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Abstract

In a cohort of 1817 children with type 1 diabetes (T1D), short-term hyperglycemia was associated
with transient alouminuria (11 % during new-onset T1D without diabetic ketoacidosis (DKA), 12
% during/after DKA, 6 % during routine screening). Our findings have implications regarding
future risk of diabetic kidney disease and further investigation is needed.
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1. Introduction

Microalbuminuria is the earliest manifestation of kidney dysfunction in people with
diabetes and a key risk factor for progression to diabetic kidney disease (DKD). Although
chronically elevated hemoglobin Alc (HbAlc) is known to increase long-term risk of
microalbuminuria,! acute changes in glomerular function resulting from exposure to
short-term severe hyperglycemia have not been documented. We recently identified an
association between acute kidney injury during episodes of diabetic ketoacidosis (DKA)
and development of microalbuminuria in children with type 1 diabetes (T1D).2 Within this
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cohort, we observed high frequency of transiently elevated urine albumin-to-creatinine ratios
(UACR) after episodes of DKA. In this analysis, we aimed to characterize the association
between states of short-term severe hyperglycemia and transiently elevated uACR.

2. Material and methods

We performed a retrospective analysis of longitudinal UACR data from children with T1D at
Children’s Hospital of Philadelphia (CHOP). We included data from patients with T1D who
were < 18 years old at the time of diagnosis; had =1-year follow-up after T1D diagnosis;
and had =1 uACR measurement. All available uUACR values were recorded up to the time of
initiation of treatment for albuminuria, if applicable. The study was approved by the CHOP
institutional review board.

The timing of UACR measurement was determined in relation to the date of T1D diagnosis
and DKA episodes and classified as 1) new onset T1D if the date of measurement was
within seven days of T1D diagnosis; 2) DKA if the date of measurement was within seven
days of a DKA episode; and 3) routine screening if the measurement was neither shortly
after TID diagnosis T1D nor during/after a DKA episode. The 7-day cutoff was chosen to
encompass the typical duration of hospitalization for new onset T1D or DKA (<7 days),
during which time the UACR measurements were obtained. Mean hemoglobin Alc (HbAlc)
levels for each patient were calculated as the average of all HbAlc measurements since
diagnosis.

UACR values were categorized following the recommendations of the 2022 Kidney Disease
Improving Global Outcomes guidelines for chronic kidney disease.3 Values of uUACR <30
mg/g were categorized as normal/mildly increased (Al); moderately increased 30-300 mg/g
(A2 - previously referred to as microalbuminuria); and severely increased >300 mg/g

(A3 - previously macroalbuminuria).3 Abnormal UACR measurements for each patient
were further classified as transiently abnormal, persistently abnormal, or unconfirmed (no
subsequent UACR to confirm the previous value). Abnormal A2 or A3 albuminuria values
followed by an Al albuminuria value were classified as transiently abnormal if these
measurements occurred within 90 days. Albuminuria was classified as persistently abnormal
if there were two abnormal values that were >90 days apart. Transiently abnormal uACR
was the primary outcome of interest.

Descriptive statistics were computed using chi-square tests to compare characteristics
between patients who never had an abnormal uUACR measurement with those who had
>labnormal uACR measurement, and to compare patient characteristics across UACR
categories. To examine associations between the setting of sample collection (at new onset
of T1D, during/shortly after DKA, routine outpatient screening) and risk of transiently
abnormal UACR, we performed mixed logistic regression with clustering to account for
repeated measurements from the same individuals. Age, sex, diabetes duration, and setting
of the measurement were included as covariates in these models. Samples with unconfirmed
albuminuria were excluded from the main analysis, however, we conducted a sensitivity
analysis including these samples. All data analyses were performed using STATA software
version 16.1 (StataCorp, LLC, College Station TX).
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3. Results

1817 patients were included with mean age at T1D diagnosis of 9.7 £ 4.2 years and mean
follow-up time of 3 years £3 years (Table 1). Most patients were male (56 %) and non-
Hispanic White (71 %). Mean HbAlc since T1D diagnosis was 8.1 % + 1.4 %. Compared
to patients who never had abnormal uUACR measurements, patients with =1 abnormal uACR
measurement had higher HbAlc levels and were more likely to be female (Table 1).

7258 uACR measurements were collected with most values obtained during routine
screening (Table 2). More abnormal uACR measurements were obtained during new onset
T1D (11 % transiently abnormal, 2 % persistently abnormal) and DKA (12 % transiently
abnormal, 4 % persistently abnormal) compared to those obtained during routine screening
(6 % transiently abnormal, 3 % persistently abnormal). The majority of the abnormal
measurements were in the moderately increased A2 albuminuria range. We observed
differences in likelihood of having transient albuminuria (percent of samples from patients
in each racial/ethnic group: Asian 6.5 %, Black 4.3 %, Hispanic 7.6 %, Non-Hispanic
White 7.4 %, and Other/Multi-Racial 6.7 %) and persistent albuminuria (Asian 0 %, Black
4.6 %, Hispanic 3.8 %, Non-Hispanic White 3.2 %, and Other/Multi-Racial 1 %) among
measurements from children of different racial/ethnic groups.

In multivariable analyses, the odds of having transiently abnormal uACR was higher in
girls vs. boys (OR 1.44, 95 % CI 1.17-1.78) and when uACR measurements were obtained
during/after DKA (OR 2.15, 95 % CI 1.50-3.07) compared to routine screening (Table

3). The odds of transient albuminuria were lower with every 1-year increase in age at
measurement (OR 0.98, 95 % CI 0.95-1.00). Results were similar in sensitivity analyses
when we included unconfirmed albuminuria in the transiently abnormal uACR group.

4. Discussion

Compared with children undergoing routine screening for albuminuria, children with DKA
had higher odds of having transient albuminuria that normalized within 90 days. Female sex
and younger age were also associated with a higher frequency of transient alouminuria.

While albuminuria is a key risk factor for development of diabetic kidney disease, regression
of moderately increased UACR in patients with diabetes is not uncommon.*-8 50-60 %

of adults with T1D who had moderate (A2) albuminuria at baseline were observed to

have regression to normoalbuminuria during 7 years of follow-up.5® Similarly, in children,
the Oxford regional prospective study found that children with T1D who had albuminuria
had high rates (51 %) of regression to normal/mildly increased (A1) albuminuria after 5
years.” An even higher proportion (86.2 %) of regression of albuminuria was observed
among children and adolescents with T1D after 7 years of follow up in the TI1D SEARCH
study.8 In these studies, only 5-12 % of the children and adolescents who had regression

of albuminuria were started on treatment with angiotensin converting enzyme inhibitors.
None of those studies specifically evaluated the frequency of albuminuria following episodes
of short-term severe hyperglycemia. In our study, the frequency of transient albuminuria
detected during/shortly after DKA was double that of transient albuminuria identified
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during routine screening (Table 2). A similar incidence of transient albuminuria was also
observed at new onset T1D without DKA, although these findings did not achieve statistical
significance.

The association between DKA episodes and albuminuria has been previously observed in

a small cohort of nine children,® however, that study did not include comparison data from
children undergoing routine albuminuria screening. Our study verifies these findings in a
much larger pediatric cohort, using comparisons among groups defined by screening setting,
and with a longer follow-up period. Tubular dysfunction has been identified during episodes
of DKA0.11 and among patients with poor glycemic control.12 Our findings suggest that
this tubular dysfunction may be associated with transient albuminuria in some patients.
Whether transient episodes of albuminuria are markers of irreversible kidney injury and
greater long-term risk of DKD is unclear. Subsets of patients with type 1 and type 2
diabetes have been found to have histological evidence of DKD prior to development of
albuminuria, suggesting that kidney injury may be present even in the absence of persistent
albuminuria.13

Our finding that transient albuminuria was more common in girls than boys aligns with
findings from other observational studies reporting higher rates of albuminuria among
women.”14 Women may be more likely to have elevated uACR values due to lower urine
creatinine excretion and differences in muscle mass.® While older age and longer duration
of diabetes are associated with persistent albuminuria,’1416 they were not found to be
associated with transient albuminuria in our study.

Our study does have limitations due to the retrospective design. Markers of inflammation are
not typically measured in children with T1D and therefore were not available in the medical
records. It is unclear whether some patients in the cohort may have had inflammation not
related to DKA (e.g., systemic infection or urinary tract infection), severe hypertension,
orthostatic proteinuria, or other confounders that could contribute to transient albuminuria at
the time of UACR measurements.1”-18 Data on body weight percentile, outpatient creatinine
values, and family history of diabetes or kidney disease also were not available in the
database.

In conclusion, children with T1D are more likely to have transient albuminuria if urine
samples for ACR measurement are obtained during or shortly after a DKA episode. It is
possible that short-term severe hyperglycemia may induce transient tubular dysfunction
contributing to increased UACR. Additional investigation is needed to understand the
implications of these findings and whether they indicate increased long-term risk of diabetic
kidney disease. Clinicians should be aware that UACR measurements obtained during

or shortly after DKA are more likely to be transiently abnormal, and results should be
interpreted in light of these findings.

Funding and assistance

This study was supported by grants from the National Institutes of Health (T32 HD 49303 -JH and DK-55564 -
EH).

J Diabetes Complications. Author manuscript; available in PMC 2025 March 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Huang et al.

Page 5

Abbreviations:

References
1.

10

11.

12.

DKA diabetic ketoacidosis

UACR urine albumin-to-creatinine ratio
DKD diabetic kidney disease

TiD type 1 diabetes

HbA1c hemoglobin Alc

Perkins BA, Bebu I, de Boer IH, et al. Risk factors for kidney disease in type 1 diabetes. Diabetes
Care. May 2019;42:883-890. 10.2337/dc18-2062. [PubMed: 30833370]

. Huang JX, Casper TC, Pitts C, et al. Association of acute kidney injury during diabetic

ketoacidosis with risk of microalbuminuria in children with Type 1 diabetes. JAMA Pediatr. Feb
12022;176:169-175. 10.1001/jamapediatrics.2021.5038. [PubMed: 34842908]

. Kidney Disease: Improving Global Outcomes Diabetes Work G. KDIGO 2022 clinical practice

guideline for diabetes management in chronic kidney disease. Kidney Int. Nov 2022;102:51-S127.
10.1016/j.kint.2022.06.008. [PubMed: 36272764]

. Son MK, Yoo HY, Kwak BO, et al. Regression and progression of microalbuminuria in adolescents

with childhood onset diabetes mellitus. Ann Pediatr Endocrinol Metab. Mar 2015;20:13-20.
10.6065/apem.2015.20.1.13. [PubMed: 25883922]

. Perkins BA, Ficociello LH, Silva KH, Finkelstein DM, Warram JH, Krolewski AS. Regression of

microalbuminuria in Type 1 diabetes. N Engl J Med. June 5, 2003;348: 9 [2003].

. Giorgino F, Laviola L, Cavallo Perin P, Solnica B, Fuller J, Chaturvedi N. Factors associated

with progression to macroalbuminuria in microalbuminuric type 1 diabetic patients: the
EURODIAB Prospective Complications Study. Diabetologia. Jun 2004;47:1020-1028. 10.1007/
s00125-004-1413-8. [PubMed: 15170497]

. Amin R, Widmer B, Prevost AT, et al. Risk of microalbuminuria and progression to

macroalbuminuria in a cohort with childhood onset type 1 diabetes: prospective observational study.
BMJ. Mar 29 2008;336:697-701. 10.1136/bmj.39478.378241.BE. [PubMed: 18349042]

. Kahkoska AR, Isom S, Divers J, et al. The early natural history of albuminuria in young adults

with youth-onset type 1 and type 2 diabetes. J Diabetes Complications. Dec 2018;32:1160-1168.
10.1016/j.jdiacomp.2018.09.018. [PubMed: 30316542]

. Miltenyi M, Szabo A, Tulassay T, Korner A, Kenesei E, Dobos M. Reduced glomerular

filtration and elevated urinary protein excretion in diabetic ketoacidosis. Acta Paediatr Scand. Apr
1990;79:444-447. 10.1111/j.1651-2227.1990.tb11491.x. [PubMed: 2112297]

. Ginevri F, Piccotti E, Alinovi R, et al. Reversible tubular proteinuria precedes microalbuminuria
and correlates with the metabolic status in diabetic children. Pediatr Nephrol. 1993;7:4.

Miltenyi M, Korner A, Tulassay T, Szabo A. Tubular dysfunction in type 1 diabetes mellitus. Arch
Dis Child. 1985;60:3. [PubMed: 3970565]

Kordonouri O, Kahl A, Jorres A, Hopfenmuller W, Muler C, Danne T. The prevalence of incipient
tubular dysfunction, but not of glomerular dysfunction, is increased in patients with diabetes onset
in childhood. J Diabetes Complications. 1999;13:5.

13. Comai G, Malvi D, Angeletti A, et al. Histological evidence of diabetic kidney disease precede

clinical diagnosis. Am J Nephrol. 2019;50:29-36. 10.1159/000500353. [PubMed: 31167184]

14. Daniels M, DuBose SN, Maahs DM, et al. Factors associated with microalbuminuria in 7,549

children and adolescents with type 1 diabetes in the T1D exchange clinic registry. Diabetes Care.
Sep 2013;36:2639-2645. 10.2337/dc12-2192. [PubMed: 23610082]

15. Younes N, Cleary PA, Steffes MW, et al. Comparison of urinary albumin-creatinine ratio and

albumin excretion rate in the diabetes control and complications trial/epidemiology of diabetes

J Diabetes Complications. Author manuscript; available in PMC 2025 March 21.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Huang et al.

Page 6

interventions and complications study. Clin J Am Soc Nephrol. Jul 2010;5:1235-1242. 10.2215/
CJN.07901109. [PubMed: 20448066]

16. Raile K, Galler A, Hofer S, et al. Diabetic nephropathy in 27,805 children, adolescents, and adults
with type 1 diabetes: effect of diabetes duration, A1C, hypertension, dyslipidemia, diabetes onset,
and sex. Diabetes Care. Oct 2007;30: 2523-2528. 10.2337/dc07-0282. [PubMed: 17630266]

17. Selby NM, Taal MW. An updated overview of diabetic nephropathy: diagnosis, prognosis,
treatment goals and latest guidelines. Diabetes Obes Metab. Apr 2020;22: 3-15. 10.1111/
dom.14007.

18. Waikar SS, Rebholz CM, Zheng Z, et al. Biological variability of estimated GFR and albuminuria
in CKD. Am J Kidney Dis. Oct 2018;72:538-546. 10.1053/j.ajkd.2018.04.023. [PubMed:
30031564]

J Diabetes Complications. Author manuscript; available in PMC 2025 March 21.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Huang et al. Page 7

Table 1
Characteristics of patients included for study.
Characteristics All Never had abnormal uACR 21 abnormal uACR  p-Value
N = 1817 N = 1592 N =225

Age (years) at diagnosis, mean (SD) 9.7 (4.2) 9.6 (4.0) 10.0 (4.0) 0.13
Female 805 (44 %) 678 (43 %) 127 (56 %) <0.001
Race 0.24

Asian 15 (1 %) 14 (1 %) 1(0 %)

Black 293 (16 %) 265 (17 %) 28 (12 %)

Hispanic 39 (2 %) 31 (2 %) 8 (4 %)

Non-Hispanic White 1298 (71 %) 1130 (71 %) 168 (75 %)

Other/Multi-Racial 172 (10%) 152 (10 %) 20 (9 %)
Mean HbA1c (%), mean (SD) 8.1 (1.4) 8.1 (1.4) 9.2 (1.4) 0.18
Years of follow-up, mean (SD) 3.4(2.8) 3.4(2.8) 3.6(2.8) 0.47

Characteristics are provided as n (column %) unless otherwise indicated mean (SD). p-value displayed is comparing patients who never had an
abnormal UACR measurements with patients who had at least 1 abnormal uACR measurements.

Abbreviations: HbAlc = hemoglobin Alc, UACR = urine albumin-creatinine ratio.
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Table 3

Multivariable analysis of factors associated with the odds of transiently abnormal uACR.

Variables

Transiently abnormal uACR

Transiently abnormal/unconfirmed abnormal uACR

OR (95 % Cl)

p-Value

OR (95 % Cl)

p-Value

Age at measurement (per 1-year increase)
Female (vs. male)

Years of follow-up (per 1-year increase)
Timing of UACR measurement

Routine Screening

New-onset T1DZ

During/after DKA

0.98 (0.95-1.00)
1.44 (1.17-1.78)
1.02 (0.98-1.06)

Reference
1.95 (0.93-4.09)

2.15 (1.50-3.07)

0.04
<0.001
0.34

0.08

<0.001

0.99 (0.96-1.01)
1.41 (1.16-1.71)
0.98 (0.95-1.02)

Reference
1.79 (0.88-3.63)

2.34 (1.68-3.25)

0.32
0.001
0.38

0.11

<0.001

Mixed logistic regression analysis including only transiently abnormal uACR as the outcome (middle column) and transiently abnormal
plus unconfirmed abnormal UACR (sensitivity analysis-right column). All analyses were clustered by patient to account for multiple uUACR

measurements from the same individual.

Abbreviations: T1D = type 1 diabetes, DKA = diabetic ketoacidosis, UACR = urine albumin-to-creatinine ratio.

aNot in DKA.
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