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Abstract

Background—To determine whether historic albuminuria measurements provide additional
predictive value for diabetic end-stage renal disease (ESRD) and natural mortality over the most
recent measurement, ie, whether “regression” from high albuminuria has a different prognosis than
stability at the lower level.

Study Design—Observational longitudinal study.

Setting & Participants—Pima Indians 15 years or older with type 2 diabetes and at least 2
consecutive measurements of urinary albumin-creatinine ratio (ACR) within 6 years.

Predictors—Sequential measurements of urinary ACR.

Outcomes & Measurements—Proportional hazards analyses were used to estimate the risk of
ESRD and natural death associated with the first and second ACR measurement. The ability of these
highly correlated variables to predict outcome was compared with receiver operating characteristic
curves calculated by means of the generalized c statistic.

Results—In 983 subjects, 136 developed ESRD and 180 died of natural causes during a maximum
follow-up of 12.6 years. Each doubling in the second ACR was associated with a 1.71-fold greater
incidence of ESRD (95% confidence interval, 1.54 to 1.89) and 1.16-fold greater natural mortality
(95% confidence interval, 1.07 to 1.27) adjusted for age, sex, diabetes duration, and antihypertensive
medication. The addition of the first ACR measurement to the model did not add to the predictive
value for ESRD or mortality. In pairwise comparisons of c statistics, the second ACR was a
significantly better predictor of ESRD than the first ACR.

Limitations—The predictive value of ACR measurements is decreased to the extent that its
precision is based on a single measure.

Conclusion—The predictive power of the latest ACR for ESRD and natural mortality in patients
with diabetes is not enhanced by knowledge of the preceding ACR. Therefore, ACR changes over
time, ie, regression or progression, add minimal predictive value beyond the latest measurement in
the series.
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Increased albuminuria is a marker of glomerular disease and predicts progression to end-stage
renal disease (ESRD) and cardiovascular death. In patients with diabetes, increased
albuminuria frequently regresses, and regression from a high level predicts a better outcome
than no regression.l_ However, whether patients with diabetes who experience regression to
a lower level are at different risk of ESRD and mortality than those who remained at a lower
level is unknown.

In the present study, we determined whether historic measurement of albuminuria in Pima
Indians with type 2 diabetes added to the ability of the most recent measurement to predict
diabetic ESRD and mortality from natural causes.

Members of the Gila River Indian Community participate in a longitudinal study of diabetes
and its complications. Since 1965, each person 5 years or older is invited to a research
examination approximately every 2 years regardless of health. These biennial examinations
include measurements of venous plasma glucose obtained 2 hours after a 75-g oral glucose
load and assessment for the complications of diabetes. Since July 1, 1982, albumin was
measured in urine specimens collected at the end of the 2-hour glucose tolerance test. Albumin
is measured by using a nephelometric immunoassay.7 Values less than 6.8 x 10 g/dL (6.8 x
1073 g/L), the threshold below which albuminuria cannot be detected by the assay, were
assigned the value of 6.8 x 10~# g/dL (6.8 x 103 g/L). Urine creatinine is measured in the
same specimen by using a modification of the Jaffé reaction.8 Albuminuria is defined by
urinary albumin-creatinine ratio (ACR). Diabetes is diagnosed by using World Health
Organization criteria,2 and the date of diagnosis is determined from these research
examinations or review of clinical records if diabetes was diagnosed in the course of routine
medical care. Diabetic ESRD is defined as dialysis attributed to diabetic nephropathy or death
from diabetic nephropathy if dialysis therapy was unavailable or refused and was ascertained
independently of research examinations. Ascertainment of vital status and ESRD was complete
through December 31, 2000.

Causes of death were recorded according to terminology and codes of the International
Classification of Diseases, Ninth Revision. Accuracy and completeness of the underlying cause
of death was determined by review of clinical records, autopsy reports, and death certificates.
Deaths were considered natural if they were caused by disease (International Classification of
Diseases, Ninth Revision codes 001.0 to 799.9).

The study population included subjects who resided in the community at any time from July
1, 1982, through December 31, 2000; attended research examinations when 15 years or older;
and had diabetes. To be eligible, subjects 15 years or older were required to have at least 2
research examinations with ACR measurements at or after the diagnosis of diabetes and within
a 6-year period. In all analyses, the second diabetic examination with an ACR measurement
was considered the “baseline” examination, and individuals were followed up from this point
for the occurrence of death or ESRD.

Statistical Analysis

Characteristics are presented as mean + SD or median and range. Body mass index was defined
as weight divided by the square of height (kilograms per square meter). Mean arterial pressure
was calculated as 2/3 diastolic arterial pressure + 1/3 systolic arterial pressure.

The incidence rate of diabetic ESRD was computed as the number of new cases of ESRD per
1,000 person-years at risk. The period of risk began at the second diabetic examination with
an ACR measurement and ended at the date of ESRD from any cause, death from causes other
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than diabetic nephropathy, or December 31, 2000, whichever came first. The date of ESRD
was the date of initiation of dialysis therapy or the date of death from diabetic nephropathy if
dialysis was refused or not available. Death rates were calculated as the number of subjects
who died per 1,000 person-years of follow-up. The period of risk for the mortality analysis
began at the second diabetic examination with ACR measurement and ended at the date of
death or December 31, 2000, whichever came first. Age- and sex-adjusted incidence rates of
ESRD and mortality were standardized to the 1985 Pima Indian population 15 years or older.

Cox regression models were used to estimate risks of diabetic ESRD and mortality associated
with the first and second ACR measurements adjusted for age, sex, duration of diabetes, and
baseline antihypertensive medication. ACR values are expressed as the logarithm base 2 (log2).
The hazard ratio (HR) for the doubling of ACR reflects the risk ratio for the outcome
corresponding to a 2-fold difference in ACR. In the mortality analysis, sex violated the
proportionality assumptions; therefore, the final model was stratified by this covariate.

ACR measurements were also categorized as normal (ACR < 30 mg/g), microalbuminuria (30
mg/g <ACR < 300 mg/qg), or macroalbuminuria (ACR > 300 mg/g). Unadjusted rate ratios for
diabetic ESRD and mortality relative to persistently normal ACRs were computed from
incidence rates. Subjects who experienced progression to a higher ACR category at the second
measurement were referred to as progressors; those who experienced regression to a lower
ACR category were referred to as regressors. Unadjusted rate ratios and age-, sex-, diabetes
duration—, and antihypertensive medication—-adjusted HRs for ESRD and mortality were
computed for subjects who experienced progression, experienced regression, or remained in
the same ACR category. HRs were computed relative to those with normal ACR at both
examinations.

Because the relevant predictor variables were highly correlated, the ability of these variables
to predict outcome was compared with receiver operating characteristic (ROC) curves. To
adjust for potentially confounding variables and account for variable follow-up time, ROC
curves predicting the probability that an individual would develop ESRD or die were calculated
from Cox regression models that included age, sex, duration of diabetes, antihypertensive
medication, and the relevant predictor variable. The area under the ROC curve and its SE were
calculated for each model by using the generalized c statistic to account for the variable follow-
up time.10 Comparisons between the areas for pairs of variables were assessed according to
the formula of Hanley and McNeil. 11 This method accounts for the correlation that occurs
when ROC curves are derived from correlated variables measured in the same individuals; this
correlation was estimated by using a jacknife procedure.12 Calculations were performed using
a SAS macro with SAS software, version 8 (SAS Institute, Cary, NC).

Characteristics of the study population corresponding to the second ACR measurement are
listed in Table 1. Of 1,622 subjects with diabetes examined during the study period, 983 (331
men, 652 women) met inclusion criteria for this study. During a median follow-up of 8.4 years
(range, 4.3 to 12.6 years), 136 developed diabetic ESRD with an age- and sex-adjusted
incidence rate of 10.80 cases/1,000 person-years (95% confidence interval [CI], 7.42 to 14.08)
and 180 subjects died of natural causes, with an age- and sex-adjusted death rate of 11.76
deaths/1,000 person-years (95% Cl, 8.57 to 14.96). At the first ACR measurement, 601 subjects
had normal values, 270 had microalbuminuria, and 112 had macroalbuminuria (20 with ACR
> 3,000 mg/g; Table 2). Of those with normal ACRs, 76% remained stable and 24%
experienced progression to microalbuminuria or macroalbuminuria by the second ACR
measurement. Of those with microalbuminuria, 57% remained so, 24% experienced regression
to a normal ACR, and 19% experienced progression to macroalbuminuria. The majority of
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subjects with macroalbuminuria remained in this category (85%) at the second ACR
measurement, whereas 15% regressed to microalbuminuria or normoalbuminuria. Of those
with macroalbuminuria of 3,000 mg/g or greater, only 1 person experienced regression to
microalbuminuria. Overall, 23% experienced progression and 8% experienced regression
between the 2 consecutive ACR measurements.

The incidence rate of diabetic ESRD, either unadjusted or adjusted for age, sex, duration of
diabetes, and antihypertensive medication, was greatest in subjects with macroalbuminuria at
the second ACR measurement, intermediate in those with microalbuminuria, and lowest in
those with normoalbuminuria regardless of their first ACR level (Fig 1). The modest
incremental risk associated with past microalbuminuria in the normoalbuminuric group and
past macroalbuminuria in the microalbuminuric group was not statistically significant. Death
rates also were related to the second ACR level; the level of the first ACR had little effect on
this outcome when the second level was considered (Fig 2). The 58 subjects with ACR of 3,000
mg/g or greater (55 with ACR > 3,000 mg/g at the second ACR measurement plus the 3 subjects
with ACR > 3,000 mg/g at the first examination who experienced regression by the time of the
second ACR measurement) were not included in these analyses because of their small numbers
and the rarity of regression at this stage of kidney disease (as discussed). Of subjects with a
first ACR in this range, 16 developed diabetic ESRD during a median follow-up of 1.6 years
(range, 0.4 to 3.3 years), and 12 died of natural causes during a median follow-up of 5.1 years
(range, 3.4 to 7.8 years).

Each doubling of the second ACR value was associated with a 1.71-fold increase in incidence
of ESRD (95% Cl, 1.54 to 1.89) in a Cox regression model adjusted for age, sex, duration of
diabetes, and antihypertensive medication. The natural death rate was 1.16 times as high (95%
Cl, 1.06 to 1.27) when adjusted for the same covariates. After including the first ACR
measurement in the models, no additional information about risk of ESRD or natural mortality
was obtained: HRs for the earlier ACR were 1.02 (95% Cl, 0.92 to 1.13) and 1.01 (95% Cl,
0.92 to 1.12), respectively (Table 3). Additional adjustment for baseline body mass index,
hemoglobin Ay level, and mean arterial pressure had little effect on HRs; the second ACR
remained the better predictor of diabetic ESRD or natural mortality.

Comparing c statistics calculated from the Cox regression models for the first and second ACR
values, the second ACR was the stronger predictor of diabetic ESRD (P = 0.006). Although
the second ACR was also a stronger predictor of natural death, the difference was not
statistically significant (Table 4). The higher correlations for natural mortality probably are
caused by the relatively greater contribution of the covariates other than ACR to the mortality
outcome than to the ESRD outcome.

Associations between baseline ACR and diabetic ESRD or natural mortality were similar in
subjects included in the study and the 567 subjects with a single ACR measurement who were
excluded. In those with a single ACR measure, the HR for diabetic ESRD was 1.7 (95% ClI,
1.5t0 1.9) and the HR for natural mortality was 1.1 (95% ClI, 1.1 to 1.2), suggesting that
exclusion of subjects with only a single ACR had a negligible impact on the outcome.

DISCUSSION

Increased ACR predicts ESRD and natural mortality, and regression of ACR decreases this
risk.3=6 The present study indicates that the magnitude of risk reduction associated with
regression is not determined by the historic level of ACR, but rather by the most recent ACR,
suggesting that subjects with historically high albuminuria who experience regression to lower
levels of albuminuria have similar risks for diabetic ESRD and natural mortality as those who
remain at the lower levels of albuminuria. Similarly, subjects with an ACR that increases
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between the first and second examinations have the same risks of ESRD and natural mortality
as those with the same ACR level, but for whom ACR has not changed from the previous
examination. Although earlier measurements were related to these outcomes, they did not add
to the predictive power when the most recent ACR was considered. Accordingly, the latest
available ACR is the most informative about a patient’s risk of long-term complications of
diabetic nephropathy. Studies of kidney biopsies in Pima Indians with type 2 diabetes showed
that albuminuria was associated virtually exclusively with diabetic glomerulosclerosis.13
Hence, the likelihood that other causes of increased albuminuria were operative is remote. A
study of persons with nondiabetic kidney disease using different methods came to a similar
conclusion, that urine protein excretion during follow-up is a more important predictor of
kidney disease progression than baseline level.14 In keeping with this observation, the current
level of proteinuria, not the level at onset of treatment, should be the basis of antiproteinuric
therapy.

Recent animal studies showed that treatment with renin-angiotensin system inhibitors, in
addition to reducing glomerular sclerosis, may also promote glomerular capillary regeneration.
1516 keeping with these findings, persistent clinical regression of albuminuria may parallel
reversing kidney damage,17'18 setting back the clock on long-term outcomes, with no residual
risk of a given past albuminuria level. Intensive multifactorial treatment reduces the rate of
decline in the glomerular filtration rate in direct proportion to the decrease in proteinuria,
suggesting that clinical improvement may be related to reduction in maladaptive glomerular
changes, such as glomerular hyperfiltration and increased glomerular capillary pressure.19

Studies estimating the impact of past and recent measurements of blood pressure on risk of
cardiovascular disease29:21 indicated that antecedent blood pressure had a better prognostic
value than current measurement. This finding suggested that antecedent measures were better
at quantifying the long-term exposure to atherosclerosis than recent measurements. However,
the same relationship with historic measures may not be true for albuminuria. The regression
of increased albuminuria in a substantial number of patients with diabetesl:2 and the lack of
significant structural abnormalities in kidneys of many persons with type 2 diabetes and
microalbuminuria22-25 suggest that modest increases in albuminuria may occur in response
to functional changes in the kidneys, rather than structural disease. The strikingly positive
relationship between increasing albuminuria and a sieving defect in the glomerular capillary
wall in diabetic Pima Indians occurs only in those with ACR of 3,000 mg/g or greater.26 A
decrease in albuminuria before the onset of structural changes may lead to an immediate
decrease in risk, whereas after the onset of structural disease, a decrease may be less likely.

Serial ACR measures were highly correlated, with a Spearman correlation coefficient of 0.74.
Accordingly, adjusting for the second ACR measure, which can be both a confounder and an
intermediate variable, may have decreased the association between the first ACR and ESRD
or death.27:28 Nonetheless, the intent of the present study was not to assess causality of these
associations, but to show the predictive value of the latest in a series of ACR measurements
for the outcomes of interest.

In the present study, subjects were not screened for urinary tract infections and only a single
urine collection was obtained at each examination for assessment of ACR; therefore, the
predictive value of ACRs decreases to the extent that its precision is based on a single
measurement and its accuracy on whether the subject had a urinary tract infection.

Treatment with renin-angiotensin system inhibitors was introduced in the Pima Indian
community in November 1986, with only limited use until September 1989. Antihypertensive
medicine use related positively to risk of ESRD or death because those using these medicines
more likely had advanced disease and greater comorbidity. To examine further how renin-
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angiotensin system inhibitors might affect the present results, we analyzed separately the subset
of people with both ACR measurements before September 1989 (N = 426), those who had their
first ACR measurement before September 1989 and the second ACR measurement after this
date (N =161), and the 394 subjects with both ACR measurements after September 1989, with
and without adjusting for baseline antihypertensive medication. The predictive value of the
latest ACR measurement remained stronger than that of the first ACR measurement in all
groups, indicating that use of renin-angiotensin system inhibitors had no discernable impact
on conclusions. Antihypertensive medication may also be an intermediate variable on the
pathway between increased albuminuria and the outcomes of interest; therefore, inclusion of
this variable in the regression model may underestimate the effect of ACR on these outcomes.
In the present analysis, adjusting for these medicines had little effect on HRs, in part because
of the low prevalence of antihypertensive treatment at both the first and second ACR
measurement.

In summary, greater ACR predicted diabetic ESRD and natural mortality in Pima Indians with
type 2 diabetes. The incidence of diabetic ESRD was nearly 2 times as high and the death rate
was 1.2 times as high with each 2-fold increment in the latest ACR level. Although past
measurements were related to these outcomes, they did not add to the predictive power when
the current measurement was considered. A low current ACR value was associated with good
prognosis regardless of whether earlier values were higher, the same, or lower. Therefore,
changes in ACR over time, ie, regression or progression, added minimal predictive value
beyond the latest measurement in the series. This finding does not imply that ACR should be
measured less frequently. The opposite applies because the relationship between albuminuria
and ESRD or mortality is a continuum starting below the currently accepted threshold for
microalbuminuria, and treatment should aim to reach and maintain the lowest possible value
of albuminuria. Monitoring ACR in high-risk patients certainly is the appropriate way to
achieve this goal.
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Figure 1.

Unadjusted incidence rate ratio for diabetic end-stage renal disease (ESRD; N = 89 cases)
relative to persistently normal albumin-creatinine ratio (ACR). The table below the figure
comparatively shows hazard ratios for diabetic ESRD according to change in ACR with 95%
confidence intervals adjusted for age, sex, diabetes duration, and antihypertensive medication.
Macroalbuminuria (Macro) was truncated at less than 3,000 mg/g. Sample size for each
category is listed in Table 2. Abbreviations: Normal, normal ACR; Micro, microalbuminuria;
ACR_4, first ACR measurement; ACRg, second ACR measurement. *P < 0.05 compared with
the group with persistently normal ACR.
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Figure 2.

Unadjusted death rate ratio for natural mortality (N = 144 deaths) relative to persistently normal
albumin-creatinine ratio (ACR). The table below the figure comparatively shows hazard ratios
for natural death according to change in ACR with 95% confidence intervals adjusted for age,
sex, diabetes duration, and antihypertensive medication. Macroalbuminuria (Macro) was
truncated at less than 3,000 mg/g. Sample size for each category is listed in Table 2.
Abbreviations: Normal, normal ACR; Micro, microalbuminuria; ACR_4, first ACR
measurement; ACRg, second ACR measurement. *P < 0.05 compared with the group with
persistently normal ACR.
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Clinical and Demographic Characteristics of Subjects With Type 2 Diabetes Who Had at Least 2 ACR

Measurements Within 6 Years

Baseline Characteristic

No. of patients

Men

Women
Age (y) )
Duration of diabetes (y)
Mean arterial pressure (mm Hg)
Hemoglobin A, (%)
ACR_; (mg/g)
ACR, (mg/g)
Time between ACR_; and ACRy (y)
Body mass index (kg/m?)
Serum cholesterol (mg/dL)
Fasting plasma glucose (mg/dL)
Serum creatinine (mg/dL)
Estimated glomerular filtration rate(mL/min/1.73 m?)
Antihypertensive medicines (%)

983
331
652
46.2 +13.5
9.1+74
93.4+13.1
85+25
20.6 (11.0-67.4)
26.5 (12.7-120.9)
2.4 (2.0-3.3)
34.6+8.2
182.9 £40.5
196.4 £ 78.2
08+0.7
1159+ 35.1
22

Note: Values expressed as mean + SD, median (25th to 75th percentiles), number of patients, or percent. Fasting plasma glucose concentration was missing
in 11 subjects, and body mass index was missing in 2 subjects. To convert serum creatinine in mg/dL to zmol/L, multiply by 88.4; serum cholesterol in
mg/dL to mmol/L, multiply by 0.02586; plasma glucose in mg/dL to mmol/L, multiply by 0.05551; glomerular filtration rate in mL/min to mL/s, multiply

by 0.01667.

Abbreviations: ACR(, second ACR measurement; ACR—1, first ACR measurement; ACR, albumin-creatinine ratio.
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