PRELIMINARY REPORT

Lack of a Relationship Between Urinary Albumin Excretion Rate and
Insulin Resistance in Patients With Non-Insulin-Dependent Diabetes Mellitus

A. Rizvi, B. Varasteh, Y.-D.l. Chen, and G.M. Reaven

The study was performed to determine the relationship between urinary albumin excretion (UAE) and resistance to
insulin-mediated glucose disposal in patients with non—insulin-dependent diabetes mellitus (NIDDM). Twenty-five non-obese
male patients were enrolled; UAE rates were determined on two 24-hour urine collections, and resistance to insulin-mediated
glucose disposal was quantified by measurement of steady-state plasma glucose {SSPG) and steady-state plasma insulin
concentrations during the last 30 minutes of a 180-minute infusion of somatostatin, insulin, and glucose. Twenty-four-hour
urine UAE rates varied from 6 to 112 pg/min, and microalbuminuria (> 20 ng/min) was present in seven of 25 patients. SSPG
concentration ranged from 158 to 419 mg/dL, and there was no relationship between UAE rates and SSPG concentration
{r = .16, P = NS). Furthermore, the mean SSPG concentration was not significantly different in seven patients with
microalbuminuria compared with 18 normoalbuminuric subjects (318 + 20 v 298 + 17 mg/dL). Thus, resistance to insulin-
mediated glucose disposal occurs in patients with NIDDM in the absence of microalbuminuria, and we could not detect any

relationship between UAE and insulin resistance in this population.
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HE CURRENT STUDY was initiated to extend our
evaluation of the relationship, if any, between microal-
buminuria and resistance to insulin-mediated glucose dis-
posal in patients with non—-insulin-dependent diabetes mel-
litus (NIDDM). Although there is considerable evidence
that insulin resistance is a common finding in patients with
NIDDM and in their nondiabetic first-degree relatives, 1!
evidence has recently been published suggesting that resis-
tance to insulin-mediated glucose disposal in patients with
NIDDM is primarily a function of the coexistence of
microalbuminuria.}?* Since these findings seemed to con-
flict with our experience over the past 20 years that insulin
resistance is present in the vast majority of patients with
NIDDM, we recently compared the insulin resistance in
normal volunteers with that in NIDDM patients without
microalbuminuria.’® In this report, we broaden the scope of
our inquiry by including microalbuminuric patients with
NIDDM, as well as changing the ethnicity of the study
group from Chinese patients to individuals of European
ancestry.

SUBJECTS AND METHODS

The study population consisted of 25 consecutive male patients
with NIDDM who volunteered for the study and satisfied the
following criteria: currently under sulfonylurea treatment, with a
fasting plasma glucose of less than 200 pg/dL; (2) body mass index
less than 30 kg/m?% (3) normotensive; and (4) negative result on
dip-stick test for proteinuria. The mean age of the subjects was 57
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years (range, 40 to 66), and they had a mean body mass index of
25.7 kg/m? (range, 24.3 t0 29.4).

The study was approved by the Institutional Review Board of
Stanford Medical Center, and informed consent was provided by
all participants,

Resistance to insulin-mediated glucose disposal was determined
by a modification of the insulin suppression test.!® Briefly, each
subject received a 180-minute continuous intravenous infusion of
somatostatin (300 pg/h), insulin (25 mU/m?/min), and glucose
(240 mg/m?/min). Venous blood samples were obtained before
and after 30, 60, 90, 120, 150, 160, 170, and 180 minutes after
starting the infusion for measurement of plasma glucose and
insulin levels.'® The mean value of the four measurements made
during the last 30 minutes of the test was used to calculate
steady-state plasma insulin (SSPI) and steady-state plasma glucose
(SSPG) correlations. Given the similarity of the steady-state
plasma insulin levels, the SSPG concentration provides a measure
of insulin-mediated glucose disposal, ie, the higher the SSPG, the
more insulin-resistant the subject. Blood drawn before the insulin
suppression test was also used for determination of plasma lipid
and lipoprotein concentrations, as described previously.! Finally,
all participants collected two 24-hour urine samples for determina-
tion of urinary albumin excretion (UAE) rate.t”

RESULTS AND DISCUSSION

Microalbuminuria was present in seven of 25 subjects, a
prevalence comparable to that seen in several published
studies reviewed recently.l® The SSPG concentration
(mean = SEM) in these seven individuals was 318 + 20
mg/dL, as compared with 298 + 17 mg/dL in the other 18
subjects; this difference was not statistically significant. To
put the degree of insulin resistance present in these 25
patients in perspective, the mean value = 2 SD of the last
240 normoglycemic individuals studied by our group was
119 + 68 mg/dL; only one of the patients studied had an
SSPG concentration (158 mg/dL) within the 95% confi-
dence limits of the normal population.

Figure 1A shows the relationship between UAE rate and
SSPG concentration in these 25 patients with NIDDM. It is
apparent that there was no significant relationship between
the two variables. Since patients with NIDDM often have
high plasma triglyceride (TG) and low high-density lipopro-
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tein (HDL) cholesterol concentrations, we also investigated
the association between UAE and these two variables.
These relationships are shown in Fig 1B and C, respec-
tively, and it is apparent that the variables were not
significantly correlated with UAE rate. Furthermore, there
were no differences between patients with and without
microalbuminuria with regard to plasma TG (218 =37 v
172 = 16 mg/dL) and HDL cholesterol (43 =2 v 45 + 3
mg/dL) concentrations.

These results offer evidence that insulin resistance is
present in NIDDM patients of European ancestry regard-
less of whether they have microalbuminuria. Furthermore,
in this population, the magnitude of insulin resistance was
unrelated to variations in UAE rates. As such, these data
support similar results recently described by Nielsen et al,*®
as well as our observations in Chinese patients with
NIDDM.5 Finally, the characteristic changes in lipid me-
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Fig 1. Relationship between UAE and (A) SSPG, (B} TG, and {(C)
HDL cholesterol.

tabolism seen in patients with NIDDM were also unrelated
to UAE rates.

The fact that we have been unable to define an associa-
tion between UAE rates and insulin resistance in two
disparate ethnic groups suggests that our results can be
generalized, and differences in ethnicity do not provide an
explanation for the disparity between our results and those
of others.’>* Furthermore, although we used the insulin
suppression test to assess insulin-mediated glucose dis-
posal,6 as compared with the euglycemic clamp technique
used in the other studies, we have previously shown? that
these two methods are highly correlated ( > .9). Thus, the
differences in methods of assessing insulin resistance can-
not account for the disparity in the results. Perhaps the
method of patient selection provides the most likely expla-
nation for differences in the data. Specifically, three stud-
ies!>!4 in which a relationship between insulin resistance
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and microalbuminuria was demonstrated were performed
on patients selected because they had high blood pressure,
microalbuminuria, or both. The potential impact of this
selection process on the study results is not immediately
apparent, but a closer inspection of the data reveals some
interesting findings. For example, in the report by Groop et
al,!2 glucose disposal rates in 52 patients with NIDDM were
reduced by 36% as compared with control values (n = 19),
in contrast to differences of more than 50% as reported by
other investigators.>® Although Niskanen and Laakso®* did
not compare glucose disposal rates in their NIDDM pa-
tients versus a control population, values in subjects with or
without microalbuminuria were both lower than estimates
for normal volunteers reported by many other groups using
the clamp technique.>® Furthermore, since the mean 24-
hour UAE was 131 mg, with a range that included patients
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excreting 3.8 g albumin/d, a proportion of the patients they
studied cannot be classified as microalbuminuric. Unfortu-
nately, creatinine clearance measures were not included,
and it is not possible to know if any of these subjects also
had a decrease in glomerular filtration rate, a variable that
could also contribute to the greater degree of insulin
resistance in the proteinuric group.

In conclusion, the results of this study in 25 non-obese
NIDDM patients of European ancestry support the view
that insulin resistance and dyslipidemia can be found in
patients with NIDDM independently of variations in UAE
rates. The results neither support nor rule out the possibil-
ity that the magnitude of insulin resistance and dyslipide-
mia is accentuated in patients with NIDDM who are also
microalbuminuric.

REFERENCES

1. Ginsberg H, Kimmerling G, Olefsky JM, et al: Demonstration
of insulin resistance in untreated adulf onset diabetic subjects with
fastmg hyperglycemia. J Clin Invest 55:454-461, 1975

2. Kimmerling G, Javorski WC, Olefsky IM, et al: Locating the
site(s) of insulin resistance in patients with nonketomc diabetes
mellitus. Diabetes 25:673-678, 1976

3. DeFronzo R, Diebert D, Hendler R, et al: Insulin sensitivity
and insulin binding to monocyte in maturity-onset diabetes. J Clin
Invest 63:939-946, 1979

4. Kolterman OG, Gray RS, Griffin J, et al: Receptor and
post-receptor defects contribute to the insulin resistance in non—
insulin dependent diabetes mellitus. J Clin Invest 68:957-969, 1981

5. Rizza RA, Mandarino LJ, Gerich JE: Mechanism and signifi-
cance of insulin resistance in non-insulin-dependent diabetes
mellitus. Diabetes 30:990-995, 1981

6. Nankervis A, Proietto J, Aitken P, et al: Differential effects of
insulin therapy on hepatic and peripheral insulin sensitivity in type
2 (non-insulin-dependent) diabetes. Diabetologia 23:320-325, 1982

7. Reaven GM: Insulin resistance in non-insulin-dependent
diabetes mellitus. Does it exist and can it be measured? Am J Med
74:3-17, 1983

8. Reaven GM, Chen Y-DI, Donner CC, et al: How insulin
resistant are patients with non-insulin-dependent diabetes melli-
tus? J Clin Endocrinol Metab 61:32-36, 1985

9. Laws A, Stefanick ML, Reaven GM: Insulin resistance and
hypertriglyceridemia in non-diabetic relatives of patients with
non-insulin-dependent diabetes mellitus. J Clin Endocrinol Metab
69:343-347, 1989

10. Ericksson J, Franssila-Kallunki A, et al: Early metabolic
defects in persoris at increased risk for non—insulin-dependent
diabetes mellitus. N Engl J Med 321:337-343, 1989

11. Ho LT, Chang ZY, Wang JT, et al: Insulin insensitivity in

offspring of parents with type 2 diabetes mellitus. Diabetic Med
7:31-34, 1990

12. Groop L, Ekstrand A, Forsblom C, et al: Insulin resistance,
hypertension and microalbuminuria in patients with type 2 (non—
insulin-dependent) diabetes mellitus. Diabetologia 36:642-647,
1993 ‘

13. Niskanen L, Laakso M: Insulin resistance is related to
albuminuria in patients with type II (non-insulin-dependent)
diabetes mellitus. Metabolism 42:1541-1545, 1993 '

14. Zambon S, Manzato E, Solini A, et al: Lipoprotein abnormali-
ties in non-insulin-dependent diabetic patients with impaired extra
hepatic insulin sensitivity, hypertension, and microalbuminuria.
Arterioscl Thromb 14:911-916, 1994

15. Sheu W, Jeng C-Y, Fuh M, et al: Resistance to insulin-
mediated glucose disposal in patients with non—-insulin-dependent
diabetes mellitus in the absence of obesity or microalbuminuria. J
Clin Endocrinol Metab (in press) ‘

16. Sheu WH-H, Shieh S-M, Fuh MM-T, et al: Insulin resis-
tance, glucose intolerance and hyperinsulinemia. Hypertriglyceri-
demia versus hypercholesterolemia. Arterioscler Thromb 13:367-
370, 1993

17. Maratsugu M, Ohta F, Miya Y, et al: Quartz crystal
microbalance for the detection of microgram quantities of human
serum albumin: Relationship between the frequency change and
the mass of protein absorbed. Anal Chem 65:2933-2937, 1993

18. Alzaid AA: Microalbuminuria in patients with NIDDM: An
overview. Diabetes Care 19:79-89, 1996

19. Nielsen S, Schmitz O, Orskov H, et al: Similar insulin
sensitivity in NIDDM patients with normoalbuminuria and micro-
albuminuria. Diabetes Care 18:834-842, 1995

20. Greenfield MS, Doberne L, Kraemer FB, et al: Assessment
of insulin resistance with the insulin suppression test and the
euglycemic clamp. Diabetes 30:387-392, 1981



