (64) 18 (46) 0.11
24-Hour systolic BP,mmHg 150*18 13717 0.001
24-Hour diastolic BP, mm Hg 76 £ 10 77%£12  >02
24-Hour heart rate, bpm 69+ 11 79+11 <0.001
HgbAlc, % 7.7%23 NA NA
BUN, mg/dl 43.7%X140 514*13.8 0.08
Albumin, g/dl 3.7x04 3.8X05 >02
Hemoglobin, g/dl 13.1x2 12613 0.15
GFR, ml/min 44+ 31 NA NA
Protein/creatinine, g/g 257X /+231 NA NA

Total sample size is 44 for CKD patients and 41 for hemodi-
alysis patients.

directly related to proteinuria [7]. Whether proteinuria is
also related to HRQOL has not been evaluated. Further-
more, if remission of proteinuria is associated with im-
provement in HRQOL, it offers an opportunity to impact
HRQOL with therapies that lower proteinuria. In other
words, if remission of proteinuria is associated with im-
provement in HRQOL, besides modifying cardiovascu-
lar risk and progression of renal injury, we can directly
make patients feel better. The relationship of glomerular
filtration rate (GFR) to HRQOL is controversial. Three
large studies have examined the cross-sectional relation-
ship of GFR with HRQOL in patients with CKD. In two
of these studies, no relationship was observed between
GFR and HRQOL, and in one study there was a relation-
ship. None of these studies used repeated measurements
to study longitudinal change.

The purpose of this short-term study in adult men
with proteinuria and type 2 diabetes mellitus was to eval-
uate the impact of directly measured GFR and protein-
uria on their impact on HRQOL. We asked the question
whether it is GFR or proteinuria that is more related to
multiple domains of HRQOL in patients with CKD. To
compare the impact of GFR we directly compared base-
line level of HRQOL in non-dialysis CKD patients with
those with end-stage renal disease (ESRD).

Proteinuria as QOL Determinant

Methods

Subjects

We analyzed HRQOL data from 44 patients with type 2 dia-
betes mellitus who completed a 16-week randomized controlled
trial of pioglitazone or glipizide randomly allocated in an equal
ratio. The study was blinded to those performing the analyses but
open label to the patients and treating physician and has been re-
ported previously [8]. Baseline characteristics of the sample are
given in table 1.

Patients with established diabetic nephropathy were recruited
from the renal clinic at the Roudebush Veterans Administration
Medical Center in Indianapolis, Ind., USA. In order to qualify for
inclusion in the study, patients with type 2 diabetes mellitus re-
quiring treatment with oral hypoglycemic drugs or insulin were
required to have a urine protein/creatinine ratio of >1.0 g/g on a
single voided specimen and a creatinine clearance of >20 ml/min
by Cockcroft-Gault formula [9]. Exclusion criteria included the
presence of liver disease, New York Heart Association Class III or
IV heart failure, unstable angina, myocardial infarction or stroke
in the previous 3 months, non-steroidal anti-inflammatory drug
use, or body mass index of =40 kg/m?. The study was approved
by the Institutional Review Board of Indiana University and the
Research and Development Committee of the Roudebush Veter-
ans Administration Medical Center in Indianapolis and all pa-
tients gave their written informed consent.

The primary end-point in the study was reduction in protein-
uria, which has been reported elsewhere and is not the subject of
this report [8].

Kidney Disease Quality of Life Questionnaire

The Kidney Disease Quality of Life (KDQOL™) instrument is
a self-report measure that includes a 36-item health survey as the
generic core, supplemented with multi-item scales targeted at
particular concerns of individuals with kidney disease and on di-
alysis (symptom/problems, effects of kidney disease on daily life,
burden of kidney disease, cognitive function, work status, sexual
function, quality of social interaction, sleep). Each scale is scored
from 0 to 100 (worst to best) using standard algorithms. The ma-
jor scales of interest in quality of life were Physical Health Com-
posite Score (PCS), Mental Health Composite Score (MCS) and
Kidney Disease Burden (KDB). In the general population, the
PCS and MCS have a mean score of 50 each with standard devia-
tion of 10. The questionnaires were self-administered by study
participants at baseline and again at 4 months but were examined
for completeness by a research nurse.

Statistical Analysis

Path analysis is a method used to evaluate a theoretical model
with direct and possibly indirect effects between exogenous (pre-
dictor/independent) and endogenous (outcome/dependent) vari-
ables [10, 11]. The relationship between variables is quantified
with path coefficients, which are much like regression coefficients
in a general linear model context. Path coefficients represent the
change in an endogenous variable as a function of a 1 unit change
in a more exogenous variable that are linked via a path (which
represents a direct effect), holding everything else constant. Al-
though path analysis and multiple regressions are similar models,
the path analysis model provides a framework for specifying a
particular theoretical model about the relationship among a set of
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Fig. 1. Path diagram of proteinuria (a) and =020
GFR (b) on PCS for CKD patients. Single- Ee
headed arrows in the path diagram illus- Initial log (protein /crea?(imne) ‘
trate the direct effect of one variable on an- (protein/creatinine) 0.75%** (R2 = 0.44)
other; the number associated with each of a
the single-headed arrows is the path coef-
ficient; curved two-headed arrow con-
necting two variables is the correlation co- - ] Final physical
efficient between the two variables; circles Initial physical 0.70%** composite
represent the errors in the prediction of composite (R2=0.41)
the endogenous variables, with the num- o _0.04
ber inside the circle being the standard de- ’
viation of the error; R? represents the pro-
portion of variance in the endogenous N Final GFR ‘
variable accounted for by the exogenous 0.99%** (R?=0.90)
variable(s). *** p < 0.001, ** p<0.01, * p< b

0.05.

exogenous and endogenous variables. Although path analysis is
widely used in some disciplines, to our knowledge, path analysis
has been used little in nephrology.

One aspect of evaluating the model is comparing the observed
and the model implied covariance matrices to assess general
agreement. The goodness of fit of the model can be quantified and
referenced to a x? distribution, assuming normality and a suffi-
ciently large sample size. A statistically significant x? statistic im-
plies that differences exist in the observed and model implied co-
variance matrices, which provides evidence of model misfit. An-
other way to evaluate the fit of a model is by using the root mean
square error of approximation (RMSEA), with a widely used rule
of thumb being values <0.05 represent ‘good fit’ [12]. In addition
to evaluating the overall model fit, each of the direct and indirect
effects has an estimated path coefficient and a standard error. The
path analysis models discussed momentarily were fitted using
Amos [13].

GFR was measured with iothalamate clearance and protein-
uria by duplicate collections of 24-hour urine protein at baseline
and at 4 months. 24-Hour urine protein excretion was calculated
per gram urinary creatinine. Results of the two 24-hour urine col-
lections for each visit were averaged to reflect protein excretion
rate at baseline and again at the month 4 visits. For the purposes
of statistical analysis, the protein excretion rate per gram creati-
nine was log, transformed to better approximate a normal distri-
bution. We applied path analysis models to understand the rela-
tionship between MCS, PCS, and KDB as a function of protein-
uria and GFR.

Comparisons of (unadjusted) group means were conducted
with the ordinary independent groups t tests. Comparisons of ini-
tial scores versus final scores for non-dialysis CKD were conduct-
ed with the ordinary paired samples t test. Group means were also
compared for initial non-dialysis CKD versus hemodialysis,
where the mean difference was adjusted for age and ethnicity. The
adjusted comparison was performed in an analysis of covariance
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context, which can be considered an adjusted independent groups
t test since there were only two groups.

We evaluated the relationship of MCS, PCS, and KDB at the
final time point using either log(protein/creatinine) or GFR, while
controlling for autoregressive effects (the path between the vari-
able at the initial time and the variable at the final time). These
models were fitted separately in a series of six models. Figure 1
reports the specific path diagrams fit with MCS as the outcome
variable conditional on (a) log(protein/creatinine) and (b) GFR.
Figures 2 and 3 are analogous to figure 1 with PCS and KDB re-
placing MCS, respectively. Less the path analysis, the MBESS [14]
R package [15] and SPSS [16] were used, as appropriate, for the
specific analyses that follow.

Results

Study Participants

Fifty-four subjects qualified and consented to partici-
pate in the study, and 44 were randomized to treatment.
This report is limited to the 44 patients who were ran-
domized and had repeated measurements of GFR, pro-
teinuria and HRQOL. Actual subject study participation
occurred between November 2001 and December 2003.
Two subjects withdrew following randomization, 1 under
advice of a primary care physician, and the other follow-
ing hospitalization for a gastrointestinal bleed. One sub-
ject died due to metastatic adenocarcinoma. Finally, 1
subject was unable to present for the final study visit.
Thus, 40 subjects — 19 in the glipizide arm and 21 in the
pioglitazone arm - completed the study.

Kelley/Aricak/Light/Agarwal
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GEFR (b) on KDB for CKD patients. *** p <
0.001, ** p < 0.01, * p < 0.05.

Baseline characteristics of patients with diabetic ne-
phropathy not on dialysis and those with ESRD second-
ary to diabetes mellitus on hemodialysis are shown in
table 1. All but 8 patients were taking an ACE inhibitor
or an angiotensin receptor blocker. ESRD patients were
younger and more African-American.

The relationship of HRQOL domains with CKD and
ESRD is shown in table 2. It is clear that patients with
ESRD due to diabetes have worse KDB by nearly 20
points compared to those not on dialysis, which implies

Proteinuria as QOL Determinant

a standardized mean difference of 0.69 (95% CI 0.24-
1.14). However, those on dialysis had a mean PCS of 8.5
points better than CKD (95% CI 3.5-13.2). The MCS was
similar between the two groups (46.8 for CKD and 46.6
for ESRD) and did not differ significantly after adjusting
for ethnicity and age. After adjusting for ethnicity and
age, KDB was 15.9 worse in ESRD (95% CI -33.1 to 1.4;
p =0.071) and PCS 7.3 better in ESRD (95% CI 1.2-13.4).
Neither age nor ethnicity was significant for any of the
models.
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Table 2. Impact of CKD stage on KDQOL subscales

CKD, non-ESRD Hemodialysis  Difference (95% CI)  Adjusted difference (95% cn!
. CKD initial vs. HD CKD initial vs. HD
initial final

Mental Composite Score 46.8 1100 482%*11.8 46.6+7.8 -0.13 (-4.27 t0 4.02) 2.7 (-2.7 t0 8.1)

Physical Composite Score 33.7+9.5 33.8+10.5 422%109 8.5 (3.5 to 13.2)*** 7.3 (1.2to 13.4)*

Kidney Disease Burden 67.6+323 64.9%26.0 47.8%+23.8 -19.8 (-6.9 to -32.8)** -15.9 (-33.1 to 1.4) (p = 0.071)

Scores are on a 100-point scale where 0 is worst and 100 is best.

*p <0.05; ** p < 0.01; *** p < 0.001; hemodialysis vs. CKD initial.
! Adjusted for age and ethnicity (neither of which was significant for the three analyses).

Table 3. Pearson zero-order correlation

coefficients for the CKD patients between log(protein/creatinine) GFR
KDQOL subscales and GFR/proteinuria initial final initial final
Mental Composite Score
Initial -0.03 0.023 -0.21 -0.08
Final -0.29,p=0.607 -0.07 -0.07 0.06
Physical Composite Score
Initial -0.20 -0.30, p=0.071 -0.01 -0.02
Final -0.41** -0.33% -0.14 -0.09
Kidney Disease Burden
Initial -0.09 -0.10 0.00 0.02
Final -0.40** -0.27,p=0.095 -0.01 0.08
log(protein/creatinine)
Initial 1.00 0.64%** -0.24 -0.32, p=0.051
Final 0.64*** 1.00 -0.42%* -0.40*
GFR
Initial -0.24 -0.42%* 1.00 0.95%**
Final -0.32,p=0.051 -0.40* 0.95%** 1.00

MCS, PCS and KDB are based on a 0- to 100-point scale, where 0 is worst and 100 is
best. Probability values are based on the t test for Pearson zero-order correlation coef-

ficients.

*p <0.05 ** p < 0.01; *** p < 0.001 (all two-tailed).

The zero-order Pearson product moment correlation
coefficients between PCS, MCS and KDB versus GFR and
proteinuria for the CKD patients are shown in table 3.
Weak and non-significant correlations are seen between
GFR and HRQOL subscales. On the other hand, signifi-
cant relationships emerged between final HRQOL sub-
scale scores and baseline log. protein/creatinine ratio
(which is consistent with the path for the lagged effect of
proteinuria at baseline and HRQOL at the final time).

The six path analysis models are represented in figures
1-3. The single-headed arrows in the path diagrams il-
lustrate the direct effect of an exogenous variable (pro-
teinuria or GRF) on an endogenous variable (MCS, PCS,
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or KDB). The number associated with each of the single-
headed arrows is the path coefficient that quantifies the
change in the endogenous variable as a function of a 1
unit change in the exogenous variable. The curved two-
headed arrow connecting two variables (i.e., the baseline
exogenous variables) is the correlation coefficient be-
tween the two variables. The circles represent the errors
in the prediction of the endogenous variables, with the
number inside the circle being the standard deviation of
the error. Notice that an R? value is given for each of the
endogenous variables. The value of R? represents the pro-
portion of variance in the endogenous variable accounted
for by the exogenous variable(s) given the model speci-
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tied, which is analogous to the squared multiple correla-
tion coefficient in a general linear model context. In fact,
if final GFR or final proteinuria were removed from the
path models, the path models would literally become
multiple regression models, which is a special case of a
path model.

Baseline GFR did not significantly correlate with base-
line HRQOL domains or predict final HRQOL domains.
However, baseline proteinuria was a predictor of final
PCS, MCS and KDB. There was no relationship of base-
line proteinuria and baseline PCS, MCS and KDB, sug-
gesting a lagged effect of final HRQOL conditional on
baseline proteinuria. In other words, the effect of a change
in proteinuria may not be immediate, but rather requires
the passage of time for the effect to manifest. A 1 log unit
increase in proteinuria was associated with -3.8 (p =
0.011) change in PCS, -3.3 (p = 0.043) in MCS and -10.6
(p = 0.006) change in KDB.

Each of the models fit well, with the estimated RMSEA
being <0.05 for each of the path models and x* goodness
of fit was not significant for any of the models.

Discussion

The major findings of our study are that proteinuria
profoundly impacts all major domains of HRQOL in a
dose-dependent manner with a lagged effect. GFR on the
other hand had little impact on HRQOL.

The impact of GFR in cross-sectional studies of
HRQOL has been a subject of debate. For example, in the
African-American Study of Kidney Disease, KDQOL
was administered to 1,094 African-American men and
women. Mean GFR was 46 ml/min, PCS was 43.4 * 10.9
and MCS was 51.3 = 10.3. Both scores were higher in
men than in women, but neither was related to GFR [17].
On the other hand, in the Modification of Diet in Renal
Disease, in 1,284 patients the magnitude of HRQOL and
symptoms were negatively correlated with GFR [18]. Fi-
nally, in the cross-sectional analysis of the Renal Research
Institute Study, GFR was not significantly association
with HRQOL [19]. None of the studies reported the as-
sociation of HRQOL with proteinuria. Since patients par-
ticipating in the MDRD study were more proteinuric
than the AASK study, it is possible that the confounding
effect of proteinuria on HRQOL was missed. In a longi-
tudinal study of patients with type 1 diabetes mellitus,
microalbuminuria was not associated with impaired
HRQOL [20]. Thus, it appears that overt albuminuria,
especially in the nephrotic range, may be related to im-

Proteinuria as QOL Determinant

paired HRQOL. Although alonger period of many obser-
vations would be helpful for evaluating this hypothesis, a
randomized controlled trial would be necessary to de-
finitively show support for this hypothesis. Thus, a cause-
and-effect relationship cannot be established.

In the general population, PCS and MCS averages 50
and has a standard deviation of 10 [21]. The average PCS
in non-ESRD patients was 33.7 and MCS was 46.8. PCS
in the Renal Research Institute-CKD study was 37.3
slightly higher than our sample, but nearly 1.3 standard
deviations below the general population, which is consid-
ered substantial impairment [19]. Thus, a much greater
impairment in PCS is imposed by CKD at a stage that
predates dialysis. CKD induced by diabetes mellitus may
have a greater adverse effect on HRQOL compared to
CKD induced by other causes [22]. For example, com-
pared to patients with hypertension-induced CKD par-
ticipating in the AASK study who had a similar GFR, the
PCS in our sample was lower by 9.7 units (95% CI 6.3—
13.1), p<0.001, and MCS was lower by 4.5 units (95% CI
1.3-7.8), p=0.006 [17]. In patients starting dialysis, those
with type 2 diabetes mellitus have a lower HRQOL com-
pared to those without diabetes [23]. Ethnicity may have
an independent effect on HRQOL African-Americans
appear to enjoy a greater HRQOL. Table 1 shows that
ESRD patients were younger and more African-Ameri-
can. Whether impairment in PCS in our study was due
to an independent effect of diabetes mellitus or it was due
to fewer African-Americans or older age is not clear
[24].

Compared to patients not on dialysis, patients with
ESRD had KDB that was nearly 20 points higher. This is
not surprising given the burden imposed on the patient
by renal replacement therapy. Somewhat unexpectedly,
patients on dialysis had a higher PCS compared to those
not on dialysis. This may be due to survival bias. PCS is
strongly related to mortality, an effect that may manifest
before the onset of ESRD [4, 25]. Thus, those with poor
PCS may have died leaving those with higher PCS on di-
alysis. An alternative though less likely explanation for
this finding is that dialysis improved PCS in those with
CKD.

The strengths of our study are the direct measure-
ments of GFR, and duplicate measurements of 24-hour
urine protein collection at each clinic visit and excellent
adherence to protocol. Limitations of our study are the
relatively short follow-up and limited number of subjects.
Patients with CKD and ESRD had different proportional
ethnicities: 80% of the CKD patients were white, while
80% of the ESRD patients were black. Adjustment for
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these different ethnicities did not alter the results. The
results of our study apply to only men, since we did not
study women. It is conceivable that a longer duration or
recruiting a larger number of subjects or both would
make the association of proteinuria with HRQOL even
more clinically relevant, or possibly to show an associa-

tion between GFR and HRQOL.

—_
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