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ABSTRACT 

Objective: The purpose of this study was to investigate whether reduction of hypertriglyceridaemia 

is associated with a slower rate of progression of microalbuminuria in patients with 

NIDDM. 

Methods: Fifteen normotensive NIDDM patients with hypertriglyceridaemia (>2.5 mmol/1) and 

microalbuminuria were randomly selected to receive either placebo (8 patients) or 

gemfibrozil 600 mg b.i.d. (7 patients). Progression of microalbuminuria was assessed 

during a 12-month follow-up period with measurements, consisting of blood tests and 

triplicate 24-hour urine collections, at 1, 3, 6, 9, and 12 months. 

Results: All but one patient in the treatment group showed a favorable response (>20% reduction) 

of hypertriglyceridaemia to gemfibrozil. One patient in the placebo group showed a 

spontaneous reduction in triglyceride levels. Progression of microalbuminuria was lower, 

although not statistically significant, in the treatment group (36%) than in the placebo 

group (65%). In the group with >20% reduction of triglyceride levels, progression of 

microalbuminuria was significantly lower than in the group with stable or increasing 

triglyceride levels (+1%, range -56% to +49% versus +97%, range -35% to +202%, 

respectively) (p=0.03). Continued follow-up data of patients switching from placebo to 

gemfibrozil after the trial further supported the role of serum triglyceride reduction in 

stabilising albumin excretion. 

Conclusion: The results indicate that in microalbuminuric NIDDM patients, effective treatment of 

dyslipidaemia could be associated with stabilisation of urinary albumin excretion. 

74 



Gemfibrozil and progression of microalbuminuria 

INTRODUCTION 

Microalbuminuria (MA) was originally identified as a risk indicator for the development 

of diabetic nephropathy in insulin dependent diabetes mellitus. In non-insulin-dependent 

diabetes mellitus (NIDDM), MA also predicts nephropathy, but is an even more powerful 

predictor of cardiovascular disease and early mortality (1,2). 

Hypertriglyceridaemia (hyperTG) is a risk factor for vascular complications in patients 

with NIDDM (3). Several studies have suggested a link between dyslipidaemia and the 

presence of diabetic (4-10) and non-diabetic (11) MA. It is, however, unclear whether 

this relation is co-incidental or causative. There is evidence to suggest that two-directional 

causality between MA and dyslipidaemia exists. On the one hand, MA may result in 

hyperlipidaemia by mechanisms similar to those observed in the nephrotic syndrome. 

On the other hand, hyperlipidaemia may cause glomerular damage with concomitant 

MA. Recently, we observed a direct relationship between dyslipidaemia (hyperTG and 

low HDL cholesterol) and the rate of progression of MA in patients with NIDDM (12). 

The potential beneficial effects of correction of lipid abnormalities on kidney function 

in diabetes mellitus has been addressed in only a few studies, the conclusions of which 

have been conflicting (13-15). The present study was designed to evaluate whether 

improvement of dyslipidaemia in NIDDM patients with marked hyperTG is associated 

with a slower rate of progression of MA. 

METHODS 

Fifteen normotensive (< 160/95 mmHg) patients with a >1 year history of NIDDM, 

and with documented MA (albumin to creatinine ratio (ACR) 3-30 mg/mmol in at least 

two out of three 24 hour urine collections), and hyperTG (>2.5 mmol/1), were randomly 

selected to receive either gemfibrozil 600mg b.i.d. (seven patients) or identical placebo 

tablets (eight patients). All patients had a normal serum creatinine level (<110 umol/1) 

and stable metabolic control. At baseline and during a 12-month follow-up period, the 

following parameters were quantified at 1, 3, 6, 9, and 12 months: blood pressure in 

sitting position after 10 minutes of rest with a standard clinical sphygmomanometer, 

blood glucose, HbAlc, serum total cholesterol, HDLc, triglyceride (TG), and MA. All 

blood samples were consistently taken on mornings after a standard light breakfast (one 

sandwich and sugar-free tea or coffee). Patients were on a standard recommended diet 
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for NIDDM patients before and during the study. At each time point, MA was measured 

in triplicate 24-hour urine samples. Urine containers were stored at the patients' home at 

room temperature for a maximum of 3 days. Urinary albumin is stable in fresh urine 

stored under these conditions for at least 7 days (16). Urinary albumin was measured 

using an immuno-chemical method on a Nephelometer (Behringwerke, Germany, inter-

assay coefficient of variation: 6.9% at level of 13 mg/1,4.2% at 75 mg/1, and intra-assay-

variation: <2.5 % at all levels). Urinary creatinine was measured with a modified Jaffé 

method. Total cholesterol was measured using a fully enzymatic (CHOD-PAP) kinetic 

method (17). HDL cholesterol was measured with the same method after precipitation 

of very low density and low density lipoprotein with phosphotungstic acid and magnesium 

ions (18). TG was assayed using an enzymatic method (19). HbAlc was measured using 

an automated HPLC analyser (Diamat BioRed Laboratories, NY, USA). 

Statistical methods: 
Groups were compared using unpaired Student's t-tests, and the Mann-Whitney U-test 

for non-Gaussian distributed variables. Bivariate correlations were assessed by calculating 

Pearson's correlation coefficients. For the assessment of progression of MA, linear regression 

analysis was performed through the median values of the triplicate 24 hour ACR results. 

Multiple linear regression analysis was performed to correct observed group differences 

for potential confounders. The validity of all regression analyses was assessed by constructing 

residual plots. All P-values are two-sided. 

RESULTS 

Clinical and laboratory patient characteristics at baseline and follow-up are listed in 

table 1. At baseline, patients in the placebo group were on average younger, and showed 

a trend towards a higher ACR than the treatment group. Age and baseline ACR are 

therefore regarded as potential confounders in the analyses that follow. 

During follow-up, treatment patients on average showed a significant improvement 

of dyslipidaemia with respect to the TG and HDLc levels compared to placebo patients. 

One patient in the treatment group (pt #14, table 1) had not responded to treatment 

with gemfibrozil with a reduction in TG levels, despite proper compliance to the study 

medication, as assessed by returned tablet counts. In addition, one patient in the placebo 

group (#8) showed a fall of 35% in TG levels during the study period, presumably due 
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to improved dietary compliance. A trend was seen for lower cholesterol and slight 

improvement of glycaemic control in the treatment group. Body mass index was identical 

in both groups at 28.9. None of the patients showed appreciable changes in body weight 

during the study period. Blood pressure and serum creatinine remained stable during 

follow-up in all patients. The rates of progression of MA in the placebo and the treatment 

group are displayed in figure 1. Mean progression of MA in the placebo group was 65% 
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Figure I : Individual rates of progression of MA in the treatment group 
versus the placebo group. 
t = non-responder in treatment group (no reduction of serum TG). 
$ = patient in placebo group showing a fall in TG levels during follow-up. 
ACR=albumin/creatinine ratio (mg/mmol) 

versus 36% in the treatment group. This difference in progression of 29% is, however, 

not statistically significant (p>0.1). The rate of progression of MA of the single non-

responder to gemfibrozil was the highest of the treatment group (+196%, see figure 1). 

The lowest rate of progression of MA in the placebo group (-56%) was seen in the 

patient with a "spontaneous" reduction in TG levels (indicated in figure 1). Comparing 

patients showing a >20% fall in TG levels to patients showing stable or progressive 

hyperTG, progression of MA is + 1 % (range -56% to +49%) in the first group versus 

+97% (range -35% to +202%) in the second group (p=0.03 by unpaired t-test). After 

adjustment for age and baseline ACR in multiple regression analysis, statistical significance 

of this finding is maintained (p=0.01). Figure 2 displays the course of microalbuminuria 

in these two groups. 

Changes in serum cholesterol during follow-up paralleled those in serum TG levels in 

10 of 15 patients, but were generally smaller (table 1). Also, glycaemic control tended to 
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Figure 2: Course of microalbuminuria during 
12-month follow-up period in patients with 
(TGred, n=7) and without (TGnon-red, 
n=8) a reduction in serum triglyceride 
levels. 
ACR=albumin/creatinine ratio (mg/mmol) 

improve slightly in the gemfibrozil group. In multiple regression analysis the change in 

cholesterol during follow-up was an only slightly less significant determinant of 

progression of MA than the change in TG levels (p=0.08 and p=0.07, respectively), and 

changes in HbAlc levels during follow-up did not correlate with progression of MA. 

Two patients (#10, #11) in the placebo group and 3 patients (#3, #14, #15) in the 

# M/F age MAP creatinine HbAlc A HbAlc TG ATG Chol. A chol 
(years) (mmHg) (jimol/l) (%) (%) (mmol/1) (%) (mmol/1) (%) 

placebo: 
2 M 41 89 74 8.4 -4% 3.2 + 166% 6.0 + 11% 
5 M 61 85 109 8.5 + 19% 7.9 +53% 5.8 -3% 
6 F 46 101 59 8.5 +33% 13.9 + 0 % 5.3 + 13% 
7 M 49 115 80 8.1 -5% 7.5 + 11% 6.3 -10% 
8 M 50 90 92 8.4 +7% 6.7 -35% 6.3 -14% 
10 F 38 102 69 10.8 -3% 7.5 -3% 6.5 -2% 
II F 65 109 78 9.7 +5% 4.0 -1 1 % 8.3 + 10% 
13 M 45 105 75 7.9 + 24% 6.2 +83% 8.1 + 16% 

mean 49 99 79.5 8.8 + 6 . 1 % * 7.1 + 6%* 6.6 +4% 
(median*) 

treatment 
1 F 61 99 60 8.3 -2% 7.6 -20% 6.9 +4% 
3 F 83 104 100 8.0 - 2 1 % 7.1 -79% 8.1 -17% 
4 M 63 108 88 9.3 -8% 4.0 -23% 7.1 -16% 
9 F 65 100 62 10.3 -8% 2.1 -33% 4.9 -5% 
12 M 69 90 101 6.8 -7% 4.3 -40% 7.5 -22% 
14 M 48 83 97 7.5 +23% 7.2 + 2 % 7.1 + 26% 
15 M 62 1 12 74 8.2 + 1 1% 2.8 -45% 6.6 -16% 

mean 64 99 83.1 8.3 -7.3%* 5.0 -33%* 6.9 -16°/c 
(median*) 
p- value: 0.01 >0.2 >0.2 >0.2 0.1 I f 0.18 0.02t >0.2 0.1 I t 

78 



Gemfibrozil and progression of microalbuminuria 

treatment group were using an ACE inhibitor (Captopril or enalapril) for blood pressure 

control. The rates of progression of MA were -35%, 188%, and 196% in the 3 patients 

on an ACE inhibitor without TG reduction (placebo users and non-responder, 

respectively). MA rose by 7% and 48% in the 2 patients on ACE inhibition with effective 

reduction of TG levels by gemfibrozil. 

After completion of the trial, 4 patients who turned out to have used placebo tablets 

agreed to both treatment with gemfibrozil 600 mg b.i.d. and continued regular 

measurements of MA. Their MA and TG values in time are displayed in figure 3. In all 

4 subjects, the trend of increasing MA levels was reversed after initiation of treatment 

with gemfibrozil. In addition, one patient from the gemfibrozil group interrupted 

antihyperlipidaemic treatment for almost a year. During this year, albuminuria levels 

increased markedly, before stabilising again after gemfibrozil treatment was resumed. 

This patient's data are also shown in figure 3. Of the remaining 6 patients in the gemfibrozil 

group, 2 were lost to follow up and 4 continued treatment with gemfibrozil, showing 

stable levels of MA on occasional measurements (data not shown). 

HDLc A HDLc MA A ACR 
(mmol/1) (%) (ACR) 

0.8 -30% 20.8 + 24% 
0.6 -4% 12,5 + 29% 
0.8 -45% 5.6 + 202% 
1.0 -24% 20.5 + 6 1 % 
1.0 -7% 16.8 -56% 
0.9 + 1% 17.9 -35% 
1.4 + 3 % 18,5 + 188% 
0.9 -16% 3.0 + 107% 

0.9 -12%* 14.2 +65% 

Table I : clinical and laboratory characteristics of patients at baseline 

and follow-up. Group comparisons by unpaired t-test except t = 
Mann Whitney U-test. # = randomisation number, M/F=male/ 
female, MAP=mean arterial blood pressure, HbAlc= baseline 
glycated hemoglobin, A=change in parameter during 12-month 
follow-up period expressed as % of baseline value, TG=baseline 

0.9 +2.7%* 8.9 +36% serum triglyceride, chol = baseline cholesterol, HDLc=baseline 

High-Density-Lipoprotein cholesterol, MA=microalbuminuria, 
>0.2 0.03t 0.14 ACR=albumin to creatinine ratio in 24h urine. 
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placebo gemfibrozil 
25n 

Figure 3: After-trial follow-up data. 
Top four panels: levels of microalbuminuria (albumin to creatinine 
ratio in mg/mmol, solid lines) and serum triglyceride (mmol/l, dotted 
lines) in four patients who switched from placebo to gemfibrozil 
after the trial period. Bottom panel displays the same levels in a 
patient interrupting treatment with gemfibrozil following the trial 
before resuming treatment later on. # refers to patient number 

DISCUSSION 

In this small, controlled study, we found that effectively lowering high serum TG levels 

in NIDDM patients with MA was accompanied by a slower rate of progression of MA 

during a 12-month follow-up period. Statistical significance of this finding was obtained 

from a comparison of patients with or without reduction in serum TG levels, not from the 

placebo versus gemfibrozil analysis. The cross-over data obtained after completion of the 

original trial as shown in figure 3 further support the role of treating hyperlipidaemia in 
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slowing down progression of MA. The frequent occurrence of rapidly progressive MA in 

the total study group (two thirds of patients with annual progression >25%) contrasts with 

the 20% average annual progression of MA found in a large control group of NIDDM 

patients of an enalapril intervention study (20). This suggests that untreated dyslipidaemia 

may be associated with intractable, highly progressive MA in NIDDM patients. The possible 

relation between MA and dyslipidaemia is discussed below. 

Dyslipidaemia is common in NIDDM, occurring often as hyperTG and low HDLc 

levels. HyperTG, a prominent feature of syndrome-X, is believed to be mediated by 

insulin resistance and hyperinsulinaemia, in addition to other, less well identified factors 

(21,22). Another condition potentially contributing to diabetic dyslipidaemia is proteinuria. 

Even mild proteinuria, as occurs in MA, may have a dyslipidaemic effect. Support for 

this hypothesis has come from studies in which MA was shown to predict dyslipidaemia 

in NIDDM (5), and from animal studies showing that loss of oncotic pressure is not the 

only determinant of dyslipidaemia in proteinuria (23). Also, reduction of MA in NIDDM 

by ACE inhibitors partly corrects dyslipidaemia (7), whereas no direct effect of ACE 

inhibition on lipid metabolism has been firmly established. One hypothesis is that, in 

proteinuria, a lipid regulating factor, like lipoprotein lipase (LPL) or a small-sized LPL 

co-factor, like apoprotein-CII or low-molecular weight heparan sulfate is lost in the urine 

(24). This may apply not only to the overt nephrotic syndrome, but also to MA. 

Not only does proteinuria cause dyslipidaemia, there is evidence to suggest that the 

opposite is true as well. Animal studies have shown that hyperlipidaemia may result in 

glomerular damage and proteinuria (25,26). The precise role of dyslipidaemia in human 

renal disease is not clear. Although the majority of patients with primary hyperlipidaemia 

do not develop glomerular disease (27), evidence suggests that dyslipidaemia can aggravate 

pre-existent renal disease (28,29). Clinical studies on the implications of dyslipidaemia 

for diabetic nephropathy in specific are relatively scarce. In independent studies, however, 

hypercholesterolaemia and hyperTG have been identified as factors influencing both the 

occurrence and progression of (incipient) diabetic nephropathy (10,12,30-32). Only a 

few studies have been conducted to assess the effect of correction of lipid disturbances 

on diabetic MA or overt diabetic nephropathy. Recendy, Lam et al. showed that effectively 

lowering serum cholesterol levels by a HMGcoA-reductase inhibitor may retard the decline 

in GFR in diabetic nephropathy of macroalbuminuric NIDDM patients (15), an effect 

that was not found in a previous study in microalbuminuric subjects (13). Another report 

described two NIDDM patients in whom a decrease in cholesterol and TG after dietary 
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restrictions was associated with a significant decrease in proteinuria (4). Finally, Sasaki et 

al. found that reduction of serum total cholesterol with pravastatin in NIDDM patients 

stabilised protein excretion (14). However, this study was uncontrolled and involved 

only nine patients, some of whom were normoalbuminuric, and some already macro-

albuminuric. In the context of this previous work it is interesting to see that, in our study, 

both reduction of hyperTG and of cholesterol levels contributed to the beneficial effects 

of lipid reduction on MA. It may be that both these components of dyslipidaemia need 

treatment in order to effectively reduce lipid toxicity, which could explain the generally 

disappointing results obtained so far with HMGcoA-reductase inhibitors. 

It follows that the association between MA and dyslipidaemia in NIDDM, which has 

been demonstrated repeatedly (6,7,9,12,33) maybe the result of two mutually aggravating 

factors. Attempts to break this cycle may be directed at lowering lipids, as in this study, or 

at reducing MA in a "non-lipid-mediated" way. This includes improvement of metabolic 

control (34,35), treating hypertension (36) and the use of ACE inhibitors, which have 

been shown to stabilise MA, independent of their antihypertensive effect (20). In addition 

to mutual causality, the association between MA and dyslipidaemia may reflect a common 

pathophysiological mechanism, like endothelial dysfunction. Endothelial dysfunction is 

closely correlated to MA in NIDDM (37) and IDDM (38), and may contribute to 

dyslipidaemia, for example by impaired LPL-activity. 

The results of this study should be interpreted with appropriate caution. Because of 

the strict inclusion criteria (albuminuria within the prefixed range of MA, combined 

with markedly elevated TG levels) the number of studied patients is relatively small. It 

appears mandatory to perform a similar study with a larger cohort in order to seek 

confirmation of our results. Furthermore, although it is generally accepted that a fraction 

of hyperlipidaemic NIDDM patients does not respond to fibrate treatment, the 

comparison of patients with effective TG reduction with patients with stable or progressive 

hyperTG is methodologically second best after intention-to-treat analysis. It is, however, 

in keeping with the primary objective of the study, which was to evaluate the effect of 

serum TG reduction on progression of MA. An advantage of this study compared to 

similar ones is that we used triplicate 24-hour urine samples to assess progression of 

MA, which partly compensates for the problem of substantial short term variability of 

MA measurements (39). 

We conclude that this study adds to accumulating evidence that treatment of severe 

dyslipidaemia is an additional option in the early treatment of diabetic nephropathy and 

vascular disease. 
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