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Abstract

Weight gain and central obesity are associated with insulin resistance, hypertension, and dyslipidemia
in type 1 diabetes. These metabolic abnormalities are risk factors for kidney disease in the general
population, but data addressing the relationship of central obesity with kidney disease in type 1
diabetes are limited. Whether waist circumference is associated with incident microalbuminuria and
change in creatinine clearance was examined among 1279 participants who had type 1 diabetes and
were enrolled in the Epidemiology of Diabetes Interventions and Complications Study, the
observational extension of the Diabetes Control and Complications Trial (DCCT). Ninety-three of
1105 participants with normal albumin excretion rate (AER) at DCCT closeout developed incident
microalbuminuria over 5.8 yr of follow-up. The hazard ratio for incident microalbuminuria that was
associated with each 10-cm greater waist circumference at DCCT closeout was 1.34 (95% confidence
interval 1.07 to 1.68), after adjustment for DCCT closeout age, gender, duration of diabetes, treatment
group, smoking status, glycosylated hemoglobin, and AER. This increased risk was modestly
attenuated when additional adjustment was made for levels of BP and serum lipids. Creatinine
clearance declined by an average of 0.34 ml/min per 1.73 m? each yr over 8 yr of follow-up. Greater
rate of decline in creatinine clearance was associated with greater age, conventional insulin therapy
during the DCCT, smoking, and greater glycosylated hemoglobin and AER at DCCT closeout but
not with waist circumference. In conclusion, waist circumference predicts the subsequent
development of microalbuminuria in type 1 diabetes. In contrast, no association of waist
circumference with decline in creatinine clearance was observed.
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Diabetic nephropathy is the leading cause of ESRD in the United States and an important cause
of morbidity and mortality for individuals with type 1 diabetes (1,2). Intensive glycemic control
markedly improves renal outcomes in this population (3,4). However, weight gain complicates
intensive insulin therapy, and metabolic abnormalities such as central obesity, insulin
resistance, hypertension, and an atherogenic dyslipidemia have emerged as a potential new
threat (5). These characteristics are associated with kidney disease in the general population
(6-9), but causes of kidney disease may differ for individuals with diabetes.

This study, which establishes a relationship between central obesity measured as waist
circumference and development of microalbuminuria in adult type I diabetics, is linked to
a study by Mitsnefes et al. in this month’s issue of CJASN (pp. 46 —50), which found that
overweight children with chronic kidney disease had relatively lower adiponectin levels
and therefore possibly increased risk of cardiovascular disease as well.

Waist circumference is a measure of central obesity that reflects metabolically active visceral
fat (10,11). Previous studies in patients with type 1 diabetes described correlations among
central obesity, insulin resistance, and microalbuminuria, an early sign of kidney disease and
an important risk factor for overt nephropathy (12-16). Such associations suggest a potential
causal role for central obesity and insulin resistance in the pathogenesis of renal complications
intype 1 diabetes, adisease that is characterized fundamentally by insulin deficiency. However,
previous studies were limited by cross-sectional design or limited follow-up, and none has
examined the relationship of central obesity with other measures of kidney function, leaving
the role of central obesity in diabetic kidney disease ambiguous. To delineate further the role
of central obesity in the renal complications of type 1 diabetes, we examined prospectively
whether waist circumference is associated with incident microalbuminuria and change in
creatinine clearance over time in a large, well-characterized cohort of individuals with type 1
diabetes.

Materials and Methods

Study Population

The Diabetes Control and Complications Trial (DCCT) was a multicenter clinical trial that
examined the effects of intensive insulin therapy in individuals with type 1 diabetes (17). A
total of 1441 participants between the ages of 13 and 39 yr were randomly assigned to intensive
or conventional insulin therapy. The trial included two cohorts: A primary prevention cohort
(1to 5 yr duration of diabetes, albumin excretion rate [AER] <40 mg/24 h, and no retinopathy)
and a secondary prevention cohort (1 to 15 yr duration, AER <200 mg/24 h, and no more than
moderate nonproliferative retinopathy). Patients were followed for a mean of 6.5 yruntil DCCT
closeout in 1993 to 1994, the first time at which waist circumference was recorded. All DCCT
participants then were invited to join the Epidemiology of Diabetes Interventions and
Complications (EDIC) study, an observational extension of the DCCT, and 1375 (96% of the
surviving cohort) agreed to participate. At the end of the DCCT, all former conventional
treatment participants were offered instruction in intensive therapy, and all participants
returned to their own health care providers for diabetes care. During the EDIC study, mean
glycosylated hemoglobin (HbA1.) levels converged between the former treatment groups (4).

Our cohort study begins at DCCT closeout and follows participants through 8 yr of the EDIC
study. The analytic cohort consists of all EDIC study participants excluding (1) those who were
pregnant (n = 23) or did not have waist circumference (n = 40) or AER (n = 12) recorded at
DCCT closeout and (2) those who had fewer than two follow-up urine collections for AER
and creatinine clearance during the EDIC study (n = 13). For the analyses of incident
microalbuminuria only, an additional 174 participants with prevalent microalbuminuria (AER
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>30 mg/24 h) at DCCT closeout were excluded, leaving an analytic subset of 1105 participants
with normal albumin excretion at study baseline. Informed consent for DCCT/EDIC study
participation was granted by all patients, and the University of Washington Institutional
Review Board approved the study described here.

Study Measurements

Demographic, anthropometric, physical examination, and laboratory data were collected for
all participants at DCCT closeout. Waist circumference, body mass index (BMI), and waist-
to-hip ratio (WHR) each were examined as exposures. A priori, waist circumference was
chosen over BMI as the primary exposure because of its superior correlations with both visceral
adipose tissue and AER in cross-sectional studies (7,10,12). Waist circumference was chosen
over WHR as the primary exposure because of its use in common clinical guidelines (18) and
because it is a direct anthropometric measurement rather than a calculated ratio. Waist
circumference was measured with the patient standing erect at the narrowest part of the torso,
as seen from the rear, with the abdomen relaxed at end expiration.

Creatinine clearance and AER were measured by timed 4-h urine collection, with each
expressed per 24 h (3). Collection began after breakfast and the morning dose of insulin, resting
in a sitting position, with 250 ml of water orally every 30 min. Urine albumin concentration
was measured by fluoroimmunoassay, and serum and urine creatinine were measured by a
variation of the Jaffe method. Coefficients of variation were 9.4% for urine albumin
concentration and 2.3% for both urine and serum creatinine concentrations (4). Longitudinal
measurements were obtained on alternate years throughout EDIC study follow-up. Creatinine
clearance was evaluated both adjusted and unadjusted for body surface area (BSA) (19).

BP was measured by trained observers using mercury manometers with participants
comfortably seated. HbA; was measured using high-performance ion-exchange liquid
chromatography (20). GFR, measured at DCCT closeout as the renal clearance of [12°]]
iothalamate after a subcutaneous injection without epinephrine, was used to determine whether
change in creatinine clearance over follow-up differed by baseline level of kidney function
(21).

Definition of Incident Microalbuminuria

Incident microalbuminuria was defined for these analyses as an AER >30 mg/24 h on two
consecutive measurements to reduce misclassification as a result of variability in AER,
consistent with recent American Diabetes Association guidelines (22). Because previous
DCCT/EDIC analyses used an AER threshold of 40 mg/24 h to define microalbuminuria, this
threshold was examined as a secondary outcome (3,4). Incident microalbuminuria was defined
to occur at the time of the first elevated AER measurement, with the subsequent elevated AER
measurement serving as a validating result. Patients were considered at risk from DCCT
closeout until they developed incident microalbuminuria or until their penultimate AER
measurement. When a scheduled AER measurement was missed, participants were censored
at the time of the preceding AER measurement.

Statistical Analyses

Because waist circumference varies strongly by gender, waist circumference was divided into
quartiles within each gender for comparison of characteristics at DCCT closeout. Because of
strong rightward skew, AER also was evaluated after log transformation and as a dichotomous
variable.

The unadjusted cumulative incidence of microalbuminuria was calculated as the number of
individuals who met the definition of incident microalbuminuria during follow-up divided by
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the number of individuals at risk (AER <30 mg/24 h) at DCCT closeout. The discrete
proportional hazards model, stratified by odd- versus even-year schedule of visits, was used
to quantify the association of waist circumference at DCCT closeout with incident
microalbuminuria, adjusting for age, gender, race, duration of diabetes, treatment group,
smoking status, HbA1., and AER at DCCT closeout (23). Because BP and serum lipids may
either confound or mediate the relationship between waist circumference and incident
microalbuminuria, separate models were fit with and without inclusion of these measurements
at DCCT closeout. A parallel model was created with dummy variables for each gender-specific
waist quartile. Adjusted risk, relative to women in the smallest waist category, then was plotted
at the mean waist circumference for each group. Model assumptions were verified using both
graphical and statistical methods.

Generalized estimating equation models were used to assess the relationships of waist
circumference and covariates with change in creatinine clearance over follow-up. Creatinine
clearance was the dependent variable in all models. Mean rate of change in creatinine clearance
for the cohort as a whole was estimated with a model using time as the only independent
variable. To assess the association of each covariate with change in creatinine clearance over
time, we included categorical covariate variables and their corresponding covariate*time
products as independent variables. Observations were clustered by patient and were assumed
to have exchangeable correlation structure. Sandwich estimators ensured that SE were robust.
Models were both unadjusted and adjusted for DCCT closeout age, gender, race, duration of
diabetes, treatment group, smoking status, HbAl;., AER, and iothalamate GFR. A creatinine
clearance of 10 ml/min per 1.73 m? was assumed for incident dialysis or kidney transplantation
(n =9), at which time participants were censored. To determine whether waist circumference
was associated with more advanced impairment of kidney function, we also tabulated by
gender-specific waist quartile the cumulative incidences of a creatinine clearance <60 ml/min
per 1.73 m? and an estimated GFR <60 ml/min, derived from the abbreviated Modification of
Diet in Renal Disease formula (24).

Baseline Characteristics

At DCCT closeout, greater waist circumference was associated with greater age (men only),
greater duration of diabetes (women only), intensive insulin therapy during the DCCT, greater
BMI, higher BP, and an unfavorable lipid profile but not with Hb A or AER (Table 1). Greater
waist circumference was associated with greater creatinine clearance when unadjusted for BSA
but with lesser creatinine clearance (men only) after correction for BSA. Relationships between
waist circumference and covariates at DCCT closeout were unaltered when examined in the
subset of participants whose AER at DCCT closeout was <30 mg/24 h.

Medication use at DCCT closeout was not available for analysis. However, angiotensin-
converting enzyme inhibitors and angiotensin Il receptor blockers were discouraged during
the DCCT, and only 74 (5.8%) participants were using these agents at the first EDIC study
Visit.

Incident Microalbuminuria

For analyses of incident microalbuminuria, participants with an AER >30 mg/24 h at DCCT
closeout were excluded. Compared with participants who were included in the analyses of
incident microalbuminuria, excluded individuals had a similar gender distribution (55 versus
53% male) and waist circumference (83 versus 83 cm); a greater likelihood of conventional
therapy during the DCCT (61 versus 48%); younger age (33 versus 34 yr); longer duration of
diabetes (14 versus 11 yr); higher systolic and diastolic BP (121/78 versus 116/74), HbA4. (8.9
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versus 8.2%), total cholesterol (191 versus 180 mg/dl), triglycerides (107 versus 81 mg/dl),
and LDL (122 versus 112 mg/dl); and lower HDL (48 versus 52 mg/dl).

During a median follow-up duration of 5.8 yr, 93 (8.4%) of 1105 at-risk individuals developed
microalbuminuria. The unadjusted cumulative incidence of microalbuminuria was greater in
men than in women (10.7 versus 5.8%; P = 0.004) and in those who had been assigned to
conventional versus intensive therapy during the DCCT (12.8 versus 4.5%; P < 0.001).
Unadjusted cumulative incidence of microalbuminuria also increased by quartile of waist
circumference (Figure 1), with the exception of the quartile of greatest waist circumference
for men who were treated with conventional insulin therapy during the DCCT, in which the
number of participants was relatively small (n = 60).

The hazard ratio (HR) for incident microalbuminuria that was associated with each 10-cm
greater waist circumference was 1.34 (95% confidence interval [CI] 1.07 to 1.68), adjusting
for DCCT closeout age, gender, race, duration of diabetes, treatment group, smoking status,
HbA ¢, and AER (Table 2). When systolic and diastolic BP were added to the model, the risk
that was associated with waist circumference was attenuated slightly (HR 1.29; 95% CI 1.02
to 1.63). When serum total cholesterol, triglyceride, LDL, and HDL concentrations also were
added to the model, an additional small attenuation was observed for the risk that was associated
with waist circumference (HR 1.23; 95% CI 0.96 to 1.58). Adjusting for angiotensin-converting
enzyme inhibitor use at the first EDIC study visit or restricting to those without use did not
alter the risk that was associated with waist circumference.

Greater waist circumference was associated with an increased risk for incident
microalbuminuria in each gender (HR 1.65 among women, 1.23 among men; P = 0.209 for
interaction), in each DCCT treatment group (HR 1.40 with intensive therapy, 1.29 with
conventional therapy; P = 0.697 for interaction), and across categories of other covariates
(Table 3, Figure 2). All results were similar using 40 mg/24 h as the AER threshold for incident
microalbuminuria.

Waist circumference was highly correlated with both BMI (r =0.74) and WHR (r = 0.70). BMI
also was associated with an increased risk for incident microalbuminuria when it replaced waist
circumference in the model, and a similar trend was noted for WHR. When each obesity
measure was scaled to its SD, the magnitude of effect that was associated with each
measurement was similar, with widely overlapping 95% CI: Waist circumference HR 1.36
(1.07 to 1.72), BMI HR 1.46 (1.17 to 1.80), and WHR HR 1.33 (0.97 to 1.81).

Change in Creatinine Clearance

Eighty-eight percent of participants had five creatinine clearance measurements available for
analysis, including DCCT closeout measurement; the remainder had three or four. Median
follow-up duration was 8.0 yr. The mean change in creatinine clearance per year was -0.34 ml/
min per 1.73 m2 (95% CI -0.55 to -0.13). Waist circumference was not associated with change
in creatinine clearance over time in unadjusted or adjusted analyses (Table 4). Similarly, neither
BMI nor WHR was associated with change in creatinine clearance over time (data not shown).
No association between waist circumference and change in creatinine clearance was observed
among subgroups that were defined by DCCT closeout GFR (<90, 90 to 150, or >150 ml/min
per 1.73 m2) or AER (> or <30 mg/24 h) or when creatinine clearance measurements that were
unadjusted for BSA were examined as the outcome variable (data not shown). However, several
covariates (greater age, conventional insulin treatment during the DCCT, active smoking,
greater HbA 1, and greater AER) were associated with a greater decline in creatinine clearance
over time (Table 4).
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Finally, 62 participants developed a creatinine clearance <60 ml/min per 1.73 m2 during follow-
up, and 83 developed an estimated GFR <60 ml/min per 1.73 m2. The incidence of neither
measure of impaired kidney function differed by waist circumference, BMI, or WHR (data not
shown).

Discussion

The results of this study demonstrate that central obesity, as measured by waist circumference,
is an independent risk factor for incident microalbuminuria in individuals with type 1 diabetes.
This temporal association suggests that metabolic abnormalities that are associated with central
obesity may contribute to the pathogenesis of microalbuminuria in type 1 diabetes. In contrast,
no association was observed between waist circumference and change in creatinine clearance
over time, further suggesting that microalbuminuria and loss of excretory kidney function may
have different risk factors and pathogenic mechanisms in this population.

Previous studies in type 1 diabetes support the observed association between central obesity
and incident microalbuminuria. Two cross-sectional analyses, one using data midway through
the EDIC study, observed that WHR was correlated positively with AER (12,25). In the
Eurodiab study, baseline WHR was greater in those who had microalbuminuria at follow-up
than in those who did not (16). Although the Eurodiab study was limited by loss to follow-up
and a lack of serial AER measurements, the magnitude of risk that was associated with central
obesity, relative to established risk factors such as HbA . and baseline AER, is consistent with
the results of our study.

Central obesity also has been associated with microalbuminuria among individuals without
diabetes and among individuals with type 2 diabetes, suggesting that the effective mechanism
is not unique to type 1 diabetes (7,26-28). Because adjusting for BP and serum lipid
concentrations resulted in only modest attenuation of the risk for incident microalbuminuria
that was associated with central obesity, it is likely that other pathways contribute to this effect.
Insulin resistance is associated with both central obesity and microalbuminuria and may play
a prominent mediating role. No direct measures of insulin sensitivity are available in this study,
but in another prospective study of individuals with type 1 diabetes, lower estimated glucose
disposal rate was associated with an increased risk for overt nephropathy (14). These
observations suggest that individuals with type 1 diabetes and superimposed features of insulin
resistance, or “double diabetes,” are at increased risk for microalbuminuria. Additional possible
mediators of the association between central obesity and incident microalbuminuria include
inflammatory proteins as well as circulating hormones that are released by visceral adipose
tissue, such as adiponectin and components of the renin-angiotensin system.

Central obesity is a modifiable risk factor. Weight loss has been associated with a decrease in
AER among obese individuals with overt diabetic nephropathy and among individuals without
diabetes and with severe obesity (29,30). Whether weight gain or weight loss is associated with
change in AER among individuals with diabetes and normoalbuminuria or microalbuminuria
has not been reported.

Creatinine clearance estimates GFR, which reflects excretory kidney function. In cross-section
at DCCT closeout, unadjusted creatinine clearance was associated positively with waist
circumference, reflecting the known relationship between body size and GFR. This association
was nullified (for women) or reversed (for men) when creatinine clearance was adjusted for
BSA, in accordance with standard practice. More important, however, waist circumference
was not associated with rate of decline in creatinine clearance over time in this study, the first
to our knowledge that has examined this relationship in type 1 diabetes. These results contrast
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with observations from the general population, in which central obesity has been associated
with lower estimated GFR and a decline in estimated GFR over time (6,8).

Although variation in creatinine clearance measurements in this study was wide, poor accuracy
and/or precision alone likely is not the sole cause of the lack of an observed association with
waist circumference, because associations of several covariates (age, DCCT treatment group,
smoking status, HbA;, and AER) with change in creatinine clearance were identified. The
slow rate of decline in creatinine clearance, relative to that expected with age alone (31), also
did not prevent observation of associations with these covariates. Alternative explanations
include (1) a time lag between microalbuminuria and decreased GFR that extends beyond the
follow-up period of this study and (2) a true disparity of the effect of central obesity on
microalbuminuria versus GFR.

An effect of central obesity on GFR delayed beyond 8 yr of follow-up is feasible and cannot
be excluded. Because elevated AER was among the strongest determinants of decline in GFR
over time in this study, one reasonably could expect that microalbuminuria that is induced in
part by central obesity eventually would lead to a decline in GFR. However, waist
circumference was not a risk factor for decline in creatinine clearance among participants who
already had elevated AER at DCCT closeout.

Not all individuals with type 1 diabetes and microalbuminuria progress to a significant loss of
GFR, suggesting that these two measures of kidney disease are not inextricably linked (32,
33). Such a dissociation is consistent with the observation that some EDIC study participants
lost GFR with sustained normal AER (34). Moreover, our results are consistent with those that
were observed among patients who had type 2 diabetes and were enrolled in the United
Kingdom Prospective Diabetes Study, in which greater waist circumference was associated
with incident albuminuria (both microalbuminuria and clinical grade albuminuria) but not with
subsequent decreased kidney function (26). Thus, microalbuminuria may reflect diffuse
vascular damage that is related more directly to central obesity than is GFR (35). The
relationships between microalbuminuria and other components of kidney function, including
excretory and synthetic function, merit further investigation, as does the role of central obesity
in these relationships.

Weight gain and central obesity are well-characterized complications of intensive insulin
therapy in type 1 diabetes (5). Previous DCCT and EDIC study analyses have shown clearly
that, on balance, intensive insulin therapy reduces the incidence of microalbuminuria and
clinical grade albuminuria (3,4). Thus, even with the associated weight gain, intensive therapy
still has a beneficial effect on microalbuminuria and clinical grade albuminuria. Results from
this study suggest that weight gain that results from intensive therapy may identify those who
are at increased risk for renal complications, perhaps as a result of an inherited predisposition
to insulin resistance, and may modify the pathways through which renal complications occur
in type 1 diabetes (36).

Results from this study identify preservation of GFR as an additional benefit of intensive insulin
therapy. Compared with those who had received conventional therapy during the DCCT,
individuals who had received intensive therapy had a slower decline in creatinine clearance
over EDIC study follow-up. Similarly, lower HbA1; at DCCT closeout was associated with
relative preservation of creatinine clearance. These observations are consistent with previously
published analyses showing that intensive therapy during the DCCT resulted in a reduced
likelihood of developing a creatinine clearance <70 ml/min per 1.73 m? and a trend toward
greater mean creatinine clearance during EDIC study follow-up (4).

This study has several limitations. First, radiographic quantification of body fat distribution
was not available. Multiple measurements of body size were associated with incident
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microalbuminuria, and because these measurements were highly correlated, we could not
establish conclusively that the relationship of obesity with incident microalbuminuria was
attributable specifically to visceral adipose tissue. Second, the measurement method for
creatinine clearance was not optimal and the duration of follow-up for this outcome may have
been insufficient to detect an association with central obesity. Finally, results from a clinical
trial setting may not generalize to the broader population with type 1 diabetes, who may have
differing levels of self-care, medication adherence, and physical fitness, and findings from this
predominantly white population may not apply to individuals of other race/ethnicity.

Conclusion

Central obesity predicts the subsequent development of microalbuminuria in the EDIC study.
No association between waist circumference and decline in creatinine clearance was observed,
suggesting a possible differential effect of central obesity on these two measures of kidney
disease.
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Figure 1.

Unadjusted cumulative incidence of microalbuminuria by gender-specific quartile of waist
circumference and Diabetes Control and Complications Trial (DCCT) treatment group. m,
conventional insulin therapy; =, intensive insulin therapy.
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Adjusted relative risk for incident microalbuminuria by gender-specific quartile of waist
circumference. Risk is presented relative to that of women in the category of smallest waist
circumference (reference group), adjusted for age, race, duration of diabetes, treatment group,
smoking status, glycosylated hemoglobin, and albumin excretion rate, each measured at DCCT
closeout. Gender-specific waist quartiles are plotted at the mean waist circumference for each

group.
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