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Chapter 3 

ABSTRACT 

Objective: To assess the degree of inter-individual variation in the rate of progression of 

microalbuminuria, and to identify determinants of progression of microalbuminuria 

in patients with NIDDM. 

Methods: In a prospective cohort study, 58 microalbuminuric N I D D M patients were followed 

for a period of at least 24 months. During this period, the level of microalbuminuria in 

these patients was assessed in triplicate 24-hour urine samples on at least 4 separate 

visits. All patients had stable metabolic control and controlled blood pressure during 

follow-up. Microalbuminuria was denned as an albumin to creatinine ratio in 24-hour 

urine of between 3 and 30 mg/mmol . The individual rates of progression of 

microalbuminuria were calculated by linear regression analysis. At baseline, the following 

data were collected for all patients: age, sex, ethnicity, time since diagnosis of NIDDM, 

smoking habits, drug use, blood pressure, body mass index, HbAlc, serum creatinine, 

cholesterol, triglyceride and HDLc concentrations. 

Results: Microalbuminuria was found to progress linearly in time. Considerable differences in 

rates of progression of microalbuminuria were found, the absolute yearly change in 

albumin to creatinine ratio ranging from -5.2 to +12.9 mg/mmol. In bivariate analyses, 

serum triglyceride concentration, use of angiotensin-converting-enzyme (ACE) 

inhibitors, mean arterial blood pressure, HDLc, and time since diagnosis of N I D D M 

correlated with progression of micro-albuminuria (p <0.05). In stepwise multiple 

regression analysis, a high triglyceride to HDLc ratio at baseline (p=0.006), and the use 

of ACE inhibitors (p=0.007) were identified as the only independent predictors of 

progression of microalbuminuria. 

Conclusions: The rate of progression of microalbuminuria in NIDDM differs considerably between 

subjects. Diabetic dyslipidaemia (high serum triglyceride and low HDLc) is a predictor 

of more rapid progression of microalbuminuria in patients with well-controlled blood 

pressure. 
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INTRODUCTION 

In NIDDM, microalbuminuria (MA) has been identified as a predictor of cardiovascular 

disease and mortality in several independent studies (1-5). In addition, although this has 

not been as firmly established as in IDDM, MA may predict the development of clinical 

nephropathy (2,6,7). It is generally acknowledged that MA is not a static condition. It 

develops in patients who at one time must have had normal albumin excretion rates, and 

in a number of patients it progresses further to macroalbuminuria. The natural course 

of MA in NIDDM and the identification of factors possibly influencing this course has 

received little attention in the literature. However, some studies have shown that 

considerable inter-individual variability in the rate of progression of MA exists in NIDDM 

patients (8-10). The cause of this variability is largely unexplained. The present study of 

MA in NIDDM subjects was designed to provide more insight into the characteristics 

and the degree of variability of progression of MA. Furthermore, we examined which 

factors are related to the rate of progression of MA. It is generally accepted that 

uncontrolled hypertension is a risk factor for (accelerated) development and progression 

of MA, both in diabetic and in non-diabetic patients. The acknowledgement of the 

importance of blood pressure control, especially in diabetic patients with MA, has led 

clinicians to a more aggressive treatment of hypertension. This being so, we felt that a 

study population including patients with untreated hypertension would not be 

representative for NIDDM patients receiving up to date treatment. We therefore were 

;pecifically interested in determinants of progression of MA in a population of NIDDM 

patients with well-controlled blood pressure. 

METHODS 

All subjects considered for inclusion in this study were NIDDM patients visiting the 

outpatient clinic of our hospital. Patients were screened for inclusion starting January 

1989. Data collection ended in August 1996. Patients were considered as having NIDDM 

if they had no history of keto-acidosis, were treated by diet alone, or in combination 

with oral hypoglycaemic agents, or if they had an onset of diabetes above the age of 40 

years with a high body mass index. In other cases and in patients beginning insulin 

treatment at the time of diagnosis of diabetes, a glucagon test was performed and NIDDM 
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was diagnosed if stimulated C-peptide was >0.60 pmol/ml. 

NIDDM subjects were requested to adhere to an intensive urine collection schedule 

for the purpose of assessing the presence and the rate of progression of MA. This 

schedule implied that, with an interval of 6-12 months, patients collected 24-hour urine 

samples on 3 consecutive days. MA was diagnosed when an albumin to creatinine ratio 

(ACR) of between 3 and 30 mg/mmol was found in at least 2 out of 3 of these samples 

on two separate visits at least 3 months apart. The ACR was chosen as parameter of 

albuminuria instead of the albumin excretion rate in mg/24-hour to correct for possible 

sampling errors. Both patients known to have MA before this study was started, and 

patients who developed MA during the screening period were considered for inclusion. 

Patients were not included if one of the following conditions was present: hypertension 

(systolic blood pressure >160 mmHg and/or diastolic blood pressure >95 mmHg, with 

or without antihypertensive treatment), evidence of renal insufficiency (serum creatinine 

>130 |0mol/l), clinically apparent congestive heart failure, or other major illness (e.g. 

cancer, severe pulmonary disease). Final inclusion of patients in the study analysis was 

dependent on the duration of follow-up, and on the number of triplicate 24-hour urine 

samples collected during this period. Progression of MA in an individual patient was 

calculated only after a follow-up period of at least 24 months, during which a minimum 

of 4 triplicate 24-hour urine samples was available. As the focus of this study was the 

rate of progression within the MA range, the follow-up period ended when two 

consecutive triplicate urine samples were in the macroalbuminuric range (ACR>30 mg/ 

mmol in >2 of 3 24-hour urine samples). Also, follow-up was terminated if patients 

either started or stopped taking drugs that are known to potentially influence urinary 

albumin excretion. These drugs included all types of ACE inhibitors, other anti

hypertensives, and lipid modifying agents (usually 3-hydroxy-3-methylglutaryl-coenzyme-

A (HMG-CoA) reductase inhibitors or fibrates). Patients who already used these drugs 

prior to the follow-up period for previously diagnosed hypertension or dyslipidaemia 

were not excluded. In our clinic, ACE inhibitors are first choice drugs for hypertension 

in microalbuminuric NIDDM patients. We have not (yet) adopted the policy of starting 

treatment with ACE inhibitors in normotensive patients with MA. For other patients, 

follow-up was terminated at August 1,1996, when data analysis for this study was started. 

This date was chosen after it had been asserted that at least 50 patients had sufficient 

follow-up for inclusion. 

At 3-monthly visits to the clinic, pertinent parts of clinical and laboratory follow-up in 
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all patients consisted of measuring weight (calculating body mass index, BMI, as kg/m2), 

blood pressure in sitting position after 10 minutes of rest with a standard clinical 

sphygmomanometer, serum creatinine, glycated hemoglobin (HbAlc), and serum total 

cholesterol, triglyceride, and HDLc. 

Analytical methods: 

Urinary albumin was measured using an immuno-chemical method on a Behring 

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-variatdon: <2.5% at all levels). Urinary creatinine 

was measured with a modified Jaffé method. Total cholesterol, triglyceride, and HDLc 

levels were measured using enzymatic methods. HbAlc was measured using an automated 

HPLC analyser (Diamat BioRed Laboratories, NY, USA, normal range 5.2% to 6.7%). 

Statistical methods: 

Progression of MA during follow-up was calculated for each patient by linear regression 

analysis. As both positive and negative outliers of albuminuria were observed in a large 

proportion of all triplicate urine samples studied, linear regression analysis was performed 

using the median ACR value of each triplicate sample. Progression of MA was 

subsequently calculated from the slope of the regression line. In case of a patient 

developing macroalbuminuria (as defined above) during follow-up, the median ACR 

value of the first triplicate urine sample within the macroalbuminuria range was the last 

value used for calculation of progression of MA. The intercept of the regression line 

was taken as the baseline level of MA. To determine whether MA showed a linear or an 

exponential increase in time, two different methods were used. First, we determined 

whether the absolute increase of MA, calculated from the regression analyses, was 

correlated with the individual baseline MA levels. Secondly, all individual regression 

analyses were repeated using log-transformed MA data. If progression of MA would 

generally occur in an exponential fashion, then log-transformation would on average 

result in a better fit of the regression lines. This was assessed by comparing the R2 values 

of the non-transformed data with those of the log-transformed data. 

The following baseline variables were tested for their possible role in predicting 

progression of MA: age, sex, ethnicity (Caucasian vs non-Caucasian), time since diagnosis 

of NIDDM, current smoking habits (smokers vs non- or former smokers), use of insulin, 

use of ACE inhibitors or other antihypertensives, BMI, mean arterial blood pressure 
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(MABP: diastolic pressure + 1/3 of pulse pressure*), HbAlc*, serum creatinine*, total 

cholesterol*, triglyceride*, and HDLc* (*: mean of 2 measurements taken within a period 

of 3 months at the start of the follow-up period). Bivariate correlations of these variables 

with progression of MA were tested by using Kendall's rank correlation for continuous 

variables (with coefficient tau=X) and the Mann-Whitney-U-test for nominal variables (11). 

The independent explanatory value of the above variables was tested in multiple 

regression analysis using the stepwise forward method, with progression of MA as the 

dependent variable (11). Since the number of possible explanatory variables was large 

relative to the number of subjects included in the study, the criterion for entering a 

variable into the multivariate model was set at a p-value for bivariate correlation of 

<0.20. The presence of interaction effects was examined for age and sex, and for the 

parameters of dyslipidaemia: total cholesterol, triglyceride and HDLc. 

Two-sided p-values are reported, with 0.05 taken as the level of statistical significance. 

RESULTS 

A small (<10%) subset of approached patients were unable or unwilling to collect 

triplicate 24-hour urine samples at requested intervals. Sixty-nine patients with MA could 

be followed for a period of at least 24 months. Five patients were started on ACE inhibitors 

and 2 patients started using lipid modifying agents before they could be followed for 24 

months, and 4 patients could not enter the study because of hypertension (>160/95 

mmHg) despite treatment, leaving 58 patients that were included in this study. During 

the screening period, we have seen 3 patients initially meeting other inclusion criteria 

progressing from normoalbuminuria to macroalbuminuria within a period shorter than 

24 months. In accordance with the study protocol, these patients could not be included. 

The characteristics of patients included are outlined in table 1. The relatively large 

proportion of non-Caucasians in the study group reflects the population constitution in 

the area. This group consists predominantly of first and second generation immigrants 

from northern Africa, and Hindustani and Creole people from the former Dutch colony 

of Surinam. Reasons for terminating follow-up were the development of macro

albuminuria in 8 patients, change of medication possibly influencing the natural course 

of MA in 4 patients, and loss to follow-up in 2 patients. The remaining 44 patients were 

still within the MA range when the study was closed. 
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age (years) 
sex (men/women, n) 
ethnicity (Caucasian / non-Caucasian, n) 
time since diagnosis of NIDDM (years) 
BMI (kg/m2) 
MABP (mmHg) 
current smoking (n) 
insulin treatment (n) 
use of ACE inhibitor (n) 
use of other anti-hypertensives (n) 

follow-up period (months) 
number of triplicate samples per patient (n) 
ACR at baseline (mg/mmol) 

HbAlc(%) 
serum creatinine ((imol/l) 
total cholesterol (mmol/l) 
triglyceride (mmol/l) 
HDL cholesterol (mmol/l) 

61.8 
33/25 
23/35 
7.5 
29.0 
99.3 
16 
34 
26 
7 

34.1 
4.0 

8.9 
91.5 
6.3 
2.6 
I.I 

(11.2) 
(57/43%) 
(40/60%) 
(1-28) 
(4.3) 
(8.1) 
(28%) 
(59%) 
(45%) 
(12%) 

(10.2) 
(4-13) 
(3.3-26.6; 

(1.9) 
(20.5) 
( I . I ) 
(0.8- I I.I) 
(0.3) 

Table I : Clinical and baseline laboratory data of 58 study patients. 
Continuous data are indicated as mean (SD) or, in case of data with skewed distributions, as median (range). 
Nominal data are presented as number of patients. BMI = body mass index, MABP= mean arterial blood 
pressure, ACR=Albumin to Creatinine Ratio. 

Figure 1 demonstrates the absence of a correlation between absolute progression 

and baseline values of MA, suggesting that MA increases linearly in time. This is 

confirmed when R-squared values for all 58 regression analyses assessing progression 

progression MA (mg/mmol/year) 
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Figure I : Absolute progression of MA in 58 NIDDM patients, expressed as yearly increase in 
albumin-to-creatinine ratio, versus baseline MA values. 
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Figure 2: Frequency distribution of rates of progression of microalbuminuria, expressed as yearly change in 
albumin to creatinine ratio (AACR), in 58 subjects with NIDDM. 

using log-transformed data are compared to those using non-transformed data: mean 

R2=0.48 (SD 0.33) for non-transformed data, and 0.46 (SD 0.34) for log-transformed 

data (p=0.45 by paired t-test). The linear increase of MA in time implies that it is more 

appropriate to express progression of MA in terms of absolute progression rather than 

as a percentage of the baseline level of MA. 

Figure 2 displays the frequency distribution of absolute progression of MA, expressed 

as yearly change (A) in ACR. Considerable variability in progression rates existed, with 

AACR ranging from -5.2 to +12.9 mg/mmol/year. Thirty-six percent (21/58) showed 

stable MA or regression (AACR <0 mg/mmol/year) during the study period. Thirteen 

of these patients used an ACE inhibitor. Median AACR in the 32 patients not using an 

ACE inhibitor was 2.5 mg/mmol/year, ranging from -1.4 to +12.9. Twenty-eight percent 

(16/58) of patients showed slow to moderate progression (<0 AACR <2 mg/mmol/ 

year), and 36% (21/58) shows more rapid progression (AACR>2 mg/mmol/year). 

Table 2 shows the results of bivariate correlation tests examining possible explanatory 

variables of progression of MA. Serum triglyceride concentration, use of ACE inhibitors, 

MABP, HDLc, time since diagnosis of NIDDM, ethnicity, and sex (in order of decreasing 

statistical significance) showed a p-value for bivariate correlation with AACR of 0.20 or 

less, and were included in the multiple regression model as possible predictors of 

progression of MA. Potential risk factors showing an uneven distribution between the 

group of ACE inhibitor users versus non-ACE inhibitor users were MABP (mean 106 
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Continuous: T P-value 
age -0.09 0.31 
time since diagnosis of NIDDM * -0.20 0.03 
BMI -0.02 0.80 
MABP* -0.29 0.002 
HbAlc 0.01 0.89 
serum creatinine 0.02 0.85 
cholesterol 0.1 1 0.23 
triglyceride * 0.29 0.002 
HDL cholesterol* -0.21 0.02 
baseline ACR -0.12 0.24 

Nominal mean difference in AACR P-value 
sex (male vs female) * 1.77 0.20 
ethnicity (non-Cauc.vs Cauc.) * 1.23 0.09 
smoking (yes vs no) 1.14 0.60 
insulin treatment (yes vs no) -0.16 0.82 
use of ACE inh (yes vs no) * -3.1 1 0.002 
use of other antihypertensives (yes vs no)t -0.50 0.90 

Table 2: Bivariate analyses of possible determinants of progression of MA. 
T = Kendall rank correlation coefficient tau. Variables indicated with * were included in multivariate analysis, 
t patients using ACE inhibitors were excluded from this analysis. 

mmHg in ACE inhibitor users vs 97 mmHg in non-ACE inhibitor users), and serum 

triglycerides (2.8 vs 3.7 mmol/1). All other factors were similar for both groups. 

In multiple regression analysis without consideration of interaction effects, only use 

of an ACE inhibitor (p=0.01) and triglyceride concentration (p=0.02) correlated 

significandy with AACR (data not shown in detail). On examination of possible interaction 

terms, all results were negative, except for a significant interaction effect between 

triglyceride and the inverse of HDLc. The interaction term "triglyceride/HDLc-ratio" 

coefficient 95% CI P-value 

Included: 
triglyceride/HDLc ratio 
use of ACE inhibitor (yes) 

Dropped out: 
sex (male) 
MABP (mmHg) 
ethnicity (non-Caucasian) 
time since diagnosis of NIDDM (years) 

R2 = 0.31 

0.40 0.1 - 0,7 0.006 
-2.35 -1.0 - -3.8 0.007 

0.99 -0.7 - 2.7 0.25 
-0.05 -0.1 - 0.04 0.31 
0.83 -0.8 - 2.5 0.33 

-0,6 -2.1 - 0.9 0.44 

Table 3: Results of stepwise multiple regression analysis: determinants of progression of microalbuminuria. 
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AACR (mg/mmol/year 

14 

yes no 

ACE-inhibitor 

Figure 3: Progression of MA, expressed as yearly change in albumin to creatinine 
ratio (AACR), versus the use of ACE inhibitors in 58 NIDDM patients. 

was identified as a powerful independent predictor of progression of AACR in multiple 

regression analysis. Table 3 shows the results of multivariate analysis with AACR as the 

dependent variable. Use of an ACE inhibitor and the triglyceride/HDLc-ratio were the 

only factors significantly predicting the progression rate of MA. These effects were 

unrelated to individual differences in the duration of follow-up. The bivariate correlation 

between MABP and progression of MA was not observed in the multivariate analysis 

after correction for the use of ACE inhibitors. Figures 3 and 4 show bivariate plots of 

use of an ACE inhibitor and triglyceride/HDLc-ratio versus AACR. The scatter plot in 

figure 4 suggests a curvi-linear correlation between the triglyceride/HDLc-ratio and 

AACR. When various cut-off values of the triglyceride/HDLc-ratio were tested against 

each other in multiple regression models, the value of 3.0 proved to be the most powerful 

(regression coefficient: 2.3, p=0.008, illustrated as vertical line in figure 4). When baseline 

ACR, smoking, total cholesterol, and HbAlc were separately forced into the multivariate 

model, the results of the bivariate correlation tests were confirmed, indicating no predictive 

value of these variables for progression of MA. Replacing baseline values of serum 

triglyceride levels and HDLc levels by mean values of these variables during follow-up 

resulted in weaker correlations with progression of MA. Mean values of systolic blood 

pressure, diastolic blood pressure, MABP, serum creatinine, cholesterol, and HbAlc during 

follow-up showed equally non-significant correlations with progression of MA, similar 
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AACR (mg/mmol/year) 

14 

2 4 6 8 10 12 14 
baseline triglyceride - HDLc ratio (mmol/mmol) 

Figure 4: Progression of MA, expressed as yearly change in albumin to creatinine ratio (MCR), versus the 
triglyceride-HDLc ratio at the start of the follow-up period. 
The cut-off value of 3.0 for the ACR is indicated by vertical line. 

as those seen for baseline values of these variables (data not shown). 

Separate analysis of those patients developing macroalbuminuria versus those who 

remained microalbuminuric showed that these 2 groups were different with respect to 

the triglyceride/HDLc-ratio (mean 6.2 in those developing macroalbuminuria versus 2.9 

in those remaining MA, p=0.01), and with respect to the time since diagnosis of NIDDM 

(9.5 versus 4.6 years, p=0.05). Twenty-five percent (2/8) of patients developing macro

albuminuria were using an ACE inhibitor, versus 48% (24/50) of patients remaining 

within the MA range (p=0.26 by Fischer's Exact test). Other parameters were similar in 

the 2 groups. 

The Albumin Excretion Rate (AER) proved to be a more variable parameter of 

24-hour albuminuria than the ACR. The average coefficient of variation for the triplicate 

samples was 22% for ACR and 28% for AER. When the data are analysed using the 

AER instead of the ACR, essentially the same results are obtained, albeit with a lower 

level of statistical significance (p=0.03 for the triglyceride/HDLc ratio and p=0.01 for 

ACE inhibitors in the final multivariate model) 
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DISCUSSION 

Although MA is a well established risk indicator for complications in IDDM and 

NIDDM, relatively lkde attention has been paid to the progression characteristics of 

MA. Our first observation was that in NIDDM patients who are either normotensive or 

have well-regulated blood pressure, MA progresses linearly in time. The few studies that 

previously addressed the issue of progression all expressed yearly increments of MA as 

a percentage of baseline MA values. By doing so, one assumes that progression usually 

occurs in an exponential fashion. To our knowledge, evidence that this is indeed the case 

is lacking. Our results indicate that it is more appropriate to express yearly progression 

of albuminuria, at least within the MA range, in absolute terms, rather than as a yearly 

percentage. 

The present study identifies two factors predicting the rate of progression of MA in 

NIDDM: dyshpidaemia and the use of ACE inhibitors. Other factors, like smoking, 

glycaemic control, serum creatinine, and cholesterol levels did not predict progression 

of MA. Blood pressure, within the limited range allowed for by the study inclusion 

criteria, was also unrelated to progression after correction for the use of ACE inhibitors. 

As blood pressure was even slighdy higher in the group of ACE inhibitor users, it is 

unlikely that the lower rate of progression of MA in this group is due to a blood pressure 

related effect. 

The stabilising effects of ACE inhibition on MA in NIDDM patients, independent of 

an antihypertensive effect, have been demonstrated before in larger, prospective, studies 

(10,12,13). It must be emphasised, however, that beneficial effects of ACE inhibitors on 

MA-related end-points in NIDDM, like cardiovascular events, mortality, and end-stage 

renal disease, have not been firmly established (14). In IDDM, it is currently becoming 

evident that ACE inhibition in patients with MA can postpone progression to overt 

proteinuria, but evidence of a long term stabilising effect on glomerular filtration rate is 

still not convincing (15,16). Further studies on the long term effects of ACE inhibition 

are needed in both IDDM and NIDDM patients. Meanwhile, however, it seems reasonable 

to assume that the stabilising effects of ACE inhibitors on MA in NIDDM probably 

reflect a favourable pathophysiological response to these drugs. 

Dyslipidaemia has in several cross-sectional studies been shown to correlate with the 

presence of MA in NIDDM (17-20). Only a few studies, however, have addressed the 

temporal relation between the two. Some have suggested that dyslipidaemia precedes 
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the development of MA, whereas others found MA to come first, suggesting that 

albuminuria somehow plays a role in the etiology of dyslipidaemia (21). An alternative to 

singular, unidirectional causality between MA and dyslipidaemia is that both result from 

a common pathophysiological process, like generalised endothelial dysfunction with 

disturbed lipoprotein lipase activity. The occurrence of MA is related to endothelial 

dysfunction in both IDDM and NIDDM (22,23). Recently, it has been proposed to regard 

MA as an independent manifestation of the cardiometabolic Syndrome-X, in which it 

would play a role in the complex of causal relations between insulin resistance (with associated 

hyperinsulinaemia and hyperglycaemia), hypertension, and dyslipidaemia (6,24). 

Although dyslipidaemia is widely accepted to be associated with the occurrence of 

MA, its role in predicting the rate at which MA progresses in NIDDM patients has not 

been appreciated before. We found one study report with data suggesting the existence 

of a correlation between hyperlipidaemia and progression of MA, but the authors did 

not specifically comment on this result (25). High triglyceride levels hâve been shown to 

be a risk factor for more rapid progression of nephropathy in NIDDM patients with 

overt proteinuria (>0.5 gram/24 hour) (26). The present study shows that the correlation 

of MA with dyslipidaemia in NIDDM does not only concern the presence of MA, as 

has been found in cross-sectional studies, but also its rate of progression. It is the 

combination of the two hallmarks of NIDDM associated dyslipidaemia; high triglyceride 

and low HDLc levels, which correlates most strongly with progression of MA. The 

pathophysiological significance of this specific combination is not a novelty; high 

triglycerides and low HDLc together determine the cardiovascular risk profile more 

strongly than either one alone (27). Furthermore, this specific combination correlates 

with the severity of insulin resistance (27,28), which in turn appears to be associated to 

the presence of MA (29). The significance of this 'lipid ratio' in terms of cardiovascular 

risk may lie in the effects of triglycerides on LDL particle size. High triglyceride levels 

result in more atherogenic small-dense LDL particles, requiring more "protective" HDL 

particles (30), which could explain why the ratio between triglyceride and HDLc levels 

has clinical relevance. The predicting role of MA for cardiovascular disease, the increased 

cardiovascular risk associated with high triglycerides-low HDL, and the correlation found 

between this type of dyslipidaemia and progression of MA suggests that our findings 

more strongly reflect cardiovascular disease than renal disease. 

Apart from dyslipidaemia, other factors have previously been reported to correlate 

with the presence of MA in NIDDM including age, sex, duration of disease, obesity, 

67 



Chapter 3 

smoking, use of insulin, blood pressure, and metabolic control (6). Only a few studies 

have previously addressed the question of which factors may determine the rate of 

progression of albuminuria in NIDDM. Some of these have identified metabolic control 

(31), and duration of NIDDM (32) as being associated with more rapid rates of 

progression of MA, or with transition from normoalbuminuria to MA, or from MA to 

overt proteinuria. Other studies are more in line with our findings, reporting that 

progression of albuminuria is unrelated to blood pressure, metabolic control, duration 

of NIDDM, kidney function, and BMI (8,20,25,31-33). The multivariate R2 observed 

indicates that 31% of the total variability in progression of MA was explained by the 

model, leaving 69% open for additional factors. It is possible that we have identified only 

the two strongest correlating variables, and that a similar study including a considerably 

larger number of subjects would identify some of the variables found by us not to be 

significant, as explaining some of this 69% residual variability. However, we think it is 

likely that other, unidentified factors, genetic and/or metabolic in nature, are also involved. 

This study has several limitations. Patient selection in the current study design was 

based on referral to an Internal Medicine outpatient clinic, a good record of subsequent 

outpatient attendance, and a sufficiently long follow-up period with albuminuria within 

the MA range. Because of the selection bias that may have been introduced by this, we 

feel that caution is required in extrapolating results regarding the distribution and mean 

value of the rate of progression of MA to NIDDM patients in general. Conclusions 

from our data are valid only insofar as they pertain to the degree of variability in 

progression of MA and to the identification of determinants that explain this variability. 

Also, from a methodological point of view, a study with an inception cohort, starting 

each patient's follow-up while albumin excretion is still within the normoalbuminuria 

range or has just entered the MA range, would be preferable in order to avoid different 

durations of follow-up and the possible confounding effects of differences in baseline 

levels of MA. In this study, correction for these potential confounders did not affect the 

main conclusions. Finally, it is important to stress that the prognostic significance of 

progression of MA in NIDDM is unknown. In IDDM, the rate of progression of MA 

has been identified as a more specific risk indicator than the mere presence of MA (34). 

Although it is conceivable that the same is true for NIDDM, no solid data in support of 

this are available. Nevertheless, it seems likely that, at the least, the rate of progression of 

MA in NIDDM is relevant with respect to the risk of developing clinical nephropathy, if 

not macroangiopathy. Whether progression of MA in NIDDM patients is an independent 
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risk indicator for future macrovascular events cannot be determined on the basis of the 

current study results. Only sporadic cases of cardiovascular events during follow-up 

were seen. Following the subjects for an additional period of 5 to 10 years may provide 

an answer to this question. 

An advantage of this study compared to other studies addressing the subject of 

progression of MA is that we have employed a more intensive method of assessing the 

level of MA at each point in time. This has resulted in a substantial amount of data (at 

least four times three equals twelve 24-hour urine samples) for each patient. Since 

considerable short term variability in the degree of MA exists (35,36), we think that 

studies that determine progression of MA from only 2 or 3, often untimed urine collections 

should be interpreted with caution. To our knowledge, this is the largest, if not the only, 

study addressing the issue of progression of MA using such extensive data. Furthermore, 

we believe it to be an advantage that we studied an NIDDM population with well-

controlled blood pressure, as little useful information would have been gained by 

investigating a group of NIDDM subjects with poorly controlled hypertension. 

In conclusion, this study shows that NIDDM patients with MA and controlled blood 

pressure by no means are a uniform group. Some patients have relatively stable MA, and 

some show rapid progression towards overt proteinuria. Dyslipidaemia and the use of 

ACE inhibitors partly explain these differences. Intervention studies on the effect of 

treatment of dyslipidaemia on progression of MA are needed, as are studies on the 

specific prognostic significance of differences in progression of MA in NIDDM. 
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