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Abstract of hemoglobin were lower (133 +14 g/L vs. 143 +12 g/L)
Aim: To estimate the prevalence of Chronic Kidney in CKD 3-5 compared to CKD 0-2 (p<0.01).
Disease (CKD) and albuminuria and its associations to Furthermore, the prevalence of vascular disease (p=0.03)
prevalent cardiovascular co-morbidities in patients with and ischemic stroke (p=0.02) were higher in subjects with
type 2 diabetes in a primary care setting in Sweden. albuminuria compared with individuals without.

Patients and Methods: Cross-sectional data on Conclusion: Chronic kidney disease is common in type 2
demography, laboratory ~ measurements,  current diabetes in a primary care setting and associated with
medication, previous cardiovascular disease and major prevalent vascular co-morbidities

events of hypoglycaemia during the last 12 months was

consecutively recorded from 53 primary care centers. Keywords: Renal function; Albuminuria; Cardiovascular

Stage of CKD was defined based on the presence of disease; Type 2 diabetes; Chronic Kidney Disease
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(eGFR) according to KDIGO. Albuminuria was measured Medical and Health Sciences, LinkopingMETTHEENN
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using the urinary albumin-creatinine ratio.
Results: We included 362 men and 226 women aged
68.5+9.3 years with a mean diabetes duration 9.9+7.2

years. 220 patients (37%) were categorized as having

CKD stage 1-5, 105 subjects (18%) CKD 1-2, and 115 Introduction

subjects (20%) CKD 3-5. In the CKD 1-5 categories, The incidence and prevalence of Type 2 Diabetes
micro albuminuria was prevalent in 128 (58.2%) subjects (T2D) is increasing worldwide [1] and diabetes increases the
and macro albuminuria in 27 (12.3%) subjects. The Odds risk of developing End Stage Renal Disease (ESRD) 10-12
Ratio (OR), adjusted for age and gender, for subjects with times [2]. Diabetic nephropathy is currently the main underlying
CKD 3-5 for having retinopathy was 2.71 (95% CI 1.14 primary disease for renal replacement therapies, i.e. dialysis and
to 6.25, p=0.02) and for myocardial infarction 1.91 (95% kidney transplantation, in many countries [3].Even though T2D
Cl 1.04 to 3.45, p=0.03) compared with CKD 0-2. Levels is one of the leading causes of ESRD not all patients with T2D
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develop renal dysfunction and ESRD during their lifetime [4]. It
is estimated that T2D affects approximately 3.5% (350 000
individuals) of the Swedish population [5]. Albuminuria is a
well-known risk marker for development of diabetic
nephropathy and predicts progression to ESRD [6]. In addition,
both albuminuria and reduced renal function are independent
predictors of Cardio Vascular Disease (CVD), as well as
cardiovascular and all-cause mortality in T2D [7] and thus has a
great impact on the cost and burden for the society and quality
of life for affected patients and families.

Even though a population-based Swedish study focusing on
renal function recently has been published [8], the prevalence of
albuminuria and renal impairment measured with validated
methods in an unselected Swedish primary care diabetic
population is still unclear. Thus, the present study was
undertaken with the primary objective to investigate the
prevalence of Chronic Kidney Disease (CKD) in Swedish
patients with type 2 diabetes in a primary care setting.
Secondary objectives included a description of cardiovascular
comorbidity, metabolic profile and current anti-hyperglycaemic

treatment in patients with and without CKD.

Patients and Methods

Study centers and Population

In total, 588 patients from 53 primary care centers participated
in the trial. The homogeneity of patients was ensured as patients
were recruited from all parts of Sweden (Gétaland 50%,
Svealand 17% and Norrland 33%). Thus, the regions were fairly
proportionally represented as compared to the number of
inhabitants in the regions (Gotaland 48%, Svealand 40% and
Norrland 12%), respectively. Patients were eligible for inclusion
if they gave their informed consent and had been diagnosed
with T2D after the age of 40, and had at least one year duration
of the disease. Patients diagnosed with type 1 diabetes or
secondary diabetes and patients participating in another clinical
study with active drug treatment were excluded. Data were
collected between November 2011 and March 2012 from
clinical examination and medical charts during single regular

outpatient visits. The study protocol was approved by local

ethics review committees and conducted in accordance with the

guidelines of the declaration of Helsinki.

Measurements and Definitions

From each patient the following parameters were collected from
the charts and verbally during the visit; age, gender, height,
body weight, office blood pressure, diabetes duration, current
glucose lowering therapy, history of micro- or macro-vascular
disease, smoking status, antihypertensive and or lipid lowering
treatment. History of vascular disease was defined as previous
or known; angina pectoris, myocardial infarction, coronary
artery bypass surgery, percutaneous coronary intervention, and
ischemic stroke. The patients were asked if they had ever been
laser-treated for retinopathy and if they had experienced any
event of hypoglycaemia requiring assistance during the last 12
months. The latest available laboratory value during the last 12
months for creatinine, HbAlc, total-cholesterol, LDL- and
HDL-cholesterol, triglycerides and hemoglobin were collected
from charts.

The presence of albuminuria was measured by urinary albumin-
creatinine ratio. Sites that were using another method for
measuring albuminuria or having urinary data older than 6
months were asked to use the appropriate methodology and/or
to collect a new sample. The urinary albumin-creatinine ratio
were analysed according to routines at the primary health care
centres. The investigators were asked to define whether the
collected urinary sample was taken in the morning or as a
random spot sample. Patients with a morning urinary albumin-
creatinine ratio below 3.0 g albumin/mol creatinine were
considered not to have albuminuria, those between 3.0 and 30 to
have micro albuminuria and those above 30 albumin/mol
creatinine to have macro albuminuria [9]. In those patients
where a random spot sample was used, the detection limit for
micro albuminuria was defined as 5.0 g albumin/mol creatinine
or above [9]. Morning samples were available in 413 (70.2%)
cases, random spot samples in 127 (21.6%) subjects, and lost
samples in 48 (7.5%) cases. The prevalence of Chronic Kidney
Disease (CKD) was determined based on the presence of

albuminuria and decreased estimated Glomerular Filtration Rate
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(eGFR) measured according to the Modification of Diet in
Renal Disease (MDRD) [10].
The CKD stages were categorized based on the classification
system established by the Kidney Disease: Improving Global
Outcomes (KDIGO) [11].
The CKD stages were defined as follows:
e CKD 0 eGFR >60 mL/min/1.73 m’
albuminuria
e CKD 1eGFR >90 mL/min/1.73 m’ with albuminuria
e CKD 2 eGFR 60-89 mL/min/1.73m? with albuminuria
o CKD 3eGFR 30-59 mL/min/1.73m’
o CKD 4 eGFR 15-29 mL/min/1.73 m*
e CKD 5 eGFR <15 mL/min/1.73 m?

Statistical significance was assumed when p < 0.05 and

without

borderline statistical significance was assumed when p <0.1.

Results

This cross-sectional study included 588 individuals with T2D.
Their mean age was 68.5 +9.3 years (range 41-92) and 362
(62%) were men. The mean diabetes duration was 9.9+7.2 years
(range 1-35). Mean HbAlc was 55+13 mmol/mol (range 29-
149). Table 1a and 1b show the baseline characteristics and
cardiovascular risk factor status of the study population by CKD
stage. No major differences in HbAlc, lipids or blood pressure
were found between patients with and without renal impairment.
Levels of haemoglobin were lower, 133 +14 g/L vs. 143 12
g/L, in CKD stage 3-5 compared to stage 0-2, p<0.01 after

adjustment for age and gender.

Table 1a: Baseline characteristics of study the population included in PRIDE: Prevalence of Renal Impairment in Diabetes by CKD stage

Total (N=588) | CKD 0 (N=368) | CKD 1 (N=46) | CKD 2 (N=59) | CKD 3-5(N=115)

Gender

Female 226 (38.4) 140 (38.0) 14 (30.4) 21 (35.6) 51 (44.3)

Male 362 (61.6) 228 (62.0) 32 (69.6) 38 (64.4) 64 (55.7)
Age (years) 68.5 (9.3) 66.7 (8.9) 64.2 (8.8) 71.7 (8.0) 74.6 (8.1)
Age group (years)

40 - 49 19 (3.2) 16 (4.3) 3(6.5) - -

50 - 59 69 (11.7) 52 (14.1) 10 (21.7) 5 (8.5) 2(1.7)

60 - 69 243 (41.3) 176 (47.8) 20 (43.5) 18 (30.5) 29 (25.2)

70-79 177 (30.1) 93 (25.3) 10 (21.7) 25 (42.4) 49 (42.6)

80 + 80 (13.6) 31 (8.9) 3(6.5) 11 (18.6) 35 (30.4)
BMI (kg/m2) 29.6 (4.8) 29.4 (4.7) 31.4 (6.4) 29.5 (4.7) 29.5 (4.4)
Systolic blood pressure (mmHg) 135.4 (14.9) 133.8 (13.6) 136.9 (13.3) 139.7 (18.2) 137.7 (16.9)
Diastolic blood pressure (mmHg) 77.1(9.9) 77.1(9.4) 79.8 (8.7) 77.4 (10.6) 76.0 (11.3)
Duration of diabetes (years) #

1-5 191 (32.5) 145 (39.4) 9 (19.6) 13 (22.0) 24 (20.9)

6-10 179 (30.4) 112 (30.4) 23 (50.0) 16 (27.1) 28 (24.3)
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Total (N=588) | CKD 0 (N=368) | CKD 1(N=46) | CKD 2 (N=59) | CKD 3-5(N=115)
>10 215 (36.6) 110 (29.9) 12 (26.1) 30 (50.8) 63 (54.8)
Smoking
Non-smoker 305 (51.9) 186 (50.5) 21 (45.7) 31(52.5) 67 (58.3)
Ex-smoker 221 (37.6) 143 (38.9) 17 (37.0) 20 (33.9) 41 (35.7)
Smoker 61 (10.4) 38 (10.3) 8 (17.4) 8 (13.6) 7(6.1)

Data are mean (sd) or n (%). CKD stages; see methods section.

# Data on diabetes duration were missing in 3 cases

Table 1b: Biochemical characteristics of the study population included in PRIDE: Prevalence of Renal Impairment in Diabetes by CKD

stage

Total (N=588) CKD 0 (N=368) |CKD 1 (N=46) |CKD 2(N=59) |CKD 3-5(N=115)
S-Creatinine (umol/L) 81.6 (27.5) 72.4 (14.5) 61.2 (10.5) 81.5 (13.4) 119.2 (34.9)
HbAlc (mmol/mol) 55 (13) 53 (12) 68 (19) 58 (13) 55 (13)
HbAlc (%) 7.2(1.2) 7.0 (1.1) 8.4 (1.7) 75(1.2) 7.2(1.2)
P-Cholesterol (mmol/L) 4.68 (1.07) 4.67 (1.00) 5.09 (1.13) 4.63 (1.01) 4.55 (1.22)
P-LDL-cholesterol (mmol/L) 2.65 (0.90) 2.69 (0.86) 2.91 (0.97) 2.58 (0.94) 2.44 (0.93)
P-HDL-cholesterol (mmol/L) 1.25 (0.40) 1.24 (0.38) 1.33 (0.54) 1.28 (0.42) 1.21 (0.39)
P-Triglycerides (mmol/L) 1.91 (1.24) 1.82 (1.20) 2.01 (1.45) 1.97 (1.06) 2.13 (1.37)
Hemoglobin (g/L) 140.7 (13.2) 142.7 (12.2) 145.2 (13.6) 140.0 (12.2) 133.4 (13.7)

Data are mean (sd) or n (%). CKD stages; see methods section.

In subjects without micro albuminuria, mean eGFR, according
to MDRD, was 82.7 +23.2 mL/min/1.73m? and 75.0 +28.7
mL/min/1.73m? in subjects with micro or macro albuminuria
(data not in table). Data on the prevalence of CKD and micro
and macro albuminuria are shown in Table 2. 220 (37.4%)
patients had CKD 1-5 and 368 (62.6%) patients were classified
as CKD 0. Mean eGFR, according to MDRD, was 80.6 +25.0
mL/min/1.73m?* and mean estimated creatinine clearance
(eCrCl) was 97.2439.9 mL/min according to Cockcroft-Gault.

In the CKD 1-5 categories, micro albuminuria was prevalent in

128 (58.2%) subjects and macro albuminuria in 27 (12.3%)
subjects.

Table 3 displays ongoing medication by CKD stage. Overall,
the majority of patients were treated with biguanides as glucose-
insulin  (33%) and
sulphonylureas (14%). In patients with reduced renal function

lowering agent (68%), followed by
(CKD 3-5) an increase in the use of insulin and sulphonylureas
was seen (39 and 20%, respectively), paralleled by a decrease in
use of biguanides but, interestingly, 50% of patients with CKD

3-5 had ongoing treatment with metformin.
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Table 2: Renal function and prevalence of micro- and macroalbuminuria in the study population included in PRIDE: Prevalence of Renal

Impairment in Diabetes

Total (N=588)  |CKD 0 (N=368) |CKD 1 (N=46) |CKD2(N=59) |CKD 3-5 (N=115)

eGFR (ml/min/1.73m?) according to |80.6 (25.0) 88.1 (20.5) 108.7 (20.3) 74.3 (8.4) 48.3 (9.7)
MDRD
eCrClI (ml/min) according to 97.2 (39.9) 106.6 (35.5) 139.6 (45.7) 86.1 (23.5) 56.1 (16.1)

Cockroft-Gault

Albuminuria

normo 431 (73.3) 368 (100.0) NA NA 63 (54.8)
micro 128 (21.8) NA 39 (84.8) 53 (89.8) 36 (31.3)
macro 27 (4.6) NA 7(15.2) 6 (10.2) 14 (12.2)

Data are mean (sd) or n (%). CKD stages; see methods section.

Table 3: Ongoing medication in study population included in PRIDE: Prevalence of Renal Impairment in Diabetes

Glucose lowering treatment Total (N=588) |{CKD 0 (N=368) |CKD 1 (N=46) |CKD 2 (N=59) |CKD 3-5 (N=115)
Insulins and analogues 193 (32.8) 103 (28.0) 17 (37.0) 28 (47.5) 45 (39.1)
Biguanides 397 (67.5) 258 (70.1) 39 (84.8) 42 (71.2) 58 (50.4)
Sulfonamides, urea derivatives 84 (14.3) 43 (11.7) 9 (19.6) 9 (15.3) 23 (20.0)
Fixed dose combinations of oral blood 12 (2.0) 5(1.4) 1(2.2) 3(5.1) 3(2.6)
glucose lowering drugs
Alpha glucosidase inhibitors 1(0.2) - - - 1(0.9)
Thiazolidinediones 8(1.4) 2 (0.5) 1(2.2) 23349 3(2.6)
Dipeptidyl peptidase 4 (DPP-4) inhibitors 38 (6.5) 20 (5.4) 7 (15.2) 3(5.1) 8 (7.0)
Repaglinide 14 (2.4) 9 (2.4) 3(6.5) 1(17) 1(0.9)
Exenatide 3(0.5) 3(0.8) - - -
Liraglutide 22 (3.7) 11 (3.0) 6 (13.0) 2(3.4) 3(2.6)
Antihypertensive treatment
ACE / ARB 405 (68.9) 243 (66.0) 32 (69.6) 45 (76.3) 85 (73.9)
Other 87 (14.8) 49 (13.3) 6 (13.0) 7 (11.9) 25 (21.7)
No treatment 96 (16.3) 76 (20.7) 8 (17.4) 7 (11.9) 5 (4.3)
Lipid treatment
Statins 393 (66.8) 245 (66.6) 29 (63.0) 42 (71.2) 77 (67.0)
Other 38 (6.5) 18 (4.9) 4 (8.7) 5 (8.5) 11 (9.6)
No treatment 157 (26.7) 105 (28.5) 13 (28.3) 12 (20.3) 27 (23.5)

! One or more combinations possible. Data are n (%). CKD stages; see methods section.
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The prevalence of micro and macro vascular disease by CKD
stage is shown in Figure 1. The Odds Ratio (OR), adjusted for
age and gender, for subjects in CKD stages 3-5 for having
retinopathy was 2.71 (Cl 1.14 to 6.25, p=0.02) and for
myocardial infarction 1.91 (CI 1.04 to 3.45, p=0.03) compared
with CKD stages 0-2. The difference in previous cardiovascular
disease between the groups in CKD stage 0-2 vs. 3-5 did not
remain statistically significant when adjusted for age and
gender, p=0.18.The prevalence of vascular disease (p=0.03) and

ischemic stroke (p=0.02) were higher in subjects with

albuminuria compared with individuals without. However, only
the OR for previous stroke remained borderline statistically
significant 1.87 (Cl 0.98 to 3.52, p=0.054) when adjusted for
age and gender. Previous experience of hypoglycaemia was
more common in CKD stage 3-5 (n=3; 2.6%) compared to stage
0-2 (n = 2; 0.4%) and the OR, adjusted for age and gender, for
subjects in CKD stages 3-5 for having hypoglycaemia was 8.71
(CI 1.19 to 80.11, p=0.03). However, this observation must be
interpreted with caution due to the small numerical difference

and the clinical relevance of the finding could be questioned.

Figure 1: Micro- and macrovascular disease according to CKD stage (CKD 0-2 vs 3-5) in the study population included in PRIDE:

Prevalence of Renal Impairment in Diabetes
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Vascular disease was defined as a composite of; myocardial infarction, ischemic stroke, Coronary Artery Bypass surgery (CABG) and

Percutaneous Coronary Intervention (PCI).
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Discussion

In this cohort of unselected patients with T2D were
studied at their annual out-patient control visit in the primary
care setting one-third of patients had some degree of chronic
kidney disease and one-fifth had reduced renal function
(eGFR<60 mL/min/1.73m?). Furthermore, both albuminuria and
renal impairment were associated with an increased risk of
prevalent vascular co-morbidities. To the best of our knowledge
this is the first study exploring the prevalence of chronic kidney
disease by using urinary albumin-creatinine ratio for defining
albuminuria and in an unselected Swedish primary care diabetic
population. One limitation of the study is that the stratification
for albuminuria and eGFR were based on only one reported
value as both the levels of urinary albumin and serum creatinine
have well known within-person day-to-day variations. In this
study we used the MDRD equation to estimate renal function
since this currently is the most commonly used equation
although other renal markers and equations could have been
considered [12]. However, the strengths of this study are that
the same method to measure absence or presence of albuminuria
was used and that clinically relevant co-morbidities endpoints
for retinopathy (laser-treated) and hypoglycemia (major-
requiring assistance) were reported and are presented.
In this study the majority (55%) of patients with renal
impairment was normoalbuminuric which is in accordance with
results from different populations with T2D [13-16]. This
finding is important since patients with reduced renal function
have a CV mortality that is 10-20-fold compared to age-
matched subjects in the general population [17] and is strongly
accentuated when renal function is lower than eGFR <45
mL/min/1.73m?> [18]. In addition, an increased level of
albuminuria is associated with increased risk of CV events, CV
mortality and all-cause mortality in patients with T2D in any
significant CKD stage [7].

In this study we found an increased risk for having a previous
myocardial infarction in patients with reduced renal function
compared to those with normal function. In addition, the

prevalence of previous cardiovascular disease including

ischemic stroke seemed to be higher in patients with
albuminuria compared with individuals without albuminuria,
but when adjusting for age and gender only previous stroke
remained borderline statistically significant.An interesting
finding in this study was that 50% of the patients with an eGFR
< 60ml/min/1.73m? had biguanide/metformin treatment despite
the risk of lactic acidosis. The National Institute for Health and
Clinical Excellence (NICE) U.K has recently updated the
guidelines on the use of metformin such that metformin may be
continued (or initiated) in patients with eGFR <60 mL/min per
1.73 m? but the dose should be reduced in those with eGFR <45
mL/min per 1.73 m? and metformin should be discontinued at
eGFR <30 mL/min per 1.73 m? [19]. The safety of metformin at
different levels of renal function has also been evaluated in a
Swedish population-based study [20]. Concomitant retinopathy
is clinically often considered to be a concomitant finding with in
patients with diabetic nephropathy. However, it has previously
been shown that the association between retinopathy and
nephropathy in T2D is weak and recent studies has shown that
only around 40% of T2D patients with renal impairment and
micro albuminuria have concomitant retinopathy [21, 22]. In
this study, the risk of having diagnosed laser-treated retinopathy
increased in patients with both albuminuria (non-significantly)
and renal impairment (significantly). It is therefore important to
highlight that up to one third of patients with T2D may have
other primary underlying renal diseases as previously shown in
renal  biopsy  studies [23].  Alterations in the
coagulation/fibrinolytic system with a balance towards a more
coagulant state could contribute to the increased risk for venous
thromboembolism found in patients with diabetes [24] and renal
impairment [25]. We conclude that the occurrence of chronic
kidney disease, as measured by the presence of significantly
decreased GFR (< 60 ml/min/1.73m?) with or without
albuminuria, is very common in Swedish patients with type 2
diabetes in primary care. The majority of patients with mild to
moderate renal impairment were normoalbuminuric. However,
both albuminuria and renal impairment were associated with an

increased risk of prevalent vascular co-morbidities.
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