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ABSTRACT
Introduction  This study aimed to determine the 
prevalence of diabetic kidney disease (DKD) and rapid 
renal function decline and to identify indices associated 
with this decline among adults attending a diabetes center 
in Northern Europe.
Research design and methods  This is a retrospective 
cohort study of 4606 patients who attended a diabetes 
center in Ireland between June 2012 and December 
2016. Definition/staging of chronic kidney disease used 
the Kidney Disease: Improving Global Outcomes (KDIGO) 
2012 classification based on data from the most recently 
attended appointment. Relevant longitudinal trends and 
variabilities were derived from serial records prior to index 
visit. Rapid renal function decline was defined based 
on per cent and absolute rates of estimated glomerular 
filtration rate (eGFR) change. Multiple linear regression 
was used to explore the relationships between explanatory 
variables and per cent eGFR change.
Results  42.0% (total), 23.4% (type 1 diabetes), 47.9% (type 
2 diabetes) and 32.6% (other diabetes) had DKD. Rapid 
decline based on per cent change was more frequent in type 
2 than in type 1 diabetes (32.8% vs 14.0%, p<0.001). Indices 
independently associated with rapid eGFR decline included 
older age, greater number of antihypertensives, higher log-
normalized urine albumin to creatinine ratio (LNuACR), serum 
alkaline phosphatase, thyroid stimulating hormone, variability 
in systolic blood pressure and variability in LNuACR, lower 
glycated hemoglobin, high-density lipoprotein cholesterol and 
diastolic blood pressure, and lack of ACE inhibitor/angiotensin 
receptor blocker prescription.
Conclusions  DKD (using the KDIGO 2012 classification) 
and rapid eGFR decline were highly prevalent among adults 
attending a hospital-based diabetes clinic in a predominantly 
Caucasian Northern European country. The burden was greater 
for adults with type 2 diabetes. Expected as well as potentially 
novel clinical predictors were identified.

INTRODUCTION
Up to 451 million adults worldwide have 
diabetes mellitus (DM).1 This is expected to rise 
to 693 million adults by 2045.1 DM is the leading 

cause of chronic kidney disease (CKD) in the 
developed world,2 accounting for 30%–50% of 
all people with CKD.3 CKD due to DM, referred 
to as diabetic kidney disease (DKD), is defined as 
abnormal renal function (estimated glomerular 
filtration rate (eGFR) <60 mL/min/1.73 m2) 
and/or the presence of persistent albuminuria 

Significance of this study

What is already known about this subject?
►► Diabetes mellitus is the leading cause of chronic kid-
ney disease in the developed world.

►► Potentially modifiable risk factors include poor gly-
cemic control, hypertension, hypercholesterolemia, 
smoking, obesity, sedentary lifestyle, metabolic syn-
drome and insulin resistance.

What are the new findings?
►► Diabetic kidney disease was identified in 42% 
of adults with diabetes (23.4% (type 1 diabetes), 
47.9% (type 2 diabetes) and 32.6% (other diabetes)).

►► 14.3% and 28.5% of patients with diabetes were 
classified as ‘rapid decliners’ based on absolute and 
per cent rate of decline, respectively. In addition to 
established risk factors, less well-recognized risk 
associations for renal functional decline (variability 
in systolic blood pressure and urine albumin to cre-
atinine ratio, alkaline phosphatase and thyroid stim-
ulating hormone) were identified.

How might these results change the focus of 
research or clinical practice?

►► The relatively high prevalence of diabetic kidney 
disease and ‘rapid decliners’ in a well-managed co-
hort of adults with diabetes highlights the need for 
urgent public health intervention and for optimiza-
tion of diabetic kidney disease prevention/treatment 
strategies.

►► Novel risk associations may provide new therapeutic 
targets, but further study is warranted.
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(urine albumin to creatinine ratio (uACR) >3 mg/mmol).4 
The reported prevalence of DKD among individuals with 
DM varies by region and type of DM: 27.9% (type 2 diabetes 
mellitus, T2DM) in Spain,5 32.4% (type 1 diabetes mellitus, 
T1DM)/42.3% (T2DM) in the UK,6 47.0% (T2DM) in 
France7 and 63.9% (T2DM) in Shanghai, China.8 While this 
is, in part, due to true variance in the prevalence of DKD 
among different populations, it also reflects the heteroge-
neity of the populations under study (T1DM vs T2DM vs 
DM due to other causes; primary vs secondary care; medical 
insurance fund vs national databases), the equations used 
to calculate eGFR,9 the availability of laboratory services to 
routinely measure serum creatinine and urinary albumin, 
and the lack of uniformity in defining DKD. There are no 
accurate prevalence data for DKD in Ireland; previous 
reports focused on the prevalence of self-reported DKD10 or 
audits of albuminuria.11

DKD is the leading cause of end-stage renal disease 
(ESRD)12 and is associated with most of the excess 
all-cause and cardiovascular mortality in patients 
with DM.13 In the National Health and Nutri-
tion Examination Survey (NHANES) III, 10-year 
cumulative standardized mortality increased from 
7.7% among patients without DM/kidney disease 
to 11.5% among patients with T2DM but without 
kidney disease, to 31.1% among patients with T2DM 
and kidney disease.14 Patients who progress to ESRD 
have an approximately 20% annualized mortality 
rate.15 In the Finnish Diabetic Nephropathy (Finn-
Diane) study, participants with T1DM but no CKD 
have a standardized mortality ratio similar to that of 
the general population, irrespective of duration of 
diabetes, whereas increasing severity of DKD is asso-
ciated with increased all-cause mortality.16 Known 
potentially modifiable risk factors include poor 
glycemic control, hypertension, hypercholesterol-
emia, smoking, obesity, poor socioeconomic circum-
stances, sedentary lifestyle, metabolic syndrome, 
insulin resistance, vitamin D deficiency and recur-
rent episodes of acute kidney injury.13 Regional vari-
ations of these risk factors exist due to differences 
in culture, prescribing practices and available ther-
apies. Moreover, for reasons that remain incom-
pletely understood, progression rates of DKD (rate 
of decline/time to ESRD) are highly variable among 
cohorts of people with DM. There is also consider-
able heterogeneity in the methodology used to calcu-
late the rate of change of renal function itself (eg, 
absolute vs percentage change).17 Tools for the early 
identification of patients at risk of rapid progression 
to ESRD would permit a more aggressive targeted 
multidisciplinary approach to renal and cardiovas-
cular protection as well as better-designed clinical 
trials of novel interventions.

The main aims of this study were to define the prev-
alence of DKD and rapid renal functional decline 
among adults attending a hospital-based diabetes 
center in Northwestern Europe and to determine the 

clinical and laboratory indices associated with this 
decline.

METHODS
Study design
A retrospective cohort study was carried out. All patients 
who attended an outpatient DM clinic at the Galway 
University Hospitals (GUH) Diabetes Center between 
June 2012 and December 2016 were identified from 
DIAMOND (Hicom, Woking, UK), an electronic clinical 
DM database.18 During the study period, clinical practice 
in the primary care catchment area was to refer patients 
with newly diagnosed DM to GUH for ongoing manage-
ment. The inclusion criteria were a diagnosis of DM and 
age ≥18 years at the time of study enrollment. The exclu-
sion criteria were a primary diagnosis of gestational DM, 
impaired glucose tolerance or impaired fasting glucose.

Data collection at last attended clinic visit
Index data were collected at the last attended clinic 
visit on record. Clinical demographics, body mass index 
(BMI), systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were recorded. Type (T1DM, T2DM, 
other forms of DM) and duration of DM (as recorded on 
the electronic patient database) as well as current medi-
cations were noted. The number of antihypertensives was 
calculated as the number of different classes of antihy-
pertensive agents prescribed at last attended clinic visit.

Laboratory data
Index laboratory data (the value for each laboratory 
parameter closest to the clinic date) were obtained 
following interrogation of GUH electronic patient 
administration system. Values for plasma glycated hemo-
globin (HbA1c), serum creatinine, alkaline phosphatase 
(ALP), alanine aminotransferase (ALT), total choles-
terol, high-density lipoprotein cholesterol (HDL-C), free 
thyroxine (T4) and thyroid stimulating hormone (TSH) 
and uACR were recorded. eGFR was calculated using the 
four-parameter Chronic Kidney Disease Epidemiology 
(CKD-EPI) formula.19 The value for eGFR closest to the 
index clinic visit was designated the index eGFR. The first 
available eGFR in the 6 years preceding the index visit was 
designated the baseline eGFR. Creatinine was measured 
using the isotope dilution mass spectrometry-traceable 
creatininase assay. Electrolytes, urinary creatinine and 
lipids were measured using conventional Roche Diagnos-
tics assays (ISO 15189:2012 standards).

Variability in clinical and laboratory indices
For SBP, DBP and BMI, all values on DIAMOND from 
2004 to the index clinic date were recorded. For HbA1c, 
uACR, total cholesterol and HDL-C, all laboratory 
values for the 6 years prior to the index clinic date were 
recorded. Variability in each value for each participant 
was expressed as SD and was calculated for participants 
for whom ≥2 values were available. To adjust for intra-
individual differences in the number of measurements 
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of each variable available, the adjusted SD was calculated 
for each variable using the formula: SD/√[n/(n−1)].20

Rate of change in renal function
To calculate rate of change in renal function, eGFR was 
calculated for all creatinine values during the 6 years 
prior to the index clinic date. Linear mixed-effects 
models (incorporating random within-subject trajecto-
ries of eGFR over time) were used to generate individual-
specific eGFR slopes. These models were applied to 
untransformed eGFR measurements to estimate absolute 
change in eGFR (mL/min/1.73 m2/year), and to log-
transformed eGFR measurements to estimate percentage 
change (% change per year). These slopes represent 
the change in renal function over time for each partici-
pant incorporating all eGFR measurements. Progressive 
decline in renal function among participants with DM 
(decliners) was defined as either an absolute reduction 
in eGFR per year of ≥3.5 mL/min/1.73 m2/year21 or 
proportionate eGFR loss per year of >3.3%.22 The Kidney 
Failure Risk Equation (KFRE) was used to calculate the 
5-year probability of progression to ESRD requiring treat-
ment with dialysis or transplant in patients with eGFR 
<60 mL/min/1.73 m2.23

Definition and classification of DKD
Among participants meeting the inclusion criteria, DKD 
was defined as uACR >3 mg/mmol and/or eGFR <60 mL/
min/1.73 m23 15 at the time of enrollment. For classifi-
cation and risk stratification of CKD, participants were 
subgrouped according to the Kidney Disease: Improving 
Global Outcomes (KDIGO) 2012 Clinical Practice Guide-
line for the Evaluation and Management of Chronic 
Kidney Disease classification system, which groups CKD 
by glomerular filtration rate and albuminuria categories4 
(figure  1) and according to DM etiology (all, T1DM, 
T2DM, other DM).

Statistical analyses
Microsoft Excel V.2016, GraphPad Prism (V.6.01), 
Minitab V.17.1.0 and R24 were used for data recording 
and statistical analyses. Participants who were receiving 

renal replacement therapy (RRT), had undergone kidney 
transplant or in whom either eGFR or uACR values were 
unavailable were included only for calculating the prev-
alence of DKD. Multiple linear regression models were 
used to explore the relationships between explanatory 
variables and response variables (% change in eGFR per 
year). Binary logistic regression analyses were performed 
using decliner status (−3.3% eGFR/year) or uACR >3 mg/
mmol as the dependent variables. Four models each for 
multiple linear and logistic regression analyses were 
used: model 1: relevant biochemical and urinary indices; 
model 2: relevant clinical indices; model 3: variability 
indices; model 4: stepwise regression using all indices 
from models 1 to 3 (α to enter=0.15; α to remove=0.15). 
For the regression models, changes in renal function 
were assessed on the logarithmic rather than the abso-
lute scale as log-eGFR is more likely to be normally 
distributed and to have linear within-patient trajectories 
compared with untransformed eGFR. Furthermore, the 
use of percentage change rather than absolute change 
was preferred on the basis that the biological/clinical 
significance of an absolute change in eGFR is depen-
dent on starting eGFR. Patients with missing data were 
excluded from the regression analyses. A p value <0.05 
was considered statistically significant.

RESULTS
A total of 4604 adults with DM met the study inclusion 
criteria (T1DM 22.8% (n=1051), T2DM 75.3% (n=3467), 
other DM 1.9% (n=86)). The etiologies for the other DM 
category are listed in online supplemental table 1.

Prevalence of DKD and DKD-associated risk among study 
participants
In total, 42.0% (total cohort), 23.4% (T1DM), 47.9% 
(T2DM) and 32.6% (other DM) had DKD. A greater 
proportion of participants with T2DM than T1DM had 
DKD (p<0.001). Classification of CKD based on the 
KDIGO 2012 Clinical Practice Guideline4 for the total 
cohort and for T1DM, T2DM and other DM subgroups 
is shown in figure  2A–D (complete numerical data 

Figure 1  Prognosis of diabetic kidney disease by eGFR and albuminuria category.4 eGFR, estimated glomerular filtration rate; 
uACR, urine albumin to creatinine ratio.

https://dx.doi.org/10.1136/bmjdrc-2021-002125
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presented in online supplemental table 2). Following 
exclusion of patients receiving RRT, postrenal transplant 
or in whom insufficient data were available to assign DKD 
subcategory, greater proportions of adults with T2DM 
were in the moderate-risk, high-risk and very high-risk 
CKD subcategories compared with those with T1DM 

(moderate: 23.1% vs 12.3%; high: 12.4% vs 5.4%; very 
high: 12.1% vs 4.6%; p<0.001).

Variations in clinical indices across DKD subcategories
For those patients who were not receiving RRT, postrenal 
transplant or had insufficient data to assign to a DKD 
subcategory (n=4464), trends for HbA1c, duration of DM, 
age, SBP, DBP, BMI, serum total cholesterol and serum 
HDL-C were determined across the KDIGO subcategories 
for the total cohort and separately for the T1DM and T2DM 
subgroups (online supplemental tables 3A–C–10A–C). 
The observed trends for the total cohort were generally in 
keeping with known associations and physiological effects 
of DKD.25 26 For example, mean values for HbA1c, SBP, DBP, 
total cholesterol and HDL-C reflected worsening glycemic, 
blood pressure (BP) and lipid parameters within the 
cohort as degree of albuminuria increased. Nonetheless, 
some separate findings for T1DM and T2DM subgroups 
were notable. For example, the median duration of DM 
in those with T1DM with more severe albuminuria and 
lower eGFR was shorter than in those with T2DM (online 
supplemental table 4B,C). Also, DBP tended to be higher 
with increasing grade of albuminuria among the T1DM 
but not the T2DM cohort (online supplemental table 
7B,C). Increasing severity of albuminuria was associated 
with increasing serum total cholesterol among the T1DM 
but not the T2DM cohort (online supplemental table 
9B,C). In addition, in all groups, HbA1c was highest among 
patients with eGFR ≥90 mL/min/1.73 m2 (p<0.001) and 
increased as stage of albuminuria progressed (p<0.001) 
(online supplemental table 3A). Fifty-nine (1.3%) partic-
ipants were non-Caucasian.

Rate of change of renal function/risk of ESRD
Sufficient data were available to calculate the rate of 
change in renal function in 87.25% (3894 of 4464) of 
participants. The median duration of time from base-
line eGFR value to index clinic visit was 5.48 (0.12–6.00) 
years. The proportions of participants defined as rapid 
decliners either based on absolute or per cent decline 
per year (table 1) and the calculated rates of decline in 
renal function (online supplemental tables 11A–D and 
12A–D) increased with higher eGFR category and degree 
of albuminuria. In the total cohort, 14.3% and 28.5% 
were classified as rapid decliners based on absolute and 
per cent rate of decline, respectively. In the case of per 
cent change, a strikingly higher proportion of patients 
with T2DM (32.8%) than T1DM (14.0%) were classified 
as rapid decliners (p<0.001). In contrast to the trends 
for rate of eGFR decline, when 5-year risk of ESRD was 
calculated for participants with index eGFR <60 mL/
min/1.73 m2 using the KFRE, a higher proportion of 
those with T1DM were categorized as high risk compared 
with those with T2DM (27.3% vs 11.4%, p<0.001) (online 
supplemental table 13).

Variables associated with per cent rate of change of eGFR
Multiple regression analyses were performed for the 
total cohort (table 2) and separately for those with T1DM 

Figure 2  (A) Prevalence of DKD among all patients with 
DM (n=146, 3.2% RRT, renal transplant or insufficient data to 
categorize). (B) Prevalence of DKD among patients with type 
1 DM (n=33, 3.1% RRT, renal transplant or insufficient data to 
subcategorize). (C) Prevalence of DKD among patients with 
type 2 DM (n=106, 3.1% RRT, renal transplant or insufficient 
data to subcategorize). (D) Prevalence of DKD among 
patients with other DM (n=7, 8.1% RRT, renal transplant or 
insufficient data to subcategorize). DKD, diabetic kidney 
disease; DM, diabetes mellitus; eGFR, estimated glomerular 
filtration rate; RRT, renal replacement therapy; uACR, urine 
albumin to creatinine ratio.
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and T2DM (online supplemental table 14A,B) to deter-
mine which indices were independently associated with 
percentage rate of change of eGFR. In the final step-
wise regression model (model 4), higher values for log-
normalized (LN)uACR (p<0.001), ALP (p=0.001), TSH 
(p=0.006), age (p<0.001), number of antihypertensive 
agents (p<0.001), variability in SBP (p=0.043) and vari-
ability in (LN)uACR (p=0.001), and lower values for 
HbA1c (p=0.003), ALT (p=0.0036), HDL-C (p<0.001) and 
DBP (p<0.001) and not being on an ACE inhibitor/an-
giotensin receptor blocker (ACEi/ARB) (p=0.002) were 
associated with more rapid decline in renal function.

Binary logistic regression models were applied to 
the total cohort to determine which indices were inde-
pendently associated with rapid decliner status (−3.3% 
decline in eGFR per year) (table 3). In the final model 
(model 4; table  3), higher total cholesterol (p=0.003), 
free T4 (p=0.012), TSH (p=0.016), age (p<0.001), 
number of antihypertensives (p<0.001), variability in 
HbA1c (p=0.006) and variability in (LN)uACR (p<0.001), 
and lower baseline eGFR (p<0.001), ALT (p=0.002), 
HDL-C (p<0.001) and DBP (p<0.001) increased the odds 
of being classified as a rapid decliner.

Variables associated with the presence of albuminuria (uACR 
>3mg/mmol)
A binary logistic regression model was used to identify 
factors associated with abnormal albuminuria (>3 mg/
mmol) (table  3). Using stepwise regression (model 4), 
as HbA1c (p<0.001), ALP (p=0.002), total cholesterol 
(p=0.009), SBP (p<0.001), number of antihypertensives 
(p=0.017) and variability in SBP (p=0.009) increased and 
as per cent change per year in eGFR (p<0.001), base-
line eGFR (p<0.001) and TSH (p=0.042) decreased, the 
odds of having an uACR >3 mg/mmol increased. Men 
(p<0.001) and those on ACEi/ARB (p=0.009) were more 
likely to have uACR >3 mg/mmol than women or those 
not on ACEi/ARB.

DISCUSSION
In our study, 42% of adults attending a hospital-based 
diabetes clinic in the West of Ireland had DKD. Based 
on the KDIGO 2012 subclassification, a greater propor-
tion of those with T2DM as opposed to those with T1DM 
had CKD associated with moderate to very high risk of 
adverse outcomes. There are limited published data on 
the prevalence of DKD in Ireland/Northern Europe. 
Comparisons between published studies are problematic 
as the prevalence of DKD is dependent on the sample 
from which the prevalence data were derived and on how 
DKD is defined. Patients with DM are at higher absolute 
risk of ESRD, all-cause and cardiovascular mortality than 
those who do not have DM across the different stages of 
kidney disease.27 The prevalence data reported in our 
study in conjunction with the known adverse outcomes 
of DKD highlight the public health importance and need 
to optimize DKD prevention/treatment strategies.%

 c
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Table 3  Binary logistic regression models with decliner (%) and uACR >3 mg/mmol as response variables for all DM

Variable

Decliner (%) uACR >3 mg/mmol

OR P value OR P value

Model 1 1099 vs 2759* 1161 vs 2687*

 � LNuACR (mg/mmol) 1.3 (1.24, 1.36) <0.001 N/A

 � % change per year in eGFR N/A 0.9 (0.88, 0.92) <0.001

 � HbA1c (mmol/mol) 0.99 (0.99, 1) 0.006 1.02 (1.01, 1.02) <0.001

 � Baseline eGFR (per 10 mL/min/1.73 m2) 0.79 (0.76, 0.82) <0.001 0.82 (0.79, 0.85) <0.001

 � ALP (U/L) 1 (1, 1) 0.049 1 (1, 1.01) <0.001

 � ALT (U/L) 0.99 (0.99, 1) 0.001 1 (1, 1) 0.669

 � Cholesterol (mmol/L) 1.05 (0.97, 1.13) 0.195 1.06 (0.99, 1.14) 0.097

 � HDL (mmol/L) 0.52 (0.43, 0.64) <0.001 0.69 (0.57, 0.82) <0.001

 � Free T4 (pmol/L) 1.03 (1, 1.05) 0.059 0.99 (0.96, 1.01) 0.332

 � TSH (mIU/L) 1.07 (1.03, 1.11) <0.001 0.98 (0.95, 1.01) 0.22

Model 2 1056 vs 2689* 1277 vs 2971*

 � Age (per 10 years) 1.38 (1.28, 1.49) <0.001 1.13 (1.06, 1.21) <0.001

 � LN duration of DM (years) 1.02 (1.01, 1.03) 0.003 1.01 (1, 1.02) 0.09

 � BMI (kg/m2) 1.02 (0.97, 1.07) 0.357 1.07 (1.03, 1.13) 0.002

 � SBP (per 10 mm Hg) 1.05 (1, 1.11) 0.051 1.18 (1.13, 1.24) <0.001

 � DBP (per 10 mm Hg) 0.82 (0.74, 0.9) <0.001 1.02 (0.94, 1.12) 0.58

 � Number of antihypertensives 1.38 (1.28, 1.48) <0.001 1.31 (1.22, 1.4) <0.001

 � Male vs female 0.89 (0.76, 1.04) 0.13 1.1 (0.96, 1.27) 0.182

 � Non-Caucasian vs Caucasian 1.42 (0.68, 2.97) 0.346 1.31 (0.71, 2.41) 0.393

 � Type of DM (1 vs other) 0.51 (0.28, 0.92) 0.073 0.82 (0.46, 1.44) 0.71

 � Type of DM (2 vs other) 0.54 (0.31, 0.94) 0.88 (0.51, 1.53)

 � Type of DM (2 vs 1) 1.05 (0.8, 1.38) 1.08 (0.85, 1.37)

 � ACEi/ARB (yes vs no) 0.68 (0.55, 0.84) <0.001 0.92 (0.76, 1.1) 0.358

Model 3 859 vs 2085* 983 vs 2258*

 � Adj SD BMI 1.01 (0.93, 1.09) 0.841 0.99 (0.92, 1.07) 0.813

 � Adj SD SBP 1.06 (1.03, 1.08) <0.001 1.09 (1.07, 1.11) <0.001

 � Adj SD DBP 1.02 (0.97, 1.06) 0.461 1.03 (0.99, 1.06) 0.163

 � Adj SD HbA1c 1.01 (0.99, 1.02) 0.287 1.02 (1.01, 1.03) <0.001

 � LN adj SD uACR 1.37 (1.3, 1.44) <0.001 N/A

 � Adj SD cholesterol 1.08 (0.86, 1.35) 0.525 1.08 (0.88, 1.33) 0.47

 � Adj SD HDL 0.17 (0.06, 0.48) 0.001 0.38 (0.15, 0.95) 0.038

Model 4† 848 vs 2067* 907 vs 2175*

 � LNuACR (mg/mmol) 1.13 (1.04, 1.23) 0.005 N/A

 � % change per year in eGFR 0.92 (0.9, 0.94) <0.001

 � HbA1c (mmol/mol) 1.02 (1.01, 1.02) <0.001

 � Baseline eGFR (per 10 mL/min/1.73 m2) 0.87 (0.83, 0.92) <0.001 0.83 (0.8, 0.87) <0.001

 � ALP (U/L) 1 (1, 1.01) 0.002

 � ALT (U/L) 0.99 (0.98, 1) 0.002

 � Cholesterol (mmol/L) 1.15 (1.05, 1.27) 0.003 1.13 (1.03, 1.24) 0.009

 � HDL (mmol/L) 0.6 (0.47, 0.76) <0.001 0.84 (0.67, 1.04) 0.115

 � Free T4 (pmol/L) 1.04 (1.01, 1.08) 0.012 0.97 (0.94, 1) 0.067

 � TSH (mIU/L) 1.05 (1.01, 1.09) 0.016 0.96 (0.93, 1) 0.042

 � Age (per 10 years) 1.22 (1.1, 1.35) <0.001

Continued
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The prevalence of DKD in our cohort is at the upper 
end of that reported for European and American adults. 
In studies among comparably sized cohorts predomi-
nantly of patients with T2DM from the UK, Italy, Spain, 
France, Finland and the USA, the prevalence of DKD 
varied from 23% to 69%.5–7 28–31 When making compari-
sons, the nature and management characteristics of the 
cohorts studied must be taken into account (eg, primary 
vs secondary care). Even acknowledging the variable 
prevalence reported from diverse geographical regions, 
our study focuses attention on DKD as a frequent, often 
underappreciated complication of DM which is associ-
ated with an even greater burden of complications and 
adverse patient outcomes if not managed from an early 
stage. It should be noted that our results reflect the 
prevalence of DKD and adverse renal trajectories in a 
patient cohort with access to multidisciplinary specialist 
care. At our institution, a diabetes renal clinic was estab-
lished to optimize care for patients at risk of progressive 
DKD. Patients attending this clinic are seen by both an 
endocrinologist and nephrologist. While to date our 
clinic has resulted in no change in the rate of absolute 
decline in renal function before and after attending 
the clinic for patients with T1DM, the rate of absolute 
decline has decreased for patients with T2DM or those 
with DM and additional CKD etiologies.32 The diabetes 
renal clinic improves care for patients with DKD, facil-
itates earlier interventions with targeted therapies such 
as sodium-glucose co-transporter 2 (SGLT2) inhibitors33 

and glucagon-like peptide 1 (GLP-1) receptor agonists,34 
and promotes access to new therapy trials.

In the total cohort, 28.5% and 14.3% were classified 
as ‘rapid decliners’ based on per cent and absolute rate 
of eGFR decline, respectively. The frequency of rapid 
decline was higher for T2DM than for T1DM. Consistent 
with results published in Japan35 and the USA,36 DKD 
itself was more common among patients with T2DM 
compared with T1DM. Although reported/known dura-
tion of DM appeared shorter in adults with T2DM, it has 
been well established that there is a substantial delay 
(>6 years) between onset and diagnosis.37 Irrespective 
of DM type, the severity of albuminuria increased and 
eGFR decreased as duration of DM increased. Patients 
with T2DM were older, and, as renal function declines 
with age,38 this may have contributed to the more 
advanced DKD observed in those patients. Predictably, 
greater albuminuria was associated with worse glycemic, 
BP and lipid parameters and higher BMI. As eGFR 
declined, SBP increased, suggesting that BP control in 
particular was suboptimal in advanced kidney disease—
the subset at greatest risk of cardiovascular mortality.39 
Poor SBP control in this context may be multifactorial 
and reflects difficulties in adequately controlling BP in 
progressive DKD, poor medication adherence and/or 
less stringent SBP targets in patients with comorbidities 
and/or advancing age. In patients with T1DM, HbA1c was 
above target in all KDIGO subcategories and, in patients 
with T2DM, was typically above target in the subgroups 

Variable

Decliner (%) uACR >3 mg/mmol

OR P value OR P value

 � BMI (kg/m2) 1.01 (1, 1.03) 0.098

 � SBP (per 10 mm Hg) 1.16 (1.11, 1.23) <0.001

 � DBP (per 10 mm Hg) 0.82 (0.74, 0.91) <0.001

 � Number of antihypertensives 1.21 (1.11, 1.32) <0.001 1.13 (1.04, 1.23) 0.004

 � Male vs female 1.03 (1.02, 1.05) <0.001

 � Type of DM (1 vs other) 0.39 (0.19, 0.77) 0.026

 � Type of DM (2 vs other) 0.44 (0.23, 0.86)

 � Type of DM (2 vs 1) 1.15 (0.83, 1.59)

 � ACEi/ARB (yes vs no) 0.8 (0.62, 1.02) 0.071 1.02 (1, 1.03) 0.009

 � Adj SD SBP 1.28 (1.06, 1.55) 0.009

 � Adj SD HbA1c 1.02 (1.01, 1.04) 0.006 1.24 (0.99, 1.57) 0.065

 � LN adj SD uACR 1.18 (1.1, 1.27) <0.001 N/A

Multivariate model 1: relevant biochemical and urinary indices; multivariate model 2: relevant clinical indices; multivariate model 3: variability 
indices; multivariate model 4: stepwise regression using relevant biochemical, urinary, clinical and variability indices. In total, provided all 
data were available, 3894 and 4464 participants were eligible for inclusion in the decliner (%) and uACR >3 mg/mmol models, respectively. 
Statistically significant p-values are highlighted in bold.
*Event vs non-event.
†Includes all variables in models 1–3; non-significant variables in all three categories not listed.
ACEi, ACE inhibitor; Adj SD, adjusted SD; ALP, alkaline phosphatase; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; BMI, 
body mass index; Cholesterol, total cholesterol; DBP, diastolic blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular filtration 
rate; Free T4, thyroxine; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LN, log-normalized; N/A, not applicable; SBP, systolic 
blood pressure; TSH, thyroid stimulating hormone; uACR, urine albumin to creatinine ratio.

Table 3  Continued



10 BMJ Open Diab Res Care 2021;9:e002125. doi:10.1136/bmjdrc-2021-002125

Pathophysiology/complications

in whom albuminuria was greatest. The UK National 
Diabetes Audit also found that significant proportions 
of participants failed to meet glycemic (T1DM > T2DM) 
and BP targets.6 As shown in previous studies,26 more 
advanced DKD is associated with a lower HDL-C profile. 
The adverse metabolic phenotype associated with DKD 
highlights the need for more aggressive, targeted and 
personalized risk reduction strategies such as multidisci-
plinary diabetes renal clinics.32

There is ongoing debate regarding the most clinically 
relevant method of expressing rate of change in renal 
function. For example, the absolute annual loss of renal 
function will differ substantially for a patient with 10% 
eGFR decline per year if the starting eGFR is 90 mL/
min/1.73 m2 compared with 30 mL/min/1.73 m2.40 
Furthermore, rate of change itself is impacted by the 
number of eGFR values available and the period over 
which rate of change is calculated. Finally, there is no 
consensus regarding which rates of eGFR loss constitute 
rapid versus expected decline with age.17 In our study, we 
used linear mixed-effects models (incorporating random 
within-subject trajectories of eGFR over time) to provide 
a best estimate of rate of change. Despite these points 
of contention, knowledge of the rate of change in renal 
function is as important as current KDIGO classification 
in informing clinical management of DKD. For example, 
clinically significant increase in time to RRT can occur by 
reducing the rate of renal decline by 1 mL/min/1.73 m2/
year.41 Rate of change in renal function is not readily avail-
able on most electronic patient data systems, hindering a 
physician’s ability to identify those currently undergoing 
rapid decline.

Our results indicate that decline in renal function or 
being classified as a decliner is associated with multiple 
known, potentially modifiable risk factors (uACR, total 
cholesterol, HDL-C, age, DBP). By identifying those with 
a current rapid rate in renal function decline, intensive 
targeted risk factor management strategies can be put 
in place. The higher proportions of adults classified as 
KDIGO G1/G2 that were defined as rapid decliners based 
on percentage compared with absolute eGFR change per 
year suggest that earlier referral to nephrology care and 
preferential clinical trial targeting of those with rapid 
proportionate decline may be important. Traditional 
hard renal endpoints for clinical trials such as time to 
ESRD/doubling of creatinine require large numbers 
of participants with a prolonged follow-up period to 
adequately power a study. Incorporating rate of decline in 
renal function into both inclusion criteria and outcome 
measures for clinical trials could lead to more effective 
studies.

Also of interest in our findings is the identification of 
less well-recognized risk associations for renal decline 
(variability in SBP/(LN)uACR/ALP/TSH). Variability in 
SBP was an independent determinant of renal function 
decline in patients with hypertension in a general cohort 
of Japanese participants without diabetes.42 43 Variability 
in 24-hour BP may be a marker of autonomic dysfunction 

or arterial stiffness.44 Many factors such as measurement 
error and adjusting medications (such as renin angio-
tensin aldosterone system blockade) can impact BP vari-
ability. Timing of and adherence to BP medications play 
a significant role. Reducing visit-to-visit variability in SBP 
may be a less well-recognized therapeutic intervention 
to slow the rate of decline in renal function.42 Greater 
variability in (LN)uACR reflects a greater change in 
uACR over the study period. While it may partly reflect 
progressively increasing albuminuria in those with more 
rapidly progressing DKD, its independent associations 
with rate of eGFR decline and rapid decliner status 
suggest that it merits further investigation as a clinical 
indicator of adherence to therapy or variances in DKD 
pathophysiology.

Our study shows that increasing ALP is associated with 
more rapid decline in renal function and the presence 
of albuminuria. ALP, an enzyme responsible for hydro-
lyzing pyrophosphate, is found in all body tissues, with 
high levels in the kidneys, bone and liver. Pyrophos-
phate is an important inhibitor of vascular calcification.45 
Serum ALP is a marker of arterial stiffness.46 Increased 
arterial stiffness is associated with more rapid decline in 
renal function47; thus, increased ALP may act as a marker 
of progressive renal artery calcification. In patients with 
T2DM and proteinuria, renal artery calcification inde-
pendently predicts onset of ESRD.48 Higher ALP is associ-
ated with an increased coronary artery calcification score 
in maintenance hemodialysis patients49—potentially a 
marker of cardiovascular risk. Higher average serum ALP 
levels for the 6 months prior to dialysis initiation are inde-
pendently and incrementally associated with increased 
mortality (all-cause, cardiovascular, infection-related).50 
In patients with biopsy-confirmed DKD and nephrotic-
range proteinuria, elevated serum ALP levels are inde-
pendently associated with poorer renal outcomes (ESRD 
or 50% decline in eGFR from baseline).51 In patients 
without diabetes with newly diagnosed untreated hyper-
tension, ALP is associated with a reduction in eGFR, 
potentially mediated through low-grade inflammation, 
endothelial dysfunction, vascular calcification and modu-
lation of BP.52 ALP may increase in response to low levels 
of active vitamin D that occur as renal function declines. 
Previous studies have shown that inhibition of tissue-non-
specific ALP in a rat aortic calcification model resulted in 
reduced vascular calcification,53 indicating that ALP may 
be a novel therapeutic target to prevent renal function 
decline/vascular calcification. Also, of interest, opposite 
to ALP, we found that decreasing ALT was associated with 
more rapid decline in renal function. Previous studies 
have found low levels of ALT in CKD, with ALT decreasing 
as CKD progressed.54 The pathophysiology of the reduc-
tion in ALT is poorly understood, requiring further inves-
tigation, but a reduction in pyridoxal-5’-phosphate may 
be contributory.55

Our study found an association between increased 
TSH and decline in renal function. The effect of thyroid 
dysfunction on the kidney is multifactorial: change 
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in water and electrolyte balance (especially sodium), 
alteration of the renin angiotensin aldosterone system, 
decreased renal blood flow and decreased eGFR.56 As 
eGFR declines, the prevalence of subclinical or clin-
ical hypothyroidism increases.57 58 In 24 patients with 
29 episodes of iatrogenic hypothyroidism, renal func-
tion was shown to improve following thyroid hormone 
replacement.59 In 113 patients with subclinical hypothy-
roidism and CKD, replacement with thyroid hormone 
reduced the rate of decline in renal function,60 suggesting 
that decline in renal function may be a consequence of 
decreasing TSH rather than vice versa. Conversely, it is 
postulated that CKD is a risk factor for thyroid dysfunc-
tion potentially mediated through iodine retention, 
metabolic acidosis, selenium deficiency and/or heavy 
urinary protein loss (thyroid hormone is primarily 
protein-bound) due to nephrotic syndrome.61 Patients 
with T1DM and a TSH of 2.5–4.4 mU/L,were 2.3 times 
more likely to have a glomerular filtration rate <60 mL/
min compared with those with a TSH of 0.4–2.5 mU/L.62 
While it has long been clear that patients with overt 
hypothyroidism require treatment and that patients with 
diabetes require regular thyroid function tests, a state 
of clinical equipoise exists regarding the target TSH for 
patients at risk of DKD progression. Larger clinical trials 
are needed to answer this relevant clinical question.

We acknowledge that this is a retrospective study 
with potential for reverse causation, particularly in 
regard to clinical variables associated with retrospec-
tive analyses of change in renal function. This study 
cannot definitively answer if the variables associated 
with decline in renal function are a consequence of or 
a risk factor for decline. During the study period, the 
patients served by our diabetes clinic were predomi-
nantly Caucasian (>98%), limiting the generalizability 
of our findings. The regression analyses presented 
in the main manuscript primarily focus on the total 
diabetes cohort (rather than the T1DM or T2DM 
cohort individually). Type of diabetes is included in 
these models as an explanatory variable and does not 
appear to impact on the response variables. Future 
subgroup analyses will provide more information on 
the differences that may exist between the T1DM 
and T2DM subgroups. Nonetheless, it is of interest 
that our reported DKD prevalence is not strikingly 
different from those observed at a population level in 
the USA and Asia, emphasizing that the high burden 
of CKD among adults with DM is a global phenom-
enon that by no means spares Northern European 
populations. Our results also highlight the utility of 
the KDIGO 2012 algorithm for identifying different 
clinical characteristics and management trends and 
for analyzing rates of renal functional loss among 
adults with T1DM and T2DM that span the clinical 
spectrum of DKD. While routinely used by nephrol-
ogists worldwide, the KDIGO framework is less 
commonly used by diabetologists and primary care 
physicians. Were it more extensively incorporated 

into clinical practice guidelines for DM care, it could 
serve to better unify DKD-related research across 
the different medical specialties. The DIAMOND 
database is a clinical database used in routine prac-
tice and, consequently, has the potential for errors. 
This is both a strength and a weakness of this study. 
The accuracy of the data is dependent not only on 
the clinician or healthcare practitioner inputting it, 
but also on the patient providing an accurate account 
of medications and adherence to prescribed medi-
cations. Further strengths of our study include the 
high average number of eGFR values (all measured at 
the same clinical laboratory) that contributed to the 
individual rate of decline calculations, as well as the 
direct comparison of absolute and per cent rates of 
decline. This is the largest study exploring the preva-
lence of DKD and its associated risk factors in Ireland. 
It provides valuable insights for clinicians and health-
care workers in this country and others (particularly 
in Northern Europe) into the burden of CKD among 
adults with DM and on how to tailor future care 
delivery strategies to further reduce progression from 
early to advanced DKD.

In conclusion, this study is one of the first to approach 
framing DKD burden according to the KDIGO system 
(especially in Northern Europe) and to examine clin-
ical and laboratory associations with proportionate 
rate of change of eGFR using patient numbers and 
time frames that are comparable with or greater than 
those of similar studies. Our results suggest that the 
burden of DKD, the frequency of rapid decline and 
the high risk for adverse outcomes despite specialist-
delivered diabetes care may be greater than has been 
appreciated to date in similar populations. In addi-
tion to well-established risk factors, rate of change in 
renal function was associated with serum ALP, TSH 
and variability in SBP and (LN)uACR.
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