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a b s t r a c t
Objective: To assess the association between glycaemic status prior to the ﬁrst hospital presentation with developing adverse renal outcomes overtime in patients with multiple hospital re-admissions.
Design: A prospective observational cohort study.
Participants: All inpatients aged ≥54 years admitted between 2013 and 16 to a tertiary hospital.
Main outcomes: We prospectively measured HbA1c levels in all inpatients aged ≥54 years admitted between 2013
and 16. Diabetes was deﬁned as prior documented diagnosis of diabetes and/or HbA1c ≥6.5% (47·5 mmol/L). Included patients had ≥ two admissions (at least 90 days apart), baseline estimated glomerular ﬁltration rate
(eGFR) N30 ml/min/1·73m2 and no history of renal replacement therapy. We assessed several renal outcomes:
(a) 50% decline in eGFR; (b) rapid decline in renal function (eGFR decline N5 mL/min/1·73m2/year) and
(c) ﬁnal eGFRb30 ml/min/1·73m2.
Results: Of 4126 inpatients with a median follow-up of 465 days (254, 740), 26% had diabetes. The presence of
diabetes was associated with higher odds of (a) 50% decline in eGFR (OR = 1·42;95% CI:1·18–1·70;p b
0·001); (b) rapid decline in renal function (OR = 1·40;95%CI:1·20–1·63;p b 0·001), and (c) reaching
eGFRb30 ml/min/1.73m2 (OR = 1·25;95%CI:1·03–1·53;p b 0·05). Every 1% (11 mmol/L) increase in baseline
HbA1c was associated with signiﬁcantly greater odds of (a) N50% decline in eGFR (OR = 1·07;95% CI:1·01–
1·4;p b 0·05) and (b) rapid decline in renal function (OR = 1·11;95% CI:1·05–1·18;p b 0·001).
Conclusions: In patients with ≥two admissions, the presence of diabetes and higher HbA1c levels were strongly
and independently associated with adverse renal outcomes at follow up. Such patients are at high risk of relatively rapid deterioration in renal function and a logical target for structured preventive interventions.
© 2019 Elsevier Inc. All rights reserved.
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1. Introduction
Diabetes is the leading cause of chronic kidney disease (CKD)
worldwide.1 1·2 million Australians were reported to have diabetes in
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2014–15. There were over one million hospitalisations with diabetes as
the principal or additional diagnosis in 2015–16 in Australia.2 People
with diabetes have higher hospital readmission rates compared to people without diabetes which is a major driver of impaired health related
quality of life and signiﬁcant socioeconomical costs.3 The role of glucose
control in reducing micro and macrovascular complications of diabetes
in the outpatient setting is well established4; however, there are no
studies examining the relationship between glycaemic status leading
to the initial hospital admission in people with multiple rehospitalisation episodes and the risk of future decline in renal function.
Studies related to the inpatient population have been generally conﬁned to single admission episodes in the cardiac surgery setting or to
critically ill patients looking at short term strict glycaemic control during the inpatient pre and post-operative periods.5,6 Thus, whether diabetes and glycaemic control prior to an initial admission are
independently associated with adverse renal outcomes in future
hospitalisation episodes is currently unknown.
Estimates of glomerular ﬁltration rate using eGFR equations have
been used as a surrogate endpoint in clinical studies,7 with the Food
and Drug Administration (FDA) accepting a 30% decline in eGFR as a
surrogate endpoint in clinical trials of new medications for diabetes.8
In this regard, the typical annual absolute age related eGFR decline in
the outpatient population is approximately 0·4–1·2 mL/min per
1·73 m2 per year but this is approximately 2·1–2·7 mL/min per
1·73 m2 per year in those with diabetes.9 While chronic decline in
renal function is important, shorter term decline in renal function provides important prognostic information as it has been demonstrated
that an eGFR nadir at any time point is associated with increased cardiovascular events and all-cause mortality.10,11 Furthermore, more rapid
declines in eGFR (N5 ml/min per 1·73 m2 per year)12 are strongly associated with progression to end stage kidney disease (ESKD) in the outpatient setting but there are no studies evaluating this outcome
following recent hospitalisation.13 However, despite the likely importance of long term glycaemic control in patients with diabetes and
their risk of diabetic kidney disease, the role of HbA1c14 as a prognostic
factor in progression of renal function decline over short follow-up
times in those who have had an inpatient admission is unclear.
We hypothesised that the presence of diabetes and higher HbA1c
levels would, over the medium term, be independently associated
with adverse renal outcomes in patients with multiple hospital admissions. To test this hypothesis, we evaluated the association between
baseline glycaemic status deﬁned categorically or using HbA1c as a continuous variable, with medium-term decline in renal function in patients re-admitted to a tertiary referral hospital.
2. Methods
2.1. Study design
This project was approved by the health service Human Research
Ethics Committee and individual consent was waived due to the nature
of the study. In this prospective observational cohort study, an automated HbA1c test was generated by the Cerner Millennium Electronic
Medical Record® (CERNER, North Kansas City, Missouri), for all inpatients aged ≥54 years admitted to Austin hospital, Melbourne,
Australia, between July 2013 and January 2016, who did not have an
HbA1c measurement recorded within the preceding 90 days. The age
value was chosen as it has been previously demonstrated that when
using HbA1c measurements, the prevalence of previously unknown diabetes was substantially higher (5·4%) in hospital-based participants
aged over 54 years.15 HbA1c was measured using Roche immunoassay
on Integra 800 (Roche Diagnostics, Risch-Rotkreuz, Switzerland) and
the results were reported through the hospital electronic medical record system, Cerner® Millennium.
In the current analysis, only patients with two or more admissions
(over a period of 90 to 1334 days), baseline eGFR N30 ml/min/1·73m2

and no prior history of renal replacement therapy were included. As
CKD is deﬁned when changes in renal parameters persist for N90 days,
in the current analysis, only inpatients with ≥two admissions which
were at least 90 days apart were included.16 Pre-speciﬁed baseline demographic data, principal admission diagnosis, clinical characteristics
and baseline and ﬁnal biochemical laboratory values were extracted
using Excel 2016 Visual Basic for Application (VBA) from medical records and hospital databases. Estimated glomerular ﬁltration rate was
calculated based on the CKD-EPI formula using extracted data (age, gender and creatinine levels) on admission on the ﬁrst presentation and
just before discharge on last presentation to hospital.17
The primary outcome was deﬁned as N50% percentage decline in
eGFR and secondary outcomes were (i) development of rapid decline
in renal function (eGFR decline N5 ml/min per 1·73 m2 per year), and
(ii) reaching a ﬁnal eGFRb30 ml/min per 1·73 m2.
2.2. Deﬁnitions
Inpatients were categorised into two subgroups (diabetes and no diabetes, including both type 1 and type 2 diabetes, no gestational diabetes included in the study) based on previous documented diagnosis of
diabetes or HbA1c levels. Inpatients were diagnosed with diabetes if
they had a prior history and documented diagnosis of diabetes or if
their HbA1c at baseline was ≥6·5% (47·5 mmol/mol). Inpatients with
a baseline HbA1c b6·5% (47·5 mmol/mmol) and no prior diagnosis of
diabetes were considered to have no diabetes. These deﬁnitions are in
accordance with the International Expert Committee and American Diabetes Association.18
2.3. Clinical and biochemical characteristics
Data regarding comorbidities were obtained from medical records to
calculate a Charlson co-morbidity score to reﬂect patient comorbidities.
Charlson comorbidity scores were calculated from ICD-10 AM codes.19
Charlson score has been shown to be a strong predictor of clinical outcomes in patients with CKD.20 In this study, the Charlson comorbidity
score was modiﬁed to exclude diabetes and age, as these were considered as separate variables.21

2.4. Statistical analysis
Data were analysed with Stata software V·14·2 (StataCorp, College
Station, TX, USA). Baseline characteristics were reported as medians
and interquartile ranges (continuous characteristics) or counts and percentages (categorical characteristics) and compared between the diabetes categories using Kruskal-Wallis or Chi-squared/Fisher's exact tests
respectively.
Logistic regression was used to estimate the maximum likelihood of
development of renal outcomes given glycaemic state. Suitably selected
subset of a priori chosen adjustment covariates included HbA1c, age,
gender, systolic blood pressure, Charlson co-morbidity score (excluding
age and diabetes), baseline eGFR (ml/min/1·73m2), time (in days) between ﬁrst and last test and haemoglobin (grams/l).
When assessing changes in eGFR (CKD-EPI) for all three outcomes,
age and gender were not included in adjustment covariates as these covariates are included in the CKD-EPI equation. Standard analysis of collinearity and model ﬁt were undertaken. A p value b0·05 was
considered as statistically signiﬁcant.
Margins of predictive probability for the deﬁned primary renal outcomes adjusted for covariates including baseline eGFR, follow-up time,
Charlson comorbidity score, systolic blood pressure and haemoglobin
were calculated and then plotted. Analysis were performed both using
diabetes status classiﬁed as yes/no diabetes and with HbA1c as a continuous variable.
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Fig. 1. Patients included in the study. Flowchart of study proﬁle according to inclusion and exclusion criteria. Patients excluded for “missing data” did not have blood pressure recordings.

3. Results
Following exclusion of patients who met exclusion criteria or with
missing data (Fig. 1), 4126 study patients were identiﬁed. The followup period was a median of 465 days (254, 740). The baseline characteristics of patients included and excluded were compared and were not
statistically different (Table 1).
The baseline characteristics of included patients with diabetes and
no diabetes are shown in Table 2. During their index admission, 26% of
inpatients had diabetes and 59% were male. Median age was approximately 77 years for both groups. The median HbA1c in patients with diabetes was 7·4% (57·4 mmol/mol) and their Charlson score was higher.
The median interval between the ﬁrst and last measured creatinine and
eGFR in patients with diabetes and no diabetes was similar at
15 months.
Baseline renal characteristics and renal outcomes are summarized in
Table 3. Patients with diabetes had lower baseline eGFR and higher
Table 1
Baseline characteristics of patients included and excluded in study.
Characteristic
Male
Age (years) (IQR)
HbA1c (%) (mmol/L)
Baseline eGFR (mL/min/1·73m2)a
Haemoglobin(g/L)
Charlson scoreb

Included
(n = 4126)

Excluded
(n = 5174)

p-value⁎

55%
75 (66,83)
5·9 (5·5, 6·4)
73 (49, 90)
122 (106, 122)
1 (0,2)

56%
75 (65, 83)
5·9 (5·5, 6·4)
72 (46, 91)
120(104,134)
1 (0,2)

p = 0·46
p = 0·95
p = 0·93
p = 0·60
p = 0·31
p = 0·97

⁎ p-values were determined by Fisher's exact test for categorical variables and KruskalWallis for continuous variables.
a
eGFR, estimated glomerular ﬁltration rate derived using the Chronic Kidney DiseaseEpidemiology Collaboration equation formula.
b
Charlson comorbidity index - a validated method of weighting chronic medical conditions (the score for diabetes and age were excluded as they were analysed as a separate
variable). n = sample size. Data presented as medians with interquartile intervals.

baseline serum creatinine levels. Nineteen percent of the patients with
diabetes reached stage 4 CKD, over a median (IQR) follow-up period
of 487 days (262, 774) compared to 13% percent of patients without diabetes (p b 0·001).
Fig. 2 shows the association of diabetes and HbA1c with renal outcomes after adjustment for age (years), gender, Charlson comorbidity
index excluding diabetes and age, estimated glomerular ﬁltration rate
(mL/min/1·73m2), systolic blood pressure (mmHg), haemoglobin
(grams/l), and follow-up time (years).

3.1. N50% decline in eGFR
Following adjustments for systolic blood pressure, Charlson comorbidity score (excluding age and diabetes), baseline eGFR, time between ﬁrst and last test and haemoglobin, the presence of diabetes
was associated with higher odds of developing a N50% decline in eGFR

Table 2
Baseline characteristics.⁎, a
Characteristic
(n = 4126)

Diabetes
(n = 1084)

No diabetes
(n = 3042)

p-value*

Male (55%, n = 2259)
Age (years) (IQR)
HbA1c (%) (mmol/L)
Haemoglobin(g/L)
Systolic Blood Pressure (mmHg)
Interval between admissions (days)
Charlson scorea

59%
77 (69,84)
7·4 (6·8, 8·3)
126 (113, 139)
132 (120, 150)
487 (262, 774)
2 (1,3)

53%
78 (68, 86)
5·7 (5·5, 6)
129 (115,142)
135 (120,150)
458 (251, 728)
1 (0,2)

p b 0·001
p = 0·05
p b 0·001
p b 0.001
p = 0·07
p = 0·07
p b 0·001

⁎ p-values were determined by Fisher's exact test for categorical variables and KruskalWallis for continuous variables.
a
Charlson comorbidity index - a validated method of weighting chronic medical conditions (the score for diabetes and age were excluded as they were analysed as a separate
variable). n = sample size. Data presented as medians with interquartile intervals.
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Table 3
Baseline renal parameters and unadjusted renal outcomes.⁎, a, b
Characteristic
(n = 4126)

Diabetes
(n = 1084)

No diabetes
(n = 3042)

p-value*

Baseline eGFRa (mL/min/1·73m2)
Final eGFR (mL/min/1·73m2)
Absolute change in eGFR per year (mL/min/1·73m2)
Overall Percentage change in eGFR (%)b
Final eGFR b 30(mL/min/1·73 m2)

68 (45, 87)
47 (29, 69)
−16 (−27, −6)
−23 (−42, −8)
206 (19%‡)

79 (60, 92)
60 (40, 79)
−14 (−26, −4)
−19 (−36, −6)
413 (13%)

p b 0·001
p b 0·001
p = 0·04
p b 0·001
p b 0·001

⁎ p-values were determined by Fisher's exact test for categorical variables and Kruskal-Wallis for continuous variables.
a
eGFR, estimated glomerular ﬁltration rate derived using the Chronic Kidney Disease-Epidemiology Collaboration equation formula.
b
Percentage calculated per category. Data presented as medians with interquartile intervals.

(OR = 1·42; 95%CI: 1·18–1·70; p b 0·001) (Fig. 2). Every 1% increase in
HbA1c levels was associated with higher odds of developing a N50% percentage decline in eGFR (OR = 1·07; 95% CI:1·01–1·4; p b 0·05) (Fig.
2).
Patients with diabetes and a baseline eGFR ≥45 ml/min/1·73m2 had
a higher predicted adjusted probability of having a N50% decline in eGFR
overtime compared to those with no diabetes. This was greatest for
those with baseline eGFR between 60 and 90 ml/min/1·73m2 and at a
follow-up of 1–2 years (Fig. 3).
3.2. Rapid decline in renal function
After adjusting for systolic blood pressure, Charlson co-morbidity
score, baseline eGFR, time between ﬁrst and last test and haemoglobin
and undertaking standard assessment of collinearity, the presence of diabetes was associated with higher odds of rapid decline in renal function (OR = 1·40; 95% CI: 1·20–1·63; p b 0·001) (Fig. 2). Moreover,
every 1% increase in HbA1c levels was associated with higher odds of
rapid decline in renal function (OR = 1·11; 95% CI:1·05–1·18; p b
0·001). While the overall predicted probability of rapid decline in
renal function decreased over time in both groups, the greatest difference between patients with diabetes and no diabetes was seen in the
1 to 2-year follow-up period (Fig. 3).
3.3. Final eGFRb30 ml/min/1·73m2
When adjusted for systolic blood pressure, Charlson co-morbidity
score, baseline eGFR, time between ﬁrst and last test and haemoglobin,
the presence of diabetes was associated with higher odds of reaching a
ﬁnal eGFRb30 ml/min/1·73m2 (OR = 1·25; 95% CI:1·03–1·53; p b

0·05) (Fig. 2). No signiﬁcant association was seen between HbA1c levels
and developing a ﬁnal eGFRb30 ml/min/1·73m2 (OR = 1·02, 95% CI:
0·94–1·09; p = 0·57) (Fig. 2).
4. Discussion
4.1. Main ﬁndings
We investigated the association between glycaemic status and renal
functional decline over the medium term in a prospective observational
study of 4126 in-patients with multiple hospital admissions. We found
that the presence of diabetes was strongly and consistently associated
with a greater decline in renal function over time. Moreover, we found
that higher HbA1c levels were associated with higher odds of decline
in renal function. Finally, we showed that such ﬁndings were consistent
for several key renal outcomes including a N50% decline in eGFR; the development of a rapid decline in renal function (eGFR declineN5 ml/min
per 1·73 m2 per year) and reaching a ﬁnal eGFRb30 ml/min per 1·73 m2
in in-patients with at least two hospital admissions.
4.2. Relationship to previous studies
We used routine HbA1c testing together with a previous diagnosis of
diabetes to deﬁne glycaemic status. Glycosylated haemoglobin (HbA1c)
is the test of choice in the hospital inpatient cohort to detect diabetes22
as HbA1c measurements are less likely to be affected by short term
glycaemic variability. However, HbA1c levels have not been investigated as a co-variable to assess the association of glycaemic status and
adverse renal outcomes following an inpatient admission. In advanced
CKD the value of HbA1c may be less sensitive to detect associations

Fig. 2. Association of diabetes and HbA1c with renal outcomes. Results of the logistic regression analyses, adjusted for age (years), gender, Charlson comorbidity index excluding diabetes
and age, Chronic Kidney Disease Epidemiology Collaboration equation estimated glomerular ﬁltration rate (mL/min/1.73 m2), systolic blood pressure, haemoglobin, follow-up time
(years) are demonstrated. Abbreviations: eGFR = estimated glomerular ﬁltration rate (mL/min/1.73 m2); aOR = odds ratio, applicable to categorical variables; aIRR = incidence rate
ratio, applicable to continuous variables.
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Fig. 3. Adjusted predicted probabilities (with 95% CI) of reaching deﬁned renal outcomes. (a, b) The ﬁgure is generated from the results of calculation of margins of adjusted predictive
probability (with 95% CI) of rapid renal function decline. (a) Patients with diabetes (red) have 42% higher odds having N50% decline in eGFR over the study period, compared to the
group with no diabetes (blue). (b) All patients with diabetes (red) continued to have a higher predicted probability of rapid decline in renal function regardless of their baseline eGFR,
but this was highest in patients with baseline eGFR ranging between 45 and 60 ml/min/1·73m2. (c, d) Adjusted predicted probability (with 95% CI) of developing N50% decline in
eGFR. (c) Patients with diabetes (red) have 42% higher odds having N50% decline in eGFR over the study period, compared to the group with no diabetes (blue). (d) Patients with
diabetes (red) and a baseline eGFR equal and N45 ml/min/1·73m2 demonstrated to have a signiﬁcantly higher predicted probability of having N50% decline in eGFR overtime
compared to no diabetes. This was greatest with baseline eGFR between 60 and 90 ml/min/1.73m2 and at a follow-up of 1–2 years.

with renal outcomes as HbA1c may be limited by impaired glucose metabolism, marked reduction in insulin clearance, use of erythropoiesis
stimulating medications and chronic anaemia. Despite this, we were
able to demonstrate associations between both the presence of diabetes
as well as with HbA1c level as a continuous variable and renal outcome.
4.3. Study implications
Our ﬁndings imply that, in a population of general ward patients
with multiple hospital admissions, the presence of diabetes and of an elevated HbA1c provide strong identiﬁers for increased risk of rapid renal
functional deterioration over a period of slightly more than a year.
Moreover, they imply that in patients with diabetes are a high-risk population which may represent an appropriate target group for trials of
speciﬁc kidney protective interventions. Finally, in their aggregate,
they imply that if such interventions were to be applied they should
target all patients with diabetes.

4.4. Strengths and limitations
The strengths of the current study include its prospective nature, a
large sample size and use of HbA1c as a continuous variable and renal
parameter measurements. Moreover, the access to HbA1c levels eliminated the possible effects of short term increases of blood sugar levels
in the acutely ill inpatient population, so called “stress hyperglycaemia”.
Furthermore, the independent association of diabetes and HbA1c on developing poor renal outcomes in a large inpatient cohort was investigated by adjusting for key patient related factors including age,
gender, baseline renal function, systolic blood pressure, Charlson comorbidity index and haemoglobin. Although, multiple deﬁnitions have
been proposed to describe rapid decline in renal function, our selection
of multiple renal outcomes and the consistent associations between
these outcomes and glycaemic status with diagnosis of diabetes as a categorical outcome and HbA1c levels as a continuous outcome lend robustness to our observations.
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Limitations of this study are its observational nature and the possible
presence of confounders, which were unaccounted for, such as presence
of other conditions, which may affect renal function. However, we believe that the Charlson comorbidity index, age, and renal function
used were robust markers of each patient's preadmission status and
consider it unlikely that additional variables would have materially altered our observations. Furthermore, due to the study population
being limited to inpatients aged 54 years and above, our ﬁndings may
not apply to younger inpatients; however, only small proportion of
the hospital inpatient population in Australia are aged b54 years.23
While glycosylated haemoglobin (HbA1c) is the test of choice to detect
diabetes in the hospital inpatient cohort, we acknowledge the potential
limitations of HbA1c with its validity being affected by anaemia,
haemoglobinopathies and reduction of glycated haemoglobin formation in patients with CKD.24 We addressed this issue by including
haemoglobin as one of the major adjustment covariates in our analysis.
We also acknowledge that we did not have access to blood glucose measurements in this cohort but previous studies have demonstrated a linear relationship between HbA1c and capillary glucose readings in the
inpatient population25. Finally, despite a relatively short follow up period of the current study, we were consistently able to demonstrate adverse outcomes in those with diabetes or by using HbA1c as a
continuous variable.
5. Conclusion
In this large prospective cohort study, we evaluated the independent
association between baseline glycaemic status deﬁned using HbA1c,
with decline in renal function over a little more than a year in patients
with multiple admissions to a tertiary referral hospital. We found that
the presence of diabetes and higher HbA1c levels were strongly and independently associated with adverse renal outcomes at follow up. Such
patients are at high risk of relatively rapid deterioration in renal function and are a logical target for structured preventive interventions.
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