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Abstract

Objective—Steroid-induced hyperglycemia is common in hospitalized patients with diabetes

mellitus. Guidelines for glucose management in this setting are lacking.

Methods—We conducted a retrospective chart review of non-critically ill patients with diabetes

receiving steroids, hospitalized from January 2009 to October 2012. Fifty-eight patients were

identified from 247 consults. Multivariable linear regression was used to assess median daily

insulin requirements of normoglycemic patients compared with hyperglycemic patients.

Results—Of the 58 total patients included in our study, 20 achieved normoglycemia during

admission (patient-day weighted mean blood glucose [PDWMBG] level = 154 ± 16 mg/dL) and

38 remained hyperglycemic (PDWMBG level= 243 ± 39 mg/dL; P < 0.001). There were no

differences between the 2 patient groups in age, sex, race, body weight, renal function, HbA1c

level, glucose-altering medications, diabetes type, or disease duration. Following multivariable

adjustment, compared with hyperglycemic patients, normoglycemic patients required similar units

of basal insulin (median [interquartile range])(23.6 [17.9, 31.2] vs 20.1 [16.5, 24.4]; P = 0.35);

higher units of nutritional insulin (45.5 [34.2, 60.4] vs 20.1 [16.4, 24.5]; P < 0.001]; and lower

units of correctional insulin (5.8 [4.1, 8.1] vs 13.0 [10.2, 16.5]; P < 0.001]). Patients achieving

normoglycemia required a significantly lower percentage of correction insulin (total daily dose

[TDD]: 7.4% vs 23.4%; P < 0.001) and a higher percentage of nutritional insulin (TDD: 58.1% vs

36.2%; P < 0.001) than hyperglycemic patients. There was no difference in the TDD per kilogram,

TDD per milligram hydrocortisone dose, or TDD per milligram hydrocortisone dose per kilogram

weight between the 2 groups.

Conclusion—The data suggest that non-critically ill patients with hyperglycemia receiving

steroids require a higher percentage of TDD insulin therapy as nutritional insulin to achieve

normoglycemia.
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Introduction

Diabetes is a highly prevalent condition in the United States1 and 1 of 4 patients admitted to

the hospital have a history of diabetes.2 Many studies have suggested that hyperglycemia in

hospitalized patients is associated with poor outcomes, increased mortality, increased

incidence of infections, and prolonged length of stay.2-6 Glucocorticoids are commonly

prescribed for the treatment of many inflammatory, allergic, immunologic, and malignant

disorders. Hyperglycemia is frequently experienced by patients after steroid administration,

with a prevalence of 20% to 50% among patients without a previous history of diabetes.7-9

The American Diabetes Association (ADA), the American Association of Clinical

Endocrinologists, and the Endocrine Society have published guidelines about the appropriate

management of patients who develop hyperglycemia secondary to steroid therapy; however,

the recommendations are based on expert opinion rather than evidence-based data, which is

lacking in this area.6,10 In the most recent statement by the ADA and the Endocrine

Society,10 it is recommended that patients treated with glucocorticoids who develop

hyperglycemia should be treated with a basal/bolus insulin regimen at a starting dose of 0.3

to 0.5 units/kg/day. Notably the Endocrine Society and the ADA, understanding the

magnitude of the problem, recommended the use of continuous insulin infusion in patients

who receive high-dose glucocorticoids and develop severe hyperglycemia,10 a treatment that

can be easily implemented in the critical care/intensive care unit (ICU) setting but not in the

non-critical care setting (eg, general wards). Most in-patient glucose management guidelines

for subcutaneous insulin therapy recommend that 50% of the insulin TDD be administered

as basal insulin and that 50% be administered as 3 equally divided doses of nutritional

insulin.11,12 However, patients who receive steroids develop significant postprandial

hyperglycemia due to decreased insulin-mediated glucose uptake into the peripheral tissues

(ie, adipose tissue, skeletal muscle),13 leading diabetes experts to suggest that these patients

may need to be treated with more nutritional than basal insulin.14

We therefore hypothesized that patients with diabetes treated with steroids who achieve

normoglycemia in the hospital would have a higher nutritional and lower basal insulin

requirement than those not achieving normoglycemia. To test our hypothesis, we performed

a retrospective study of non-critically ill hospitalized patients with diabetes mellitus who

received steroids to compare:1) total daily basal, nutritional, and correction insulin doses; 2)

percentage each of basal, nutritional, and correction insulin to insulin TDD; 3) total daily

insulin dose per kilogram body weight (units/kg); 4) ratio of insulin to hydrocortisone dose

(units/mg); and 5) ratio of insulin to hydrocortisone dose per kilogram (units/mg/kg).
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Materials and Methods

Study Population—We identified all hospitalized patients evaluated by our Inpatient

Diabetes Management Service (IDMS) through our registry between January 2009 and

October 2012, and determined which of the patients with a history of diabetes had received

glucocorticoids (N = 247; Figure 1) from our electronic databases (ie, Physician Order Entry

[POE] system, Electronic Patient Record [EPR]). To minimize potential non-glucocorticoid

confounding factors that can alter glucose management (increasing or decreasing insulin

needs), we excluded patients with infections that required treatment with systemic

antibiotics (n = 32); individuals with a history of kidney failure (glomerular filtration rate

[GFR] < 30 mL/min per 1.73m2) or liver failure (International Normalized Ratio [INR] >

1.7; n = 29); human immunodeficiency virus or lipodystrophy (n = 4); and patients receiving

continuous tube feeds, parenteral nutrition, or > 1 L/day of 5% dextrose intravenous (IV)

fluids (n = 21). We also excluded patients who were receiving glucocorticoids with

hydrocortisone equivalent doses < 20 mg/day (n = 10), had missing data (n = 29), did not

have a history of diabetes mellitus (n = 13), or had diabetes not managed by a basal-bolus

insulin regimen (eg, treated with insulin pumps, premixed insulins, or oral medications; n =

34). We also excluded patients who had hypoglycemic events, as frequent hypoglycemia

might lower overall average glucose despite significant glucose fluctuations (n = 13). Four

duplicate patient records were also excluded. Our final patient sample (N = 58) included

those patients who were eating, receiving a carbohydrate-controlled diet, and who were on a

basal-bolus insulin regimen (glargine/aspart regimen) (n = 58). In our hospital, a

carbohydrate-controlled diet consists of 60 grams of carbohydrates per tray. The study was

approved by the Institutional Review Board of the Johns Hopkins University School of

Medicine.

Data Collection

Patient Data—From our POE and EPR systems, we collected demographic data (age, race,

sex), diabetes duration and type (type 1 or type 2 diabetes mellitus, cystic fibrosis-related

diabetes, post pancreatectomy diabetes), and recent (within last 3 months) glycated

hemoglobin (HbA1c) level. Medical comorbidities were also collected and Charlson

Comorbidity Index score was calculated.15 We also recorded any medications with

hyperglycemic properties that patients were taking during their admission, including β-

blockers, calcineurin inhibitors, clonidine, thiazide, and atypical antipsychotics.

Glycemia Assessment—Glucose data, including glucose result, date, and time, were

collected retrospectively. The data were collected from 2 sources: the point-of-care glucose

database, which records all capillary glucose measurements; and the EPR, which records all

serum results. Point-of-care capillary measurements were performed prior to meals and at

bedtime (4 times daily) by nursing staff. Serum measurements are drawn generally in the

early morning while the patient was in a fasting state and run in the central laboratory. If 2

blood glucose level results were recorded within 1 hour, the latter result was excluded in

order to avoid bias from repeated testing for extreme low or high blood glucoses. For the

purpose of our analysis, normoglycemia was defined as a patient-day-weighted mean blood
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glucose (PDWMBG) level of 70 to 179 mg/dL and hyperglycemia was defined as a

PDWMBG level > 180 mg/dL.

Insulin and Medication Summary Variables—We recorded each patient's

glucocorticoid type and dose, and daily insulin doses, including TDD and basal, nutritional,

and correction insulin. For patients who achieved and did not achieve normoglycemia, we

calculated the following variables: 1) total daily basal, nutritional, and correction insulin

doses; 2) total daily insulin dose per kilogram body weight (units/kg); and 3) percentage

each of basal, nutritional, and correction insulin to insulin TDD (basal/TDD, nutritional/

TDD, correction/TDD). As patients received different types of glucocorticoids during the

hospital stay, such as prednisone, methylprednisolone, hydrocortisone, and dexamethasone,

and at different doses, we converted all the glucocorticoids to hydrocortisone equivalents to

allow for comparability in glucocorticoid exposure between groups, then calculated the

insulin TDD per mg of hydrocortisone dose for each group of patients. We also calculated

the TDD/hydrocortisone dose/kg to potentially identify the required insulin dose/

hydrocortisone/kg to safely achieve normoglycemia.

Statistical Analysis

Bivariate and multivariate analyses were performed. Both X2 and Fisher exact tests were

used to compare categorical covariates, and t tests and Wilcoxon rank sum tests were used to

compare means and medians of continuous covariates, respectively. Natural logarithmic

transformation of the continuous insulin dose measures was necessary to normalize their

distributions. Multivariable linear models were fit for each log-transformed outcome.

Results were subsequently back transformed to the original scale, and reported as the

geometric mean with 95% CI for those achieving and not achieving normoglycemia.

Two sets of multivariable linear models were specified: 1) minimally adjusted for age, sex,

and race; and 2) fully adjusted for age, sex, race, diabetes type, diabetes duration,

administration of medications with glucose-altering properties, GFR, chronic kidney disease

(CKD) stage, and modified Charlson Index score. All covariates remained in the models

regardless of statistical significance because they were considered to be potential

confounders a priori. A 2-sided P value of < 0.05 was used as the cutoff for statistical

significance. Statistical software SAS version 9.3 was used for analysis.

Results

Baseline Characteristics

Of the 58 patients included in our study, 20 patients achieved normoglycemia during

admission (PDWMBG level 154 ± 16 mg/dL) and 38 patients remained hyperglycemic

(PDWMBG level 243 ± 39 mg/dL; P < 0.001). There was no difference in age, sex, race,

body weight, type or duration of diabetes, stage of CKD, HbA1c level, or use of medications

with hyperglycemic properties between the 2 groups (Table 1). The 2 groups received

similar median doses of glucocorticoids, 107 mg/day (80, 161 mg/day) and 120 mg/day (80,

391 mg/day) in those achieving and not achieving normoglycemia, respectively (P = 0.75).

Notably however, the group that achieved normoglycemia had a higher Charlson
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Comorbidity Index score than the group that did not achieve normoglycemia (3.5 ± 2.7 vs

2.2 ± 2.2; Table 1).

Insulin Requirements

The total daily basal insulin requirements were similar between the 2 groups (Table 2);

however, there were significant differences in the proportion of nutritional and correction

insulin required by the 2 groups. Compared with patients who did not achieve

normoglycemia, those who achieved normoglycemia received significantly higher total daily

nutritional insulin and lower correction insulin (Table 2). These associations persisted

following minimal adjustment for age, race, and sex and multivariable adjustment for

diabetes type and duration, length of stay, Chronic Kidney Disease (CKD) stage

classification, Charlson Comorbidity Index score, and use of medications with glucose-

altering properties. Similarly, patients achieving normoglycemia required a significantly

lower percentage of basal insulin:TDD and correction insulin:TDD and a higher percentage

of nutritional insulin:TDD than those who did not achieve normoglycemia (Table 2). The

percentage of basal/total daily insulin was lower in the group that achieved normoglycemia

compared with the hyperglycemic group, although the difference may not be clinically

significant. Although not statistically significant, patients that achieved normoglycemia

required a slightly higher TDD per kg compared to patients who that did not achieve

normoglycemia (Table 2). There was no difference between the 2 groups on the ratio of

insulin to hydrocortisone dose or the ratio of insulin to hydrocortisone per kg in univariate or

multivariable analyses (Table 2); however, although not statistically significant, the ratios of

total daily insulin to hydrocortisone dose and insulin to hydrocortisone dose per kg was

higher in the normoglycemic group compared with the hyperglycemic group in the fully

adjusted models.

Discussion

Our study showed that diabetic and/or hyperglycemic patients treated with glucocorticoids

who achieved normoglycemia required more nutritional and less correction insulin relative

to TDD compared with patients who did not achieve normoglycemia. There was also a trend

toward a higher total daily insulin dose per kg in patients who achieved normoglycemia

compared with those who did not, although this difference was not statistically significant in

the multivariable models.

Hyperglycemia represents an important and frequent side effect in patients who receive

glucocorticoids.10 Although glucocorticoids represent one of the most common medications

prescribed in both outpatient and in-patient settings, there is very little data to support

clinical practice recommendations for individuals with and without diabetes who develop

significant hyperglycemia. Recently published guidelines recommend that patients being

treated with glucocorticoids receive a starting total daily insulin dose of 0.3 to 0.5 units/kg/

day.10 It is reasonable to initiate therapy with a more conservative insulin regimen, however,

to our knowledge, no studies have been performed in order to identify the target TDD of

insulin required to achieve normoglycemia in patients with diabetes receiving steroids. Our

data indicate that patients achieving normglycemia required much higher insulin doses,
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close to 0.8 units/kg/day. Our finding of higher nutritional insulin requirements in patients

receiving glucocorticoids who achieved glycemic targets is also consistent with expert

opinion recommendations14; however, these recommendations were based on clinical

observations rather than clinical research studies. Recently published guidelines did not

specifically comment on the potential for increased nutritional insulin needs in patients

receiving glucocorticoids but recommend IV insulin infusion, when the basal-bolus

approach is not effective.10 Although IV insulin infusion treatment is likely the safest and

most efficient approach to achieving normoglycemia in patients, the method may not be

feasible in non-ICU, non-critical care settings (eg, general wards), necessitating

development of alternative approaches to achieving glycemic targets using subcutaneous

insulin.

In our study, glargine was the only basal insulin used. Insulin regimens using neutral

protamine Hagedorn (NPH) have been suggested as alternative approaches intreating

glucocorticoid- induced hyperglycemia in patients with or without history of diabetes

mellitus, especially and in particular in patients who receive prednisone or prednisolone, as

NPH and prednisone and prednisolone share similar pharmacodynamic properties.9 A

review article9 also suggested an approach to adjusting the NPH dose in the setting of

glucocorticoid taper. There are some acknowledged limitations to this approach. As the

authors stated, the regimen should not be applied in patients who receive long-acting

glucocorticoids, such as dexamethasone, when longer-acting insulins, such as glargine or

detemir, may be more effective.9 A recent study showed that administration of NPH and

glargine as basal insulin were equally effective in treating patients with prednisone-induce

hyperglycemia.16 Seggelke et al performed a small study in patients with cystic fibrosis

receiving methylprednisolone, assessing glucose outcomes in patients treated with glargine

and lispro compared with glargine, lispro, and NPH.17 Results showed that both treatment

groups had similar (normoglycemic) fasting blood glucose levels; however, the group that

received NPH in addition to the basal-bolus regimen had better pre-lunch and pre-dinner

glucose levels.17 The study was limited by the small number of patients (n = 20), short study

duration (3 days), and the inclusion only of patients with cystic fibrosis, limiting

generalizability of the findings.17 Additionally, the control group received similar amounts

of glargine and lispro insulin, close to 50% each, so it is unknown if they would have

achieved better postprandial glycemic control with higher doses of nutritional insulin. These

early study results suggest combing NPH insulin with a multiple daily injection regimen of a

once-daily basal insulin and rapid-acting analogs may be effective in treating glucocorticoid-

induced hyperglycemia; however, although not reported, the use of 3 different insulin types

could potentially lead to medication errors with deleterious effects for the patient.

An alternative approach is to increase the proportion of the total daily insulin dose

administered as nutritional insulin to better treat postprandial hyperglycemia associated with

glucocorticoid administration. Our data suggest that higher doses of nutritional insulin may

be effective in achieving glycemic targets in patients with glucocorticoid-induced

hyperglycemia when approximately 30% to 35% of the total daily insulin dose is

administered as basal insulin and 65% to 70% is administered as nutritional insulin.
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Our approach of treating postprandial hyperglycemia with higher doses of nutritional insulin

in the setting of glucocorticoid administration has a physiologic rationale. Glucocorticoids

can induce insulin resistance and therefore exacerbate postprandial hyperglycemia by

different pathways, affecting either muscle, adipose tissue, liver, or bones.13 In rat L6

skeletal muscle cells, dexamethasone treatment decreased the expression of key elements in

the insulin receptor pathway, such as insulin receptor substrate (IRS)-1, phospatidylinositol

3 kinase (PI3-K), and protein kinase B (PKB).18-20 Steroid administration in rats has also

been shown to decrease the migration of glucose transporter 4 (GLUT-4) to the surface of

the muscle.21 Glucocorticoids can also induce muscle skeletal atrophy by increasing protein

degradation13 and the released amino acids have been shown to alter insulin signaling by

inhibiting IRS-1 phosphorylation and PI3-K activation.22 In adipose tissue, glucocorticoids

have been shown to down-regulate IRS-1 in 3T3L1 adipocytes,23 and also to alter the

expression of several adipokines, such as adiponectin and resistin.13,24 Finally, in the liver,

glucocorticoids can induce insulin resistance by different mechanisms. Administration of

glucocorticoids induces hepatic insulin resistance by impairing the insulin suppressive

effects in hepatic glucose production, especially in the postprandial state, and this was

demonstrated in healthy subjects following short-term glucocorticoid exposure.13,25,26

Recently, it was reported that long-term treatment with glucocorticoids induces insulin

resistance through suppression of the osteoblast-derived peptide osteocalcin.27

Our study had several limitations that should be kept in mind in interpreting our data. First,

our sample size was small. Of the 247 patients consults considered where patients received

steroids, only 58 patients did not have significant comorbidities that prevented them from

being included. The rationale for this was to try to avoid any comorbidities unrelated to

glucocorticoids that could significantly alter the patient's insulin requirements.

Consequently, there may have been selection bias and our results are not generalizable to

non-critical care settings or to patients with a greater severity of illness. Second, it is notable

that the group of patients who achieved normoglycemia had a higher modified Charlson

Comorbidity Index score compared with the patient group that did not achieve

normoglycemia. Therefore, we cannot exclude the possibility that the provider caring for

these patients may have perceived them to be at higher risk for hospital-related

complications and may have treated them more aggressively, resulting in better glycemic

control. Third, our study was retrospective, so we may not have had complete case

ascertainment and we were unable to implement a specific insulin-management strategy and

examine its effects prospectively. Fourth, our patients had pre-existing diabetes, so findings

may differ in individuals without pre-existing diabetes who have isolated glucocorticoid-

induced hyperglycemia. Fifth, in our analysis we included only patients who were ordered a

60-gm carbohydrate-controlled diet. Unfortunately we did not have data regarding their total

caloric intake or the amount of carbohydrates actually consumed, which may be impacted by

anorexia, nausea, vomiting, or diarrhea in the hospital setting. Finally, because of the

retrospective nature of our study, there may have been residual confounding that may have

influenced and biased our results.
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Summary

In summary, our data suggest that non-critically ill patients with hyperglycemia receiving

steroids require a higher percentage of their insulin TDD as nutritional insulin to achieve

normoglycemia. Future clinical trials should examine the approach of using a basal-bolus

insulin ratio of 35%:65% compared with the standard basal-bolus ratio of 50%:50%, or

using insulin NPH to compare the effectiveness among treatments in reaching glycemic

targets for patients. Such a study would fill an important research gap recently identified by

the Planning Research in Inpatient Diabetes (PRIDE) Investigators in a recent overview of

gaps in our current knowledge in delivering high-quality in-patient care to patients with

diabetes and hyperglycemia.28
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Figure 1.
Flow diagram for selection of study population.

Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate; D5 IVF, 5%

dextrose intravenous (IV) fluids.
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Table 1
Association of Demographics, Diabetes Characteristics, and Insulin Requirements in
Patients Achieving and Not Achieving Normoglycemia

Parameter Achieved Target (n = 20) Did Not Achieve Target (n = 38) P Value

Age, mean y ± SD 60.0 ± 11.3 61.4 ± 15.0 0.73

Sex, %

Women 40.0 55.3 0.27

Men 60.0 44.7

Race, %

White 55.0 50.0 0.80

Black 40.0 47.4

Other 5.0 2.6

Diabetes type, %

Type 1 5.0 2.6 0.70

Type 2 85.0 92.1

Othera 10.0 5.3

Duration of diabetes, y (interquartile range) 13 (8, 24) 10 (4, 19) 0.17

Body weight, mean kg ± SD (n = 53) 93 ± 19 94 ± 23 0.87

GFR CKD classifications, %

Stages 1 & 2, > 60 35.0 60.5 0.18

Stage 3A, 45–60 40.0 23.7

Stage 3B, 30–44 25.0 15.8

Charlson Index score, mean ± SD 3.5 ± 2.7 2.2 ± 2.2 0.05

HbA1c level, mean % ± SD (n = 55) 7.9 ± 1.4 8.7 ± 2.7 0.15

Taking medications with glucose-altering properties, % 75.0 60.5 0.27

Total PDWMB level ± SD 154 ± 16 243 ± 39 < 0.001

NOTE: X2 tests were used to compare proportional differences for categorical covariates; t tests and Wilcoxon rank sum tests were used to
compare means and medians of continuous covariates by achieved target group.

a
Other types of diabetes (cystic fibrosis-related diabetes or post-pancreatectomy diabetes).

Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate; PDWMB, patient-day weighted mean blood; SD, standard
deviation.
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Table 2
Insulin Requirements in Patients Receiving Steroids Who Did and Did Not Achieve
Glycemic Target

Parameter Achieved Target (n = 20) Did Not Achieve Target (n = 38) P Value

Total daily basal insulin

Median (1st, 3rd IQR) 22.8 (15.0, 45.5) 20.0 (14.5, 30.0) 0.35

Minimally adjusteda 23.5 (18.1, 30.6) 20.4 (16.9, 24.6) 0.39

Fully adjustedb 23.6 (17.9, 31.2) 20.1 (16.5, 24.4) 0.35

Total Daily Nutritional Insulin Dose

Median (1st, 3rd IQR) 43.5 (27.8, 75.0) 21.5 (15.0, 27.5) < 0.001

Minimally adjusteda 43.9 (33.5, 57.6) 20.5 (16.9, 24.8) < 0.001

Fully adjustedb 45.5 (34.2, 60.4) 20.1 (16.4, 24.5) < 0.001

Total Daily Correctional Insulin

Median (1st, 3rd IQR) 6.5 (3.5, 10.0) 14.0 (9.5, 24.0) < 0.001

Minimally adjusteda 5.5 (4.0, 7.6) 13.6 (10.9, 17.1) < 0.001

Fully adjustedb 5.8 (4.1, 8.1) 13.0 (10.2, 16.5) < 0.001

Percentage of Basal/Total Daily Insulin

Median (1st, 3rd IQR) 29.6 (26.9, 35.2) 37.4 (31.0, 40.4) 0.015

Minimally adjusteda 30.7 (27.5, 34.3) 36.0 (33.3, 38.9) 0.024

Fully adjustedb 30.2 (26.8, 34.0) 36.2 (33.3, 39.4) 0.02

Percentage of Nutritional/Total Daily Insulin

Median (1st, 3rd IQR) 59.2 (51.6, 65.0) 37.6 (32.7, 42.0) < 0.001

Minimally adjusteda 57.3 (50.4, 65.2) 36.1 (33.0, 39.6) < 0.001

Fully adjustedb 58.1 (50.9, 66.5) 36.2 (32.9, 39.8) < 0.001

Percentage of Correction/Total Daily Insulin

Median (1st, 3rd IQR) 9.4 (4.2, 12.8) 24.3 (19.4, 34.2) < 0.001

Minimally adjusteda 7.2 (5.3, 9.7) 24.0 (19.4, 30.0) < 0.001

Fully adjustedb 7.4 (5.3, 10.2) 23.4 (18.6, 29.5) < 0.001

Total Daily Insulin Dose per kg Body Weight

Median (1st, 3rd IQR) 0.82 (0.63, 1.38) 0.64 (0.45, 0.93) 0.06

Minimally adjusteda 0.81 (0.64, 1.03) 0.63 (0.53, 0.75) 0.10

Fully adjustedb 0.80 (0.62, 1.05) 0.63 (0.52, 0.76) 0.16

Ratio of Insulin to Hydrocortisone Dose (units/mg)

Median (1st, 3rd IQR) 0.66 (0.27, 1.21) 0.60 (0.23, 1.01) 0.40

Minimally adjusteda 0.56 (0.33, 0.96) 0.44 (0.29, 0.65) 0.46

Fully adjustedb 0.56 (0.31, 1.01) 0.44 (0.28, 0.67) 0.51

Ratio of Insulin to Hydrocortisone Dose per kg (units/mg/kg) Multiplied by 100
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Parameter Achieved Target (n = 20) Did Not Achieve Target (n = 38) P Value

Median (1st, 3rd IQR) 0.75 (0.31, 1.36) 0.66 (0.18, 1.06) 0.33

Minimally adjusteda 0.60 (0.35, 1.04) 0.45 (0.30, 0.67) 0.39

Fully adjustedb 0.57 (0.31, 1.04) 0.46 (0.30, 0.72) 0.59

NOTE: Natural logarithmic transformation of original outcomes was necessary to normalize distributions. Results of multivariate models were
subsequently back transformed and reported as the geometric mean with 95% CI.

a
Adjusted for age, sex, and race

b
Adjusted for sex, race, age, diabetes type, duration of diabetes, GFR CKD stage classification, taking medications with glucose-altering

properties, and the Charlson Comorbidity Index score.

Abbreviations: CKD, chronic kidney disease; GRF, glomerular filtration rate; IQR, interquartile.
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