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Abstract
Aims/hypothesis Diabetic kidney disease (DKD) is a micro-
vascular complication associated with poor control of blood
glucose and BP. We aimed to evaluate the predictors of devel-
opment and progression of DKD in a cohort of high-risk in-
dividuals with type 2 diabetes, placing emphasis on ambula-
tory BP and arterial stiffness.
Methods In a prospective study, 629 individuals without ad-
vanced renal failure had their renal function evaluated annu-
ally over a median follow-up period of 7.8 years. Ambulatory
BP was monitored and aortic stiffness was assessed by carot-
id–femoral pulse wave velocity at baseline. Multivariate com-
peting risks analysis with all-cause mortality, using the Fine
and Gray approach, was used to examine the independent
predictors of development and progression of DKD, a com-
posite of development or progression of abnormal albumin-
uria and worsening of renal function (doubling of serum cre-
atinine or progression to end-stage renal disease).
Results At baseline, 197 individuals had DKD. During follow-
up, DKDdeveloped or progressed in 195 individuals, abnormal
albuminuria developed or progressed in 125 individuals and
renal function deteriorated in 91. After adjustments for baseline

albuminuria and renal function, age, sex, diabetes duration and
use of renin–angiotensin antagonists, poorer control of blood
glucose (HR 1.17; 95% CI 0.98, 1.40; p = 0.09 for each 1 SD
increment in mean first-year HbA1c), higher ambulatory systol-
ic BP (HR 1.28; 95% CI 1.09, 1.50; p = 0.003, for each 1 SD
increase in daytime systolic BP [SBP]) and increased aortic
stiffness (HR 1.16; 95% CI 1.00, 1.34; p = 0.05) were indepen-
dent predictors of development or progression of DKD. At
baseline, ambulatory BP was a stronger predictor than BPmea-
sured in the clinic. Aortic stiffness predicted abnormal albumin-
uria development or progression (HR 1.26; 95% CI 1.02, 1.56;
p = 0.036) whereas ambulatory BP was a stronger predictor of
renal function deterioration (HR 1.32; 95% CI 1.09, 1.60;
p = 0.005 for daytime SBP).
Conclusions/interpretation Poor blood glucose and BP con-
trol and increased aortic stiffness were the main predictors of
development or progression of DKD; ambulatory SBP was a
better predictor than BP measured in the clinic. Ambulatory
BP monitoring and assessment of aortic stiffness should be
more widely used in clinical type 2 diabetes management.
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Introduction

Type 2 diabetes incidence is increasing worldwide [1] and
currently diabetic kidney disease (DKD) is the main cause of
end-stage renal disease (ESRD) [2, 3]. In addition to increased
morbidity and precocious mortality, there is a considerable
social and economic burden and reduced quality of life asso-
ciated with the presence and severity of chronic kidney dis-
ease in individuals with diabetes [2, 4].

Control of blood glucose levels and BP is of utmost impor-
tance for the prevention of diabetic microvascular complica-
tions. In particular, BP and blood glucose control is important
for preventing development and progression of abnormal al-
buminuria in DKD [5–8]. However, whether intensive control
hinders progression to ESRD in individuals with type 2 dia-
betes remains debatable [5–10]. The interaction between
blood glucose control and BP control when assessing renal
outcomes needs additional investigation; some studies show
no additive benefit from combined treatment [11, 12] and
others show an interaction at higher BPs [8, 13]. Moreover,
ambulatory BP has been demonstrated to be a superior cardio-
vascular risk marker when compared with BP measured in the
clinic [14], including in individuals with type 2 diabetes [15].
However, few previous studies [16, 17] have investigated the
prognostic impact of ambulatory BP in renal outcomes or
compared ambulatory with clinic BP measurements in type
2 diabetes.

Central (aortic) arterial stiffness has been proposed as a
surrogate for cumulative vascular risk factor burden [18].
Individuals with type 2 diabetes have increased aortic stiffness
[19] and cross-sectional relationships between the presence of
DKD and increased arterial stiffness have been demonstrated
[20–22]. However, only two previous longitudinal studies,
performed in Asian individuals, showed that aortic stiffness
is associated with incident microalbuminuria and decrease in
glomerular filtration rate [23, 24]. To date, no occidental study
has investigated these relationships.

Therefore, we intended to investigate the predictive factors
for several renal outcomes in high-risk individuals with type 2
diabetes. We focused on evaluating the prognostic importance
of aortic stiffness and comparing the value of clinic and am-
bulatory BPs as predictors for DKD development and progres-
sion, using primarily a competing risks analysis approach.

Methods

Participants The Rio de Janeiro Type 2 Diabetes Cohort
Study was a prospective study in which 650 individuals with
type 2 diabetes were recruited between August 2004 and
December 2008 and re-evaluated annually for DKD until
December 2015 in the diabetes outpatient clinic of our
tertiary-care University Hospital. All participants gave written

informed consent and the local Ethics Committee had previ-
ously approved the study protocol. The characteristics of this
cohort, the baseline procedures and the diagnostic definitions
have been described previously [15, 21, 25, 26]. Briefly, in-
clusion criteria were as follows: adults up to 80 years old who
had type 2 diabetes and either microvascular (retinopathy,
nephropathy or neuropathy) or macrovascular (coronary, ce-
rebrovascular or peripheral artery disease) complications, or
who had at least two other modifiable cardiovascular risk fac-
tors. Exclusion criteria weremorbid obesity (BMI ≥40 kg/m2),
stage IV or V chronic kidney disease (serum creatinine
>180 μmol/l or eGFR <30 ml min−1 1.73 m−2) or the presence
of any serious concomitant disease limiting life expectancy.

Baseline procedures All participants were submitted to a
standard baseline protocol that included a thorough clinical
examination, a laboratory evaluation, 24 h ambulatory BP
monitoring and aortic stiffness assessment by carotid–femoral
pulse wave velocity (cf-PWV). Diagnostic criteria for diabetic
chronic complications were detailed previously [15, 21, 25,
26]. In brief, coronary heart disease was diagnosed by clinical,
ECG criteria or by positive ischaemic stress tests.
Cerebrovascular disease was diagnosed by history and phys-
ical examination and peripheral arterial disease by an ankle–
brachial index <0.9. Diabetic retinopathy was evaluated by a
single specialist in retinal ophthalmology. The diagnosis of
DKD needed at least two albumin excretion rate values
≥30 mg/24 h, confirmed reduction of eGFR ≤60 ml min−1

1.73 m−2 (estimated by the Chronic Kidney Disease
Epidemiology Collaboration [CKD-EPI] equation [27]) or se-
rum creatinine >130 μmol/l, with the concomitant presence of
diabetic retinopathy. Peripheral neuropathy was determined
by standard clinical examination as previously detailed [25].
BP was measured in the clinic three times using a digital
oscillometric BP monitor (HEM-907XL; Omron Healthcare,
Kyoto, Japan) with a suitably sized cuff on two occasions
2 weeks apart at study entry. The first measure of each visit
was discarded and the recorded BP was the mean of the last
two readings at each visit. A diagnosis of arterial hypertension
was made when mean systolic BP (SBP) ≥140 mmHg or
diastolic BP (DBP) ≥90 mmHg or if antihypertensive drugs
had been prescribed. Ambulatory BP was recorded in the fol-
lowing month using Mobil-O-Graph, version 12 equipment
(Dyna-Mapa; Cardios, São Paulo, Brazil). Variables evaluated
were 24 h BP, daytime and night-time BP and the nocturnal
fall in BP (calculated as the percentage decrease in night-time
BP in relation to daytime levels: [(daytime BP − night-time
BP)/daytime BP] × 100%). A normal dipping pattern was
defined as nocturnal fall in BP ≥10% [15, 28]. Twenty-two
untreated individuals with normal clinic BP but high ambula-
tory BP (24 h BP ≥130/80 mmHg) were also considered as
hypertensive.
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Laboratory evaluations included fasting blood glucose,
HbA1c, serum creatinine and lipids. Serum creatinine was
measured at the University Hospital central laboratory by a
modified kinetic Jaffe’s method; values were multiplied by
0.95 because they were not standardised to isotope dilution
mass spectrometry [29]. Albuminuria was evaluated by neph-
elometry in two non-consecutive sterile 24 h urine collections
(lower detection limit 0.002 g/l; intra-assay and inter-assay
variation coefficients 4.3 and 4.4%, respectively) and was
assessed annually during follow-up. Aortic stiffness was eval-
uated by measuring cf.-PWV, using the foot-to-foot velocity
method with Complior equipment and software (Artech-
Medical, Paris, France), as previously described [19, 23].
Direct carotid–femoral distance was corrected by a factor of
0.8; cf-PWV >10 m/s was considered to indicated increased
aortic stiffness, as recommended [30].

Follow-up The participants were followed-up regularly at
least three or four times a year and all had at least two to four
measurements of annual HbA1c, serum lipids, serum creati-
nine and clinic BP. Mean values during each specific time
interval were recorded, as well as mean cumulative values
during the whole follow-up period, until endpoint occurrence
or censoring (administrative or because of death). No partici-
pants were lost to follow-up, except the deceased individuals.

Outcomes and assessment of development and progres-
sion of DKD The primary endpoint was a composite of abnor-
mal albuminuria development/progression and worsening in
outcomes of renal function. The endpoint for development
and progression of albuminuria was defined, respectively, as a
change from normal (albumin excretion rate <30 mg/24 h) to
microalbuminuria (30–299 mg/24 h) and a change from
microalbuminuria to macroalbuminuria (≥300 mg/24 h) on at
least two consecutive 24 h measurements of urinary albumin
excretion over a period of 3–6 months at any annual examina-
tion. The endpoint for worsening renal function was a doubling
of serum creatinine to a level of ≥200 μmol/l (≥2.3 mg/dl) on at
least two consecutive visits (3–4 months’ interval) together
with no improvement after a minimum interval between exam-
inations of 6 months, or an occurrence of ESRD requiring
dialysis, renal transplantation or death due to renal failure.

Statistical analysisContinuous data are described as means ±
SD or as medians (interquartile range). Data from participants
with and without occurrence of any renal endpoint during
follow-up were compared by unpaired t test (for continuous
normal variables), Mann–Whitney test (for continuous asym-
metric variables) and byχ2 test (for categorical variables). The
independent predictors of an endpoint’s occurrence were pri-
marily examined by competing risks (with all-cause mortality)
analyses, using the proportional subdistribution hazards mod-
el (Fine and Gray approach) [31]. The cumulative incidence

function was used to estimate the cumulative incidence of
endpoints during follow-up for the renal outcomes and for
the competing event. Additionally, classic Cox proportional
hazards analysis was performed as a secondary analysis. The
renal outcomes were assessed as a composite endpoint, re-
stricted to the first incident event, and also as separate end-
points (abnormal albuminuria development/progression and
worsening of renal function). The following candidate vari-
ables were used for entry into the multivariate analyses, based
on biological plausibility: BMI, smoking status, physical ac-
tivity, glucose-lowering treatment, antihypertensive treatment
(number and classes of drugs), presence of any macrovascular
(coronary, cerebrovascular and peripheral arterial disease) and
microvascular (retinopathy, neuropathy) diabetic complica-
tions at baseline, aortic stiffness, clinic and ambulatory BPs,
HbA1c, HDL-cholesterol and LDL-cholesterol. Clinic BPs
and HbA1c levels were examined as baseline values and as
mean values during specific periods of follow-up. Age, sex,
diabetes duration, baseline albumin excretion rate and eGFR
and use of an angiotensin-converting enzyme inhibitor
(ACEi) or angiotensin II receptor blocker (ARB) during
follow-up were considered as background adjusting covari-
ates for all analyses. First, each candidate variable was entered
separately into the background adjusted model, then those
with an adjusted p value <0.10 were used in the final predic-
tive models for each outcome. Competing risks results are
presented as subdistribution HRs (95%CIs); to allow compar-
isons between the independent predictors, HRs were calculat-
ed for standardised increments of 1 SD of the continuous
variables. To assess the relative prognostic importance of each
BP variable, clinic and ambulatory BPs were evaluated in
separate competing risks models, adjusted for the same covar-
iates of the original predictive model. To assess for possible
effect modifications between blood glucose and BP control on
occurrence of renal outcomes, interaction terms between
HbA1c and BPs were tested separately in all analyses, as well
as interactions between the independent predictors and age,
sex and baseline albuminuria and eGFR. To exclude the pos-
sibility of reverse causality between BP and progression of
DKD, two additional sensitivity analyses were performed.
First, we excluded from analysis those participants with pre-
existent DKD at baseline (197 individuals, 31%). Hence, this
analysis only evaluated new incidence of microalbuminuria
and renal function worsening (as all participants had normal
albuminuria and eGFR >60 ml min−1 1.73m−2 at study entry).
Second, we excluded from analysis those individuals who
achieved any of the endpoints during the first 3 years of fol-
low-up. This ensures that there was a minimum time interval
of 2 years between baseline and first-year variables and as-
sessment of renal outcomes. All the additional sensitivity
analyses were performed within the competing risks frame-
work. Statistics were performed with SPSS version 19.0
(SPSS, Chicago, IL, USA) and with R version 3.4.1, cmprsk
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package (R Foundation for Statistical Computing, Vienna,
Austria); two-tailed p value <0.05 was considered significant.

Results

Baseline characteristics and incidence of renal outcomes
during follow-up Six-hundred and fifty individuals were eval-
uated at baseline, 13 died during the first year of follow-up and
eight did not collect at least a second 24 h urine sample during
follow-up (the median number of 24 h urine examinations was
five per person [maximum of 12 per person]), leaving a total of
629 individuals for renal endpoint evaluation. At baseline, 152
participants (24.2%) had microalbuminuria, 14 (2.2%) had
macroalbuminuria and 31 (4.9%) had decreased renal function
(eGFR ≤60 ml min−1 1.73 m−2) without abnormal albumin
excretion rate but with concomitant diabetic retinopathy.

After a median follow-up of 7.8 years (range 1–10.7 years),
434 individuals (69.0%) remained stable and 195 (31.0%)
developed one of the renal endpoints. Separately, 125 individ-
uals (19.9%) either developed microalbuminuria or
progressed tomacroalbuminuria. Of the 463 participants with-
out abnormal albumin excretion rate at baseline, 100 (21.6%)
developed persistent microalbuminuria; none of the partici-
pants progressed tomacroalbuminuria. Of the 152 participants
who displayed microalbuminuria at baseline, 25 (16.5%)
progressed to macroalbuminuria, 24 (15.8%) regressed to
normoalbuminuria and the rest remained microalbuminuric.
Otherwise, 91 of the 629 participants (14.5%) developed a
renal failure endpoint: the serum creatinine of 59 individuals
doubled to a level of at least 200 μmol/l (2.3 mg/dl); dialysis
was initiated in 25 individuals and seven died from renal fail-
ure. Sixty-three participants died before achieving the
microalbuminuria outcomes and 83 died from non-renal
causes before reaching one of the renal failure outcomes,
prompting the competing risks analyses. Figure 1 shows the
cumulative incidence function and respective competing risk
event (deaths from non-renal causes) for each endpoint.

Table 1 outlines the characteristics of the participants,
grouped according to whether they presented a composite
renal outcome. Participants presenting a composite renal out-
come had longer diabetes duration and greater prevalence of
other microvascular complications than those who did not.
Those who developed DKD or whose DKD progressed used
insulin more frequently and took a greater number of antihy-
pertensive medications than the participants with no renal out-
come. They also had greater clinic and ambulatory SBPs than
those in whom DKD did not develop or progress. HbA1c

levels followed a similar pattern: except for baseline values,
all HbA1c levels during follow-up were higher in participants
presenting a renal outcome. Participants with a renal endpoint
had greater left ventricular mass index and higher aortic stiff-
ness than those in whom DKD did not develop or progress.

Independent predictors of renal outcomes Table 2 presents
the results of the multivariate competing risks and Cox analy-
ses for the independent predictors of any renal event
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Fig. 1 Cumulative incidence function, calculated by the Fine and Gray
competing risks analysis, of the composite renal outcome (a),
microalbuminuria development or progression (b) and renal failure out-
comes (c) (grey solid lines), with their respective competing event of non-
renal failure deaths (red dashed lines). Time 0 represents the patients’
entry into the study and the beginning of follow-up

458 Diabetologia (2018) 61:455–465



Table 1 Characteristics of all diabetic participants grouped according to composite renal outcome occurrence during follow-up

Characteristic All participants
(n = 629)

Participants without
renal outcomes
(n = 434)

Participants with
renal outcomes
(n = 195)

p value
(renal outcome vs
no renal outcome)

Age, years 60.0 ± 9.6 60.2 ± 9.9 59.9 ± 9.1 0.72

Male sex, % 37.7 36.9 39.5 0.54

BMI, kg/m2 29.6 ± 4.9 29.5 ± 4.9) 29.7 (4.7) 0.71

Smoking, current/past, % 45.5 43.8 49.2 0.21

Physical activity, % of active 23.3 23.9 22.1 0.62

Diabetes duration, years 8 (3–15) 7 (3–15) 9 (4–16) 0.047

Chronic diabetes complications, %

Cerebrovascular disease 9.4 8.9 10.3 0.60

Coronary artery disease 16.3 17.0 14.9 0.51

Peripheral arterial disease 17.6 16.6 20.0 0.29

Retinopathy 30.9 27.3 38.9 0.004

DKD 31.5 27.1 40.5 0.001

AER ≥30 mg/24 h 26.4 23.4 32.8 0.014

eGFR 60–30 ml min−1 1.73 m−2 17.5 13.4 26.7 <0.001

Peripheral neuropathy 28.4 25.7 38.5 0.001

Cardiovascular autonomic neuropathy 24.7 21.2 32.0 0.007

Diabetes treatment, %

Metformin 86.8 89.4 81.0 0.004

Sulfonylureas 43.7 45.2 40.5 0.27

Insulin 48.5 45.9 54.4 0.049

Dyslipidaemia, % 87.5 86.9 88.7 0.53

Statin use, % 76.9 76.6 77.4 0.82

Arterial hypertension, % 90.1 88.9 92.8 0.38

No. of antihypertensive drugs 3 (1–3) 3 (1–3) 3 (2–4) 0.043

ACEi/ARB, % 81.7 80.5 84.3 0.044

Diuretic, % 62.9 62.2 64.6 0.56

Calcium channel blocker, % 26.9 25.5 30.3 0.21

Beta blocker, % 46.3 45.0 49.2 0.32

Clinic BP (mmHg)

Baseline SBP 147 ± 25 146 ± 24 150 ± 26 0.09

Baseline DBP 84 ± 13 84 ± 13 84 ± 14 0.99

Mean first-year SBP 140 ± 19 139 ± 18 144 ± 22 0.002

Mean first-year DBP 79 ± 11 79 ± 10 79 ± 11 0.65

Mean second-year SBP 141 ± 19 138 ± 18 146 ± 21 <0.001

Mean second-year DBP 78 ± 11 77 ± 10 79 ± 12 0.07

Mean cumulative SBP 139 ± 16 137 ± 14 144 ± 17 <0.001

Mean cumulative DBP 77 ± 9 77 ± 9 79 ± 11 0.20

Ambulatory BP (mmHg)

24 h SBP 129 ± 15 127 ± 14 132 ± 17 <0.001

24 h DBP 74 ± 10 73 ± 9 75 ± 11 0.024

Daytime SBP 131 ± 15 129 ± 14 134 ± 17 <0.001

Daytime DBP 75 ± 10 75 ± 10 77 ± 11 0.011

Night-time SBP 121 ± 18 120 ± 18 124 ± 18 0.010

Night-time DBP 69 ± 11 68 ± 11 70 ± 11 0.20

Nocturnal SBP fall, % of daytime SBP 7.3 ± 8.6 7.1 ± 8.9 7.6 ± 7.9 0.52

Normal SBP dipping pattern, % 42.4 42.4 42.5 0.99

Nocturnal DBP fall, % of daytime DBP 8.7 ± 9.5 8.4 ± 9.7 9.4 ± 9.2 0.23
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occurrence (the composite endpoint), new development or
progression of albuminuria and renal failure outcomes.
Mean first-year HbA1c, ambulatory BP and aortic stiffness
were the main predictors of renal outcomes. Mean HbA1c

level was a significant predictor in Cox analyses but its pre-
dictive importance attenuated towards borderline significance
in competing risks analyses. Otherwise, aortic stiffness was a
significant predictor of microalbuminuria development/
progression and ambulatory SBP was a significant predictor
of renal failure outcomes, both in Cox and in competing risks
analyses. No evidence of interaction (all p > 0.20) was ob-
served between any independent predictor and baseline albu-
min excretion rate and eGFR, suggesting that the potential
protective effect of better blood glucose and BP control on
renal outcomes was not influenced by abnormal albuminuria
or worsening renal function.

Table 3 shows the predictive strength of several BP vari-
ables for the three renal outcomes, adjusted for the other inde-
pendent predictors and potential confounders in the competing
risks framework. On the whole, systolic BP was a better pre-
dictor than diastolic BP. At baseline, ambulatory BP was a
better predictor than BP measured in the clinic. Mean cumu-
lative clinic SBP during follow-up presented the strongest

association with the adverse renal outcomes, although base-
line ambulatory SBP was a predictor equal to cumulative clin-
ic SBP for worsening of renal function. The nocturnal fall in
BPwas not associated with any renal endpoint occurrence.We
found no evidence of interaction between HbA1c levels and
any of the BP variables (all p > 0.20 for interaction terms),
suggesting that their effects on renal outcomes were indepen-
dent and additive on the log scale. Electronic supplementary
material (ESM) Table 1 shows similar results using classic
Cox analysis.

In sensitivity analysis excluding individuals with pre-
existent DKD at baseline, increasing aortic stiffness still pre-
dicted development of microalbuminuria (HR 1.34; 95% CI
1.01, 1.78; p = 0.044 for increment of 1 SD in cf.-PWV) and
ambulatory SBPs still predicted renal function worsening
(24 h SBP: HR 1.85; 95% CI 0.97, 3.52; p = 0.063; daytime
SBP: HR 1.49; 95% CI 1.04, 2.12; p = 0.029). In the same
way, after excluding individuals with endpoint occurrence
during the first 3 years of follow-up, ambulatory BPs still
predicted renal failure outcomes (24 h SBP: HR 1.59; 95%
CI 1.00, 2.50; p = 0.048; daytime SBP: HR 1.44; 95%CI 1.14,
1.82; p = 0.002), as did mean first-year clinic SBP (HR 1.30;
95% CI 1.01, 1.68; p = 0.041), suggesting that there was no

Table 1 (continued)

Characteristic All participants
(n = 629)

Participants without
renal outcomes
(n = 434)

Participants with
renal outcomes
(n = 195)

p value
(renal outcome vs

no renal
outcome)

Normal DBP dipping pattern, % 45.5 45.2 46.1 0.86

Laboratory variables

Fasting glucose, mmol/l 8.96 ± 3.94 8.03 ± 4.04 8.74 ± 3.82 0.35

Baseline HbA1c, % 8.0 ± 2.0 8.0 ± 1.9 8.1 ± 2.1 0.35

Baseline HbA1c, mmol/mol 64 ± 19.5 64 ± 18.4 65 ± 20

Mean first-year HbA1c, % 7.7 ± 1.5 7.6 ± 1.4 7.9 ± 1.7 0.016

Mean first-year HbA1c, mmol/mol 61 ± 14 60 ± 13 63 ± 16.2

Mean second-year HbA1c, % 7.7 ± 1.5 7.6 ± 1.4 8.0 ± 1.7 0.009

Mean second-year HbA1c, mmol/mol 61 ± 14 60 ± 13 64 ± 16.2

Mean cumulative HbA1c, % 7.8 ± 1.3 7.7 ± 1.3 8.0 ± 1.4 0.002

Mean cumulative HbA1c, mmol/mol 62 ± 11.9 61 ± 11.9 64 ± 13

Triacylglycerol, mmol/l 1.6 (1.0–2.4) 1.6 (1.1–2.3) 1.6 (1.1–2.7) 0.71

HDL-cholesterol, mmol/l 1.05 ± 0.30 1.10 ± 0.30 1.08 ± 0.30 0.43

LDL-cholesterol, mmol/l 3.07 ± 1.02 3.07 ± 1.02 3.05 ± 1.03 0.82

eGFR, ml min−1 1.73 m−2 92 ± 33 93 ± 33 88 ± 34 0.070

AER, mg/24 h 14 (7–43) 11 (7–33) 21 (9–101) <0.001

Echocardiographic LVMI, g/m2.7 52.5 ± 16.9 51.2 ± 15.9 55.2 ± 18.7 0.010

Echocardiographic LVH, % 60.8 59.9 62.7 0.51

Aortic stiffness (cf-PWV), m/s 8.8 ± 1.9 8.6 ± 1.8 9.1 ± 2.0 0.004

Increased aortic stiffness (cf-PWV >10 m/s), % 23.0 21.1 27.0 0.11

Data are expressed as proportions, means ± SD or medians (interquartile range)

AER, albumin excretion rate; LHV, left ventricular hypertrophy (for women >44 g/m2.7 ; for men >48 g/m2.7 ); LVMI, left ventricular mass index
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reverse causality between baseline and first-year BP and renal
function worsening.

Discussion

This study has novel and clinically important findings. It dem-
onstrated, as far as we know for the first time in type 2 diabetes
using a competing risks analysis, that at baseline ambulatory
BP was a better predictor than clinic BP for assessing the risk
of DKD development and progression. This was particularly
evident for clinical renal failure outcomes. Further, it demon-
strated for the first time in an occidental population the prog-
nostic importance of increased aortic stiffness to abnormal
albuminuria development/progression, revealing potential
new relationships between macro- and microvascular disease
in type 2 diabetes. Overall, our findings not only emphasise
the pivotal role of optimising control of blood glucose and BP
in the prevention of DKD development/progression, but also
provided strong support for more widespread use of ambula-
tory BP monitoring and aortic stiffness assessment in clinical
diabetes management.

There have only been two previous studies [23, 24], in
Asian populations, that investigated the associations between
aortic stiffness and renal outcomes. The first [23], involving
461 Japanese individuals with type 2 diabetes followed-up for
a median of 5.9 years, demonstrated the prognostic value of
aortic stiffness for abnormal albuminuria development/
progression and reported an association with eGFR decline.
However, this study enrolled only hospitalised patients with

high baseline HbA1c (around 9.0% [74.9 mmol/mol]) and did
not adjust for some important confounders, such as diabetes
duration. The second of these studies [24], involving 577
Taiwanese individuals followed for only 1 year, reported asso-
ciations between arterial stiffness and eGFR decline. However,
the use of a method that measured mainly peripheral arterial
stiffness (the brachial–ankle pulse wave velocity), the very
short follow-up and the lack of statistical adjustment for several
important confounders, such as diabetes duration, BP levels
and albumin excretion rate, severely compromised its findings.
Our study examined a larger sample of outpatients, followed
them for a longer period and used a more comprehensive sta-
tistical adjustment in a competing risks setting. We confirmed
the prognostic importance of increased aortic stiffness, mea-
sured by its gold-standard (the cf-PWV [30]), in predicting
future development/progression of abnormal albuminuria in
an occidental population with type 2 diabetes. The previous
studies [23, 24] found associations between arterial stiffness
and the annual rate of eGFR decline, whereas we did not find
any association with clinical renal failure outcomes. In the two
earlier analyses, however, the rate of eGFR decline and classic
clinical renal failure outcomes are different endpoints and not
comparable or interchangeable at all. On the other hand, it is
well-established that a significant proportion of diabetic indi-
viduals develop advanced renal failure without albuminuria
development or progression [2, 32]. Indeed, in our cohort, of
the 91 individuals who experienced one of the renal failure
outcomes, abnormal albuminuria only developed or progressed
concomitantly in 21 (23%). Hence, it was not unexpected to
observe that increased aortic stiffness was a major predictor of

Table 2 Independent predictors of renal outcomes in participants with type 2 diabetes after a median follow-up of 7.7 years

Independent predictor Composite renal outcome
(195 events)

Albuminuria development
or progression
(125 events)

Renal failure outcomes
(91 events)

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Competing risks analysis

Mean first-year HbA1c 1.17 (0.98, 1.40) 0.09 1.21 (0.95, 1.54) 0.13 1.25 (1.00, 1.57) 0.052

Ambulatory daytime SBP 1.28 (1.09, 1.50) 0.003 1.17 (0.96, 1.44) 0.12 1.32 (1.09, 1.60) 0.005

Aortic stiffness (cf-PWV) 1.16 (1.00, 1.34) 0.052 1.26 (1.02, 1.56) 0.036 1.08 (0.88, 1.33) 0.44

Cox survival analysis

Mean first-year HbA1c 1.22 (1.04, 1.44) 0.018 1.26 (1.03, 1.55) 0.022 1.27 (1.02, 1.59) 0.036

Ambulatory daytime SBP 1.29 (1.12, 1.49) <0.001 1.18 (0.98, 1.43) 0.080 1.41 (1.16, 1.71) 0.001

Aortic stiffness (cf-PWV) 1.15 (0.99, 1.34) 0.066 1.26 (1.04, 1.53) 0.018 1.06 (0.85, 1.32) 0.59

Data from competing risks (Fine and Gray approach) and Cox analyses are shown and are expressed as subdistribution HR (95%CI) for competing risks
analysis and as HR (95% CI) for Cox analysis, estimated for increments of 1 SD in each predictive variable

Candidate variables for entering the predictive models were as follows: BMI, smoking status, physical activity, dyslipidaemia, arterial hypertension,
glucose-lowering treatment (metformin and insulin), antihypertensive treatment (number and classes of drugs), baseline clinic and ambulatory 24 h SBP,
mean first-year HbA1c, each macrovascular (coronary, cerebrovascular and peripheral arterial disease) and microvascular (retinopathy and neuropathy)
diabetic complication and aortic stiffness. All models were further adjusted for age, sex, diabetes duration, baseline albumin excretion rate and eGFR, and
use of an ACEi or ARB
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microalbuminuria development, the classic physiopathological
pathway of diabetic nephropathy, but not of ESRD outcomes,
which probably involve other physiopathological mechanisms,
such as metabolic, inflammatory and haemodynamic factors [2,
32, 33]. Interestingly, we have recently shown that increased
aortic stiffness also predicted the development and worsening
of peripheral neuropathy, another common diabetic microvas-
cular complication [25]. This supports the use of aortic stiffness
as an intermediary surrogate marker for both macro- and mi-
crovascular complications in type 2 diabetes [34] and sheds
light on the possible inter-relationships between macro- and
microcirculatory abnormalities. Increased aortic stiffness, by
losing the normal aortic buffering function on pulsatile forces,
may increase the transmission of high, potentially damaging,
pulsatile pressure waves to the microcirculation. This may be
particularly hazardous in high-flow/low-resistance organs, such
as the kidney, leading to endothelial dysfunction and damage,
favouring the development of microalbuminuria [34].

It has been consistently demonstrated that 24 h ambulatory
BP is better at predicting cardiovascular risk than BP mea-
sured in an office setting [14, 15, 28]. However, information
is still scarce regarding its value for estimating the risk of renal

endpoints in type 2 diabetes. Data mainly come from cross-
sectional studies that reported ambulatory BP thresholds asso-
ciated with abnormal albuminuria in type 2 diabetes [26, 35].
Since the seminal study by Lurbe and colleagues [36] in type 1
diabetes, only two prospective studies [16, 17] have addressed
the importance of ambulatory BP variables to renal outcomes
in individuals with type 2 diabetes. These studies evaluated
only microalbuminuria development/progression and both re-
ported that the best ambulatory BP predictor was 24 h pulse
pressure, which is a well-known surrogate for increased arte-
rial stiffness, in agreement with our findings. In the present
study, baseline ambulatory SBP was better than clinic SBP
and was as important as mean cumulative SBP during
follow-up for prediction of renal failure outcomes. However,
for development/progression of microalbuminuria, we
showed that the mean SBP achieved during follow-up was a
stronger predictor than baseline BP. This is in accordance with
a recent post hoc analysis of the Atherosclerosis Risk in
Communities (ARIC) database, which demonstrated that the
best prediction model of cardiovascular risk was obtained by
using the mean cumulative BP during follow-up [37].
Otherwise, the importance of the nocturnal fall in BP in

Table 3 Predictive value of clinic and ambulatory BP variables measured at different time intervals during follow-up for the three renal outcomes,
estimated by competing risks analysis (Fine and Gray approach)

Variable Composite renal outcome
(195 events)

Albuminuria development or progression
(125 events)

Renal failure outcomes
(91 events)

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

SBP

Baseline clinic 1.05 (0.89, 1.25) 0.56 1.14 (0.93, 1.40) 0.22 1.00 (0.78, 1.26) 0.96

Mean first-year clinic 1.23 (1.04, 1.44) 0.014 1.18 (0.97, 1.44) 0.10 1.19 (0.95, 1.50) 0.13

Mean second-year clinic 1.31 (1.12, 1.52) <0.001 1.31 (1.07, 1.59) 0.009 1.24 (1.01, 1.52) 0.044

Mean cumulative clinic 1.39 (1.18, 1.65) <0.001 1.31 (1.06, 1.62) 0.014 1.30 (1.05, 1.62) 0.018

Ambulatory 24 h 1.33 (0.98, 1.80) 0.070 1.10 (0.74, 1.65) 0.64 1.55 (1.01, 2.40) 0.048

Ambulatory daytime 1.28 (1.09, 1.50) 0.003 1.17 (0.96, 1.44) 0.12 1.32 (1.09, 1.60) 0.005

Ambulatory night-time 1.13 (0.99, 1.31) 0.080 1.05 (0.87, 1.26) 0.63 1.25 (1.04, 1.50) 0.018

Nocturnal fall 1.10 (0.95, 1.28) 0.22 1.13 (0.93, 1.37) 0.21 1.00 (0.81, 1.23) 0.99

DBP

Baseline clinic 0.94 (0.81, 1.10) 0.44 0.98 (0.80, 1.19) 0.80 0.94 (0.74, 1.19) 0.58

Mean first-year clinic 0.96 (0.81, 1.14) 0.64 0.90 (0.73, 1.12) 0.36 1.00 (0.78, 1.27) 0.98

Mean second-year clinic 1.12 (0.95, 1.33) 0.18 1.02 (0.82, 1.26) 0.88 1.27 (1.01, 1.58) 0.038

Mean cumulative clinic 1.23 (1.03, 1.47) 0.024 1.15 (0.92, 1.45) 0.22 1.18 (0.93, 1.50) 0.17

Ambulatory 24 h 1.18 (1.00, 1.38) 0.050 1.09 (0.88, 1.34) 0.44 1.28 (1.04, 1.58) 0.022

Ambulatory daytime 1.20 (1.03, 1.40) 0.024 1.09 (0.89, 1.33) 0.41 1.30 (1.05, 1.61) 0.017

Ambulatory night-time 1.07 (0.92, 1.25) 0.39 0.98 (0.80, 1.20) 0.82 1.20 (0.99, 1.47) 0.068

Nocturnal fall 1.11 (0.96, 1.29) 0.16 1.15 (0.95, 1.39) 0.15 1.02 (0.81, 1.29) 0.85

Data are expressed as subdistribution HR (95% CI) (Fine and Gray approach) for competing risks analysis, estimated for increments of 1 SD in each
predictive variable

All models were adjusted for age, sex, diabetes duration, presence of diabetic kidney disease at baseline (albumin excretion rate and eGFR), use of ACEi
or ARB, aortic stiffness and HbA1c level
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addition to mean ambulatory BP for predicting DKD progres-
sion remains unclear in individuals with type 2 diabetes. We
did not observe any prognostic value at all, either for
microalbuminuria or for renal failure outcome. One of the
previous studies reported similar findings [38], whereas the
other [17] reported that fall in diastolic BP did contribute.

The importance of blood pressure control, particularly SBP,
is largely established for prevention of DKD development and
progression [2, 7, 33]. However, the optimal BP goal is still
under debate. Although observational cohort studies, includ-
ing the present one, support a continuous direct association
between BP levels and renal outcomes risks; few intervention-
al studies indeed achieved BP levels below 130/80 mmHg
[39, 40]. These studies suggested that reducing BP to these
levels may prevent abnormal albuminuria development or
progression, but did not lower clinical renal failure outcomes
in relation to values around 135/85 mmHg [7, 8, 10, 12]. Two
recent meta-analyses [7, 10] confirmed that the best renal pro-
tection obtained by BP reduction was observed when individ-
uals had clinic SBP >140 mmHg at baseline and achieved
mean SBP dur ing fol low-up between <140 and
≥130 mmHg. Reducing SBP to <130 mmHg only prevented
progression of abnormal albuminuria [7] and did not improve
ESRD outcomes [7, 10].

The importance of optimal blood glucose control in
preventing the development and progression of abnormal al-
buminuria is well accepted and indeed is one of the main
factors recommended in the prevention and management of
DKD [2, 32, 33]. However, the impact of strict blood glucose
control on ESRD outcomes is still debatable. The Action in
Diabetes and Vascular Disease: Preterax and Diamicron MR
Controlled Evaluation (ADVANCE) trial in type 2 diabetes [6,
13] and the Diabetes Control and Complications Trial/
Epidemiology of Diabetes Interventions and Complications
(DCCT/EDIC) in type 1 diabetes [41] both found a protective
effect; the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) [12] and the Veterans Affairs Diabetes Trial
(VADT) [42] and two meta-analyses in type 2 diabetes [5, 9]
all showed no effect on ESRD outcomes, although all these
studies recognised their low statistical power because of the
low incidence of this endpoint due possibly to short follow-up
periods. We showed that a higher mean HbA1c during the first
year of follow-up, which was when greatest HbA1c reduction
occurred, was predictor of both outcomes in classic Cox pro-
portional hazards analysis, although the competing risks
analysis attenuated its predictive capacity to non-significant
values for adverse renal outcomes. However, it should be not-
ed that the Cox and competing risks analyses provide two
different risk estimands.

There are some limitations of this study that should be
addressed. First, this study enrolled middle-aged to elderly
high-risk individuals with long-standing type 2 diabetes at a
tertiary-care institution. Therefore, our findings may not be

generalised to younger individuals with recent-onset diabetes
or individuals who are undergoing primary care management.
Second, it is an observational cohort so neither cause-and-
effect relationships nor physiopathological mechanisms can
be inferred, but only speculated. Moreover, although we ne-
gated the possibility of reverse causality between increased
baseline and first-year BP values and DKD development/pro-
gression, it still might have influenced particularly the associ-
ations between cumulative SBP during follow-up and renal
outcomes, where increasing BP might be a consequence of
DKD progression, instead of its predictor. Third, we did not
address any correction for multiple comparisons. However, if
we had applied Bonferroni’s correction, since we had three
outcomes for each predictor (the composite endpoint and its
two separate components), we would have considered a p
value <0.02 as significant.With this more conservative thresh-
old, only baseline ambulatory BP and follow-up clinic BP
would not be considered significant predictors. On the other
hand, the main strength is that our well-documented cohort
allowed us to perform a comprehensive competing risks
analysis of possible factors that could have an impact on the
associations with renal outcomes. Furthermore, all partici-
pants underwent serial 24 h albumin excretion rate measure-
ment at baseline and during follow-up, which is considered
the gold-standard method.

In conclusion, this prospective observational cohort study
demonstrated that baseline ambulatory systolic BP and aortic
stiffness were important predictors of diverse renal outcomes
in high-risk individuals with type 2 diabetes and should be
included into their routine clinical management. Whether spe-
cifically targeting ambulatory BP and attenuating aortic stiff-
ness, beyond the recommended clinic BP and blood glucose
control, will be able to prevent or delay development or pro-
gression of DKD shall be the focus of future intervention
studies.
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