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Abstract

AIMS: To determine among adolescents and young adults with youth-onset type 1 diabetes and 

type 2 diabetes the rates and risk factors for albuminuria regression and progression. The research 

hypothesis was that youth with type 2 diabetes would be more likely to show progression of 

albuminuria.

METHODS: Data from SEARCH, a longitudinal observational study of youth-onset type 1 

diabetes (N=1316) and type 2 diabetes (N=143) were analyzed. Urine albumin:creatinine ratio 

(UACR) was measured from random urine specimens at baseline and follow-up visits (mean 7 

years later). Albuminuria regression was defined as halving of baseline UACR when baseline 

UACR was ≥30μg/mg; progression was defined as doubling of baseline UACR when follow-up 

UACR was ≥30μg/mg, respectively. Multivariable regression assessed risk factors associated with 

low-risk albuminuria category (combined persistently-low albuminuria and regression) versus 

moderate-risk albuminuria category (combined persistently-high albuminuria and progression).

RESULTS: Albuminuria progression was more common in type 2 diabetes versus type 1 diabetes 

(15.4% versus 6.0%, p<0.001). Moderate-risk albuminuria was associated with increasing HbA1c 

(adjusted OR (aOR)=1.3, 95% CI 1.1–1.6) and lack of private health insurance (aOR=2.7, 95%CI 

1.1–6.5) in type 1 diabetes; and African American race (OR=4.6, 95% CI 1.2–14.2), lower 

estimated insulin sensitivity score (aOR=2.1, 95% CI 1.4–3.3), baseline UACR (aOR=3.2, 95% CI 

1.7–5.8), and follow-up estimated glomerular filtration rate (eGFR) (10-unit increase aOR=1.3, 

95% CI 1.0, 1.5) in type 2 diabetes.

CONCLUSIONS: In the first decade of diabetes duration, kidney complications in type 2 

diabetes are significantly more aggressive than in type 1 diabetes and may be associated with less 

modifiable risk factors including race, insulin sensitivity, and eGFR. Interventions are needed even 

at very early stages of disease to reduce the long-term consequences of diabetic kidney disease in 

youth-onset diabetes.
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INTRODUCTION

In 2009, the prevalence of type 1 and type 2 diabetes in youth was 1.93 and 0.46 cases per 

1000 under age 20 years, respectively.1 Incidence rates of both diseases among youth are 

increasing, particularly among minority racial and ethnic groups.2 Youth-onset (less than age 

20 years) diabetes confers a greater lifetime risk for end-stage renal disease than adult-onset 

diabetes in part due to the longer duration of exposure to the diabetic milieu.3 Moreover, 

recent data show that rates of complications are significantly higher among adolescents and 

young adults with type 2 than with type 1 diabetes, especially diabetic kidney disease 
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(DKD).4 Given the rising prevalence of both type 1 and type 2 diabetes, knowledge of how 

untreated albuminuria progresses early in the first decade of disease duration in youth-onset 

diabetes is critical.

In the majority of patients with diabetes, albuminuria is one of the earliest and most common 

markers of kidney disease.5 Over the past decade, it has become apparent that the degree of 

albuminuria is dynamic and regresses more often that it progresses, with rates of 40–60% 

regressing versus 20–30% progressing.6–9 Stable high albuminuria, as defined by albumin 

excretion rate exceeding 30 mg/day, increases the risk for progressive decline in estimated 

glomerular filtration rate (eGFR) and cardiovascular events10 and there is a known linear 

relationship between the magnitude of albuminuria and the risk for renal and cardivascular 

events and death.10,11 Regression of albuminuria may signify a lower risk for decline in 

eGFR, though it is not clear if this holds true for the risk of subsequent cardiovascular 

events.8,10,12

The shift to a natural history of albuminuria in which regression is more common than 

progression may be due to changes in clinical practice patterns over the last 20years.7 In 

studies of adults, regression of albuminuria is more frequent with improvements in 

hemoglobin A1c (HbA1c), blood pressure and triglycerides, as well as with the use of renin 

angiotensin aldosterone (RAAS) inhibitors.8,13 Other demographic predictors of regression 

versus progression have been debated, including differences by sex, which has been 

controversial.6,14,15

Data are limited regarding rates of albuminuria regression and progression in youth-onset 

diabetes. Adult studies carry limited generalizability to adolescents and young adults with 

diabetes, as younger patients are infrequently treated with RAAS blockade and they tend to 

experience more erratic glycemic control, especially during adolescence and young 

adulthood. Our primary goals for this study were: (1) to use longitudinal data to compare 

albuminuria regression and progression in individuals with youth-onset type 1 or type 2 

diabetes and (2) to identify factors for worse albuminuria outcomes within each diabetes 

type. We used a novel approach to define albuminuria progression and regression that 

incorporates the magnitude of change in UACR in addition to crossing the threshold for 

moderate-risk microalbuminuria. The research hypothesis was that progression of 

albuminuria would be more common among youth with type 2 diabetes compared to youth 

with type 1 diabetes.1

1. SUBJECTS, MATERIALS, AND METHODS

2.1. Study population

Youth with diabetes diagnosed <20 years of age were identified from a population-based 

incidence registry at five U.S. sites by the SEARCH for Diabetes in Youth Study: South 

Carolina, Ohio, Colorado, Washington, and California.16 Cases 6 were newly diagnosed 

with type 1 diabetes or type 2 diabetes in 2002–2006 or 2008 and were identified from 

ongoing surveillance networks of hospitals and health care providers. Cases who could be 

contacted were recruited for a baseline visit (mean of 9.0±6.3 months from diagnosis for 

type 1 diabetes and 10.7±7.3 months from diagnosis for type 2 diabetes), and if completed, 
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asked to return for visits at 12, 24, and 60 months post-baseline to measure risk factors for 

diabetes complications (Figure 1, Panel A). A subset of participants who had at least five 

years of diabetes duration, aged 10 years and older, were recruited from 2012–2015 for a 

follow-up visit.

Diabetes type was defined using an etiological classification17,18 based on one or more 

positive diabetes autoantibodies and estimated insulin sensitivity score (euglycemic clamp-

validated equation including waist circumference, HbA1c and triglyceride levels) at the 

baseline visit.17 Inclusion criteria for these analyses consisted of participants with type 1 or 

type 2 diabetes17,18 with a urine albumin:creatinine ratio (UACR) measure available at the 

baseline and follow-up visits. Of the 2,297 adolescents and young adults classified as 

etiologic type 1 or type 2 diabetes defined by autoantibody status 1,587 had UACR available 

at both baseline and follow-up visits. Individuals with a UACR > 1000 mg/gm (n=10) were 

excluded to remove those with albuminuria due to potential for causes other than DKD. In 

addition, individuals taking angiotensin converting enzyme inhibitors (ACEI) or angiotensin 

receptor blockers (ARB) (n=118) at either timepoint were excluded to facilitate the study of 

the natural history of untreated albuminuria in diabetes. Baseline characteristics and 

albuminuria outcomes of these 118 participants treated with ACEIs or ARBs are in 

Supplemental Table S1. The final study sample included 1,459 individuals with diabetes: 

1,316 with type 1 diabetes and 143 with type 2 diabetes (Figure 1, Panel B). The study was 

approved by Institutional Review Boards with jurisdiction and appropriate consent and 

assent were obtained for all visits.

2.2. Clinical and Laboratory measures

Trained study personnel administered questionnaires, made measurements and obtained 

blood samples. Race/ethnicity, sex, education and income were self-reported. Body mass 

index (BMI) was defined as weight (kilograms) divided by height (meters2) and converted to 

a Z score (BMI-Z).19 Waist circumference used the National Health and Nutrition 

Examination Survey protocol and was used to calculate waist to height ratio.20 The mean of 

3 systolic and diastolic blood pressure levels was obtained using an aneroid manometer after 

at least 5 minutes of rest. A blood draw occurred after an 8 hour overnight fast, and 

medications, including short-acting insulin, were withheld the morning of the visit. Health 

insurance and smoking status were obtained from self-report at the baseline and follow-up 

visit.

Blood and urine samples were obtained under conditions of metabolic stability, defined as 

no episodes of diabetic ketoacidosis in the preceding month and the absence of fever and 

acute infections. Random urine specimens were collected (usually in the morning) after an 

overnight fast and was not collected from girls who were menstruating or in the setting of 

active treatment for a urinary tract infection. Urine albumin and creatinine were measured as 

previously described.21 Blood was processed, and fresh plasma, serum and urine samples 

were shipped on cold packs by overnight courier to the study central laboratory where 

analysis of GAD-65 antibodies, insulinoma-associated-2 antibodies, Zinc-T8 autoantibodies, 

cholesterol, triglycerides and HbA1c was performed as previously described.22,23 The 

Bouvet equation was used to calculate estimated glomerular filtration rate (eGFR) at the 
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follow-up visit. The Bouvet equation is represented by the following: eGFR (ml/min) = 63.2 

× ([plasma creatinine (μmol/L)]/96)−0.35 × ([serum cystatin C (mg/L)]/1.2)−0.56 × 

(weight/45)0.30 × (age/14)0.40.24 The Bouvet equation was selected to calculate eGFR given 

its greater accuracy for capturing hyperfiltration, an important physiologic factor in 

albuminuria.25

1.3. Outcome Measures:

Albuminuria was defined as a UACR measurement ≥ 30μg/mg.26,27 Using longitudinal data, 

four categories were defined based on baseline and follow-up visit UACR measures (Figure 

2): persistently low albuminuria, persistently high albuminuria and albuminuria regression 

and progression. To reflect the continuous nature of UACR and to capture temporal changes 

in UACR even when remaining in the high albuminuria category, individuals in the 

‘progression’ group showed a follow-up UACR visit that was 200% or more (i.e. double) 

than the baseline visit UACR, when the follow-up visit UACR was ≥30ug/mg. Individuals in 

the ‘regression’ group showed a follow-up visit UACR that was 50% or less (i.e. half) than 

the baseline visit UACR,, when the baseline visit UACR was ≥30ug/mg. Individuals who 

maintained a UACR ≥30ug/mg at both visits or crossed the threshold value of 

UACR=30ug/mg but did not meet the requirements for doubling or halving were categorized 

as ‘persistently high albuminuria’. Individuals with UACR <30ug/mg at both visits 

comprised the ‘persistently low albuminuria’ group. Our choice to classify outcomes in this 

manner allows us to uniquely capture youth with albuminuria at baseline who had continued 

worsening of albuminuria, a critical group to study given vulnerability to complications.

There were relatively few individuals with either albuminuria progression or regression. To 

facilitate the identification of risk factors across diabetes types, we combined longitudinal 

categories into two composite categories: moderate-risk albuminuria (persistently high 

albuminuria and progression) versus low-risk albuminuria (persistently low albuminuria and 

regression).

1.4. Statistical Analyses

Analyses used SAS version 9.4, (Cary, NC, USA). All analyses used a two-sided p-value of 

0.05 as statistically significant and were not adjusted for multiple comparisons. 

Sociodemographic and clinical characteristics of the moderate-risk albuminuria group were 

compared with low-risk albuminuria group using chi-square and t-tests. For continuous 

measures presenting the median and interquartile range (IQR), the p-values are from t-tests 

using the log-transformed variable. For predictors with measurements available from 

multiple visits, a single ‘time-varying’ value was calculated using area-under-the-curve 

(AUC).28

Univariable and multivariable regression analyses assessed the relationship between risk 

factors and membership in the moderate-risk versus low-risk albuminuria group. 

Successively complex models were built based upon relative significance in univariate 

models (stratified diabetes type) and clinical relevance. In analyses of type 1 diabetes, 

models were sequentially adjusted for non-modifiable characteristics: age at diagnosis, 

diabetes duration, sex, race; modifiable clinical characteristics: HbA1c (AUC), BMI-Z 
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(AUC), triglycerides (AUC), eGFR at follow-up; and modifiable social characteristics: 

follow-up smoking status, follow-up health insurance status. We opted to model eGFR using 

just the follow-up visit to account for the impact of hyperfiltration on albuminuria status at 

that time point. The final model was further adjusted for baseline UACR measure and eGFR 

at follow-up. Due to a smaller sample size, analyses of type 2 diabetes necessitated fewer 

covariates in any given model. In analyses of type 2 diabetes, the final model was adjusted 

for non-modifiable characteristics: age at diagnosis, diabetes duration, sex, race; modifiable 

clinical characteristics: insulin sensitivity score (AUC), eGFR at follow-up; and baseline 

UACR measure. The insulin sensitivity score was utilized only in analyses of the type 2 

diabetes group due to previous work underscoring its strong association in type 2 but not 

type 1 diabetes.21,29

2. RESULTS

3.1. Study participants and characteristics

There were 1,316 individuals with type 1 diabetes and 143 with type 2 diabetes for this 

analysis. Sociodemographic and clinical characteristics of participants, stratified by diabetes 

type and albuminuria risk status, are displayed in Table 1. The mean time between visits was 

approximately 7±2 years across all groups. UACR levels stratified by diabetes type at both 

baseline and follow-up visits are shown in Supplementary Table S2.

3.2. Prevalence of albuminuria, progression, and regression

The prevalence of albuminuria at the baseline and follow-up visits was 7.8% and 7.1%, 

respectively for individuals with type 1 diabetes (mean baseline age = 10.5±4.0, mean 

follow-up age 17.5±4.3) and 9.1% and 18.2%, respectively, for individuals with type 2 

diabetes (mean baseline age = 15.0±2.7, mean follow-up age 22.1±3.3, data not shown).

Figure 3 depicts the progression and regression of albuminuria at the follow-up visit for each 

diabetes type. Among all individuals with youth-onset diabetes, regardless of albuminuria at 

baseline, progression of albuminuria occurred in 7.0% of participants with type 1 and 19.6% 

with type 2 diabetes (p<0.001). Regression of albuminuria occurred in 7.8% of participants 

with type 1 and 4.5% with type 2 diabetes (p=0.13).

3.3. Factors associated with moderate-risk albuminuria

Results of the regression analyses are depicted in Tables 2a (type 1 diabetes) and 2b (type 2 

diabetes). In the fully adjusted regression model for participants with type 1 diabetes, 

independent risk factors for membership in the moderate-risk albuminuria group were higher 

time-varying HbA1c (adjusted OR (aOR)=1.3, 95% CI 1.1–1.6) and lack of health insurance 

(aOR=2.7, 95% CI 1.1–6.5). Although African American race was significantly associated 

with moderate-risk albuminuria in the unadjusted model, this association was attenuated in 

the fully adjusted model with the addition of HbA1c, triglycerides, and health insurance 

status. In the fully adjusted model for type 2 diabetes, independent risk factors for 

membership in the moderate-risk albuminuria group included African American race 

compared to all others (aOR=4.6, 95% CI 1.2–14.2), time varying insulin sensitivity score 

(for every 1-unit decrease aOR=2.1, 95% CI 1.4–3.3), baseline UACR (aOR=3.2, 95% CI 
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1.7–5.8), and eGFR at the follow-up visit (for every 10-unit increase aOR=1.3, 95% CI 1.0, 

1.5).

3. DISCUSSION

In this large, diverse study of adolescents and young adults with new onset diabetes, we 

found a low proportion of albuminuria progression or stable high albuminuria and a very 

high proportion of regression or stable low albuminuria over the first decade of disease. We 

also found higher regression and lower progression proportions among adolescents and 

young adults with type 1 diabetes as compared to type 2 diabetes. The prevalence of 

albuminuria in adolescents and young adults with type 1 diabetes has been previously cited 

as 4% at 5 years duration and 26% at 10 years.30,31 In the TODAY Study, a clinical trial of 

metformin versus lifestyle modification for type 2 diabetes, participants had a prevalence of 

albuminuria of 6% at baseline (<1 year diabetes duration) and 16% 4-years later.32 The 

SEARCH study previously reported the prevalence of albuminuria to be 9.2% in type 1 

diabetes and 22.2% in type 2 diabetes at a mean of 3.7 years (IQR 0.5–5.7) and 1.9 years 

(IQR 0.4–3.2) following diabetes diagnosis, respectively.33

Participants with type 2 diabetes were more likely than those with type 1 diabetes to be 

classified as moderate-risk abuminuria over the seven-year period, suggesting that the 

natural history of kidney disease is more aggressive in type 2 diabetes. This finding is 

consistent with previous work in the SEARCH cohort1. In the present study, adolescents and 

young adults with type 2 diabetes were older, more often African American and without 

health insurance as compared to participants with type 1 diabetes. Type 2 diabetes 

participants also had worse clinical risk factors including higher BMI z-score, systolic blood 

pressure z-score and triglycerides across study visits, consistent with recent literature.4 It 

may be that the increased risk of albuminuria progression in type 2 diabetes is related to 

cardiometabolic risk factors more commonly associated with type 2 versus type 1 diabetes, 

such as obesity and hyperlipidemia.

Among adolescents and young adults with type 1 diabetes in the SEARCH follow-up visit, 

the prevalence of albuminuria after a mean of 7±2 years was 6.8%, which is fairly consistent 

with conservative estimates of 4–6% from other recent pediatric follow-up studies of 

comparable diabetes duration, including the Type 1 Diabetes Exchange Study.31 The 

incidence of moderate-risk albuminuria was lower than the rate of 26% reported in the 

Oxford Regional Prospective Study 20 years prior30 and may reflect an improved outlook 

for type 1 diabetes due to improvements in clinical care.

We report the proportion of regression among type 1 diabetic participants with albuminuria 

at baseline to be 86.2% in type 1 diabetes, which slightly exceeds the regression of 79% over 

13 years reported from smaller studies of children and adolescents with type 1 diabetes with 

persistently elevated UACR.34 Our results are markedly higher, however, than in adult 

populations with type 1 diabetes in whom regression rates range 50–60% over 

approximately six to seven years.8,9 The higher proportion of regression in our study of 

adolescents and young adults versus adult studies is likely attributable to the younger age 

range and therefore shorter disease duration, where regression may be more common in 

Kahkoska et al. Page 7

J Diabetes Complications. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



early onset disease. Finally, the use of random urine samples could have contributed to this 

high proportion of regression, as transient orthostatic proteinuria is common in adolescents 

and young adults.35

In this study, 5.1% of adolescents and young adults with type 1 and type 2 diabetes were 

taking ACEIs or ARB medications, consistent with the estimated 4.4% of youth and young 

adults <20 years in the type 1 diabetes Exchange clinic registry.31 These data suggest that 

few youth with diabetes are currenty treated with antihypertensive medications despite 

markers of early kidney disease.

Data from observational studies of youth with type 2 diabetes are limited. The prevalence of 

albuminuria among adolescents and young adults with type 2 diabetes at the baseline (9%) 

and follow-up visit visits (18%) were consistent with previous findings from the TODAY 

study.32 The prevalence of albuminuria at the follow-up visit (18%) was consistent with 

estimates of 18.5% reported in Pima Indian youth aged 5 to 19 years36 and lower than the 

27% of youth with albuminuria at diagnosis reported from the Manitoba Centre for Health 

Policy.3 The proportion of regression among adolescents and young adults with albuminuria 

at baseline exceeded estimates of 28–30% from studies of older adults with type 2 diabetes.
13 Aside from the older age ranges (mean age 55–61), individuals in these studies also had 

longer diabetes duration at baseline, ranging from just under 6 years13 to 17–28 years. In 

addition, previous study participants were predominantly male, had longstanding 

hypertension, and had preexisting cardiovascular disease, likely indicating a somewhat 

different pathophysiologic mechanism for albuminuria.13

We also report factors associated with membership in the moderate-risk albuminuria groups 

versus low-risk albuminuria groups in type 1 and type 2 diabetes. Factors that were not 

significantly associated with membership in the moderate-risk albuminuria group in both 

diabetes types included sex, blood pressure, and diabetes duration. Whereas previous studies 

of type 1 diabetes have found higher progression and lower remission rates in men versus 

women,14 we did not find any significant effect of sex. In addition, in contrast to adult 

studies, systolic blood pressure z-score was not significant, though this may be due to the 

low prevalence of hypertension in our follow-up. We excluded 118 participants on RAAS 

blockers at either time point to avoid confounding by use of these medications, and this may 

have impacted our results. Counter to previous studies, we found no significant association 

with diabetes duration9 likely due to the relatively short diabetes duration and study design 

which limited differences in duration only by 5–6 years.8,9

Glycemic control was, as expected, a significant predictor of membership in the moderate-

risk albuminuria group in analyses of both types of diabetes. This is consistent with previous 

cohort visit studies implicating both baseline HbA1c9,37 and rise in HbA1c over time13,38 as 

important predictors of albuminuria. The magnitude of the effect of HbA1c was similar in 

multivariable analyses of both diabetes types (aOR=1.4). Given the relatively broad 

distribution of HbA1c levels, one might expect a stronger impact of glycemic control on 

albuminuria. Previous follow-up studies, however, corroborate our findings that a change in 

HbA1c of 1% yields an increased risk for albuminuria of 10–40%.14,30
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The albuminuria risk groups in type 1 diabetes was also uniquely associated with lack of 

health insurance, a proxy for low socioeconomic status and lack of access to healthcare. 

Adolescents and young adults with type 1 diabetes who were uninsured were also older 

(mean age 21.4±3.0) than those with health insurance (mean age 17.4±4.3). While other 

studies have shown that the socioeconomic background of people with type 1 diabetes 

influences the risk of developing end-stage renal disease,39 the present findings suggest that 

lack of access to care is associated with health outcomes even at the earliest stages of DKD, 

a point at which the disease is still reversible. Although health insurance status was not 

significant in participants with type 2 diabetes, a greater proportion of these adolescents and 

young adults did not have health insurance as compared to participants with type 1 diabetes, 

which could explain this difference.

Decreasing insulin sensitivity was strongly associated with the albuminuria risk groups in 

type 2 diabetes. This is consistent with our previous studies which examined insulin 

sensitivity and baseline UACR in SEARCH, finding a strong, inverse association between 

insulin sensitivity score and UACR.21 Differences between our findings and recent reports40 

may be explained by differences in insulin sensitivity estimation, however, our estimating 

equation has been previously validated.17Although time varying insulin sensitivity was 

significant in sensitivity analyses of type 1 diabetes, the strength of the association between 

insulin sensitivity score and albuminuria progression was stronger in type 2 participants 

(OR=2.0 versus OR=1.3).

Diabetic kidney disease is more prevalent and aggressive in people of African American 

heritage.41 The effect of race differed in the two strata for diabetes type. While African 

American race was significant in the unadjusted analyses in type 1 diabetes, it appears this 

was predominantly due to confounding from glycemic control and health insurance status. In 

contrast, African American race was not significant in the unadjusted analyses in type 2 

diabetes but became significant once we adjusted for baseline UACR (albeit with wide 

confidence intervals). Sensitivity analyses adjusting for HbA1c did not change this effect. It 

is possible that the effect of baseline UACR on the association between race and albuminuria 

could be due to genetic factors and warrants further investigation. Data on known kidney 

risk variants such as Apolipoprotein L1 gene (APOL1) may help to identify both diabetes- 

and non-diabetes specific pathways that may mediate the association of race and kidney 

outcomes that were seen at all time points.42,43

Finally, eGFR at follow-up was significantly associated with membership in the moderate-

risk albuminuria group among youth with type 2 diabetes, but not youth with type 1 

diabetes. This may be due, in part, to the greater proportion of youth with type 2 diabetes 

having an eGFR in the hyperfiltration range, as hyperfiltration can result in increased 

albuminuria even among those without diabetes.44 Moreover, while the mechanisms of 

albuminuria and change in eGFR likely have some overlap, the current thought is that they 

are more distinct than similar.45–47 This notion is supported by the rising prevalence of 

normoalbuminuric chronic kidney disease (ie. eGFR < 60 and UACR >=30), and decreasing 

prevalence of UACR >30.5
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Finally, there was an inverse relationship between smoking and albuminuria progression in 

unadjusted models of adolescents and young adults with type 2 diabetes. The reasons for this 

reverse epidemiology of smoking is not clear and conflicts with previous reports of the 

association between less favorable cardiometabolic risk profile and smoking status in 

adolescents and young adults.48 Future research is needed to substantiate these findings.

Our study does have some limitations. GFR was estimated rather than measured, though we 

used both creatinine and cystatin C, increasing the accuracy of estimation.24 We also used 

eGFRBouvet because it is most accurate in the hyperfiltration range, an important factor to 

capture when assessing the impact of eGFR on albuminuria.25 A limitation of this method of 

estimation, however, is that the equation includes weight, and has not been validated in 

overweight or obesity, which are quite prevalent in youth and young adults with type 2 

diabetes. UACR was measured by a single random urine sample, which may result in false 

positives due to either day-to-day variability in UACR or orthostatic proteinuria. Data have 

shown the UACR can vary by as much as 40%.49,50 which is partly why we chose to restrict 

the definitions of progression and regression according to magnitude of change. Despite this 

effort, the use of a single UACR measurement at each time point carries the risk that these 

day-to-day variations in UACR misrepresent longitudinal patterns of change. It should also 

be noted, however, that isolated, random urine samples are used for albuminuria screening in 

the vast majority of clinical settings, lending generalizability of our results.

Our findings represent outcomes for adolescents and young adults who are not treated with 

RAAS blockers and thus may not apply to those who are on medication; however, this was 

by intention to facilitate the study of “natural history” of the disease, rather than the 

progression among those treated. The small number of youth who regressed and progressed 

necessitated combining these groups with the larger groups of moderate-risk and low-risk 

albuminuria groups, respectively, for regression analyses, prohibiting study of true 

regression and progression. Youth with a UACR > 1000 mg/gm (n=10) were excluded to 

remove participants with albuminuria from causes other than DKD, which may have in 

inadvertently excluded a few very high-risk participants with DKD alone. The smaller size 

of the group with type 2 diabetes and difference in final models prohibited comparison 

between type 1 and type 2 diabetes. While the type 2 diabetes group was much smaller, our 

findings offer valuable insights into this understudied population. There was a long interval 

between assessments of UACR, and while there were interim visits in some individuals, 

there were very few urine samples collected at these visits; hence, we chose to use the 

covariate data from these interim visits, but not the UACR values. The long follow-up time 

allows us to evaluate the natural history of diabetes over a prolonged period of time.

Our study has several strengths. The SEARCH for Diabetes in Youth Study is a large, 

longitudinal study representing multi-ethnic individuals with youth-onset diabetes in the 

U.S. Longitudinal data facilitated the study of progression and regression over the first 

decade following diagnosis, including change in risk factors over time. Few studies have 

examined the natural history of early kidney disease in adolescents and young adults with 

both type 1 and type 2 diabetes, underscoring the importance of our findings. This report 

contributes to the data on differential risk of complications in youth with type 1 versus type 

2 diabetes.
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4. CONCLUSIONS

In summary, we compared the incidence of albuminuria progression and regression in 

adolescents and young adults with type 1 and type 2 diabetes over a mean of 7 years and 

elucidated factors associated with these changes. Our findings suggest that even in the first 

decade of diabetes duration, kidney complications in type 2 diabetes are significantly more 

aggressive than in type 1 diabetes. Risk factors for membership in the moderate-risk 

albuminuria group versus low-risk albuminuria group are distinct between diabetes types, 

where type 2 diabetes is more strongly associated with African American race, baseline 

albuminuria, insulin sensitivity, and eGFR at follow-up. Moreover, treatment with 

antihypertensive medications remains infrequent, even among adolescents and young adults 

with elevated UACR. Interventions at a very early stage of disease may help to reduce the 

long-term consequences of diabetic kidney disease in this growing population of youth-onset 

diabetes.
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Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS:

(ACEi) Angiotensin converting enzyme inhibitor

(ARB) Angiotensin receptor blocker

(DKD) Diabetic kidney disease

(IQR) Interquartile range

(UACR) Urine albumin creatinine ratio

(eGFR) Estimated glomerular filtration rate
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Highlights

• Little is known about the early natural history and associated risk factors of 

albuminuria in young adults and adolescents with youth onset type 1 and type 

2 diabetes.

• We found that albuminuria progression is more common and regression less 

common in youth onset type 2 versus type 1 diabetes.

• Risk factors for moderate versus low risk albuminuria differ between youth 

onset type 1 versus type 2 diabetes. Specifically, the risk factors for moderate 

risk albuminuria are more modifiable in youth onset type 1 than type 2 

diabetes.

• Our findings provide further evidence for intensified glycemic control in all 

youth onset diabetes and focus on lifestyle changes and treatments for 

improved insulin sensitivity in youth onset type 2 diabetes.
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Figure 1: Study Design and Sample Recruitment.
Panel A: Study design of the SEARCH Cohort Study. Panel B: Flow chart depicting 

participants in this report, including reasons for exclusion. The final sample included 1,316 

youth with type 1 diabetes and 143 youth with type 2 daibetes.

Kahkoska et al. Page 16

J Diabetes Complications. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Schematic of classification of changes of albuminuria over a mean of 7 years from the 
baseline to follow-up visits in the SEARCH for Diabetes in Youth Cohort Study.
Abbreviations: UACR=urine albumin:creatinine ratio.
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Figure 3: Progression and Regression of Albuminuria in Youth with Diabetes, Stratified by 
Etiologic Diabetes Type.
Outcomes were classified based on Urine Albumin-to-Creatinine Ratio (UACR) measures at 

baseline and follow-up visits. Albuminuria progression was defined as doubling of baseline 

UACR if the follow-up UACR was ≥30 μg/mg. Albuminuria regression was defined by 

halving of baseline UACR if baseline UACR was ≥30 μg/mg. Those that maintained a 

UACR≥30ug/mg at both visits or crossed the threshold value of UACR=30ug/mg but did not 

meet the requirements for doubling or ha;ving, were categorized as ‘persistently high 

albuminuria’. Those with UACR <30ug/mg at both visits comprised the ‘persistently low 

albuminuria’ group.
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