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Background: Chronic kidney disease (CKD) complicates hypertension and diabetes. Knowledge of the deterioration rate of CKD may anticipate adjustment of therapies with renal elimination. This study evaluates the rate of annual deterioration of renal function in hypertensive
patients either with type 2 diabetes (DM2) or without it (non-DM) followed for 5 years and
relates it with blood pressure (BP) and glycemic control.
Materials and methods: Out of a total of 1924 patients, 1023 patients (594 non-DM and 429
DM2, 53% female, aged 62.1±10.2 years) were evaluated over 5 years for the annual evolution
of renal function (estimated glomerular filtration rate [eGFR], Modification of Diet in Renal
Disease) ambulatory 24-hour blood pressure and metabolic parameters, corresponding to the
analysis of 2378 patient-years.
Results: DM2 and non-DM did not differ for age, mean 24-hour BP levels, nighttime BP,
albuminuria, and body mass index. DM2 versus non-DM showed a higher (p<0.02) prevalence
of stage 3 CKD (24.0% vs 18.0%, eGFR 30–59), stage 4 (5.4% vs 2.7%, eGFR 15–29), and
stage 5 (0.8% vs 0.5%, eGFR <15). Average annual decline of eGFR was 3.3±8.2 in DM2 versus
2.4±7.7 in non-DM (p=0.12, nonsignificant). Annual changes of eGFR and of albuminuria correlated (r=0.578, p<0.001). In multivariate analysis, age, nighttime BP, double inhibition of renin
angiotensin system, albuminuria, and HbA1c >8.0% in DM2 predicted the decline in eGFR. On
average, 16.2% of DM2 and 13.1% of non-DM moved each year toward a more severe stage of
CKD. For initial eGFR <90 mL/min/1.73 m2, 26.4% of DM2 and 18.1% of non-DM patients
showed a reduction per year >10% from the previous eGFR value (p=0.042).
Conclusion: Progressive deterioration of renal function each year is frequent in hypertensive
diabetic and non-diabetic patients. Beyond aging, this is particularly dependent on BP control
particularly at nighttime, on drug therapy, and on highly abnormal glucose control.
Keywords: renal function, annual deterioration, hypertension, diabetes, chronic kidney disease,
diabetes type 2, caucasians, adults
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Hypertension is a highly prevalent disease that is strongly associated with an increased
risk of cardiovascular and renal events.1 Also diabetes mellitus, particularly type 2
(DM2), is also a major health problem representing >8% of the world adult population.2
Hypertension and DM2 are important causes of chronic kidney disease (CKD).3–6 In
DM2, the main characteristics of CKD, that is, reduction of glomerular filtration rate
(GFR) and albuminuria, are important predictors of cardiovascular complications both
in general population7 and in patients with DM2.8,9 However, the natural history of CKD
in DM2 and hypertension seems to be heterogeneous since the rate of progression of
albuminuria and the rate of decrease of GFR do not always occur in parallel10,11 as well
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as on its relation with cardiovascular risk. It is well known that
renal function and creatinine clearance declines after 30 years
of age.12–15 The relationship of deterioration of renal function
with hypertension16,17 and diabetes8,18 has been established.
However, it has been shown19 that a decline in renal function
is more associated with a difference in the systolic blood pressure (SBP) but not with the diastolic BP. Knowledge of the
deterioration rate of CKD in both hypertensive patients with
and without diabetes may have several clinical implications.
For example, in overtreated patients it may be important to
anticipate adjustment of therapies with predominant renal
elimination or otherwise to select drugs where the pharmacokinetics is not dependent on renal function. Since hypertensive
and diabetic patients are commonly highly medicated, this
study aimed to evaluate the rate of annual deterioration of
renal function in a large cohort of hypertensive patients either
with DM2 or without it (non-DM2) followed for 5 years in
a reference outpatient hospital clinic of hypertension and to
relate it with BP and glycemic control. Since ambulatory BP
(ABP) and particularly nighttime BP20 is an important marker
of cardiovascular prognosis, it was also intended to investigate
how ABP associates with the decline of renal function in both
diabetic and non-diabetic patients with hypertension.

Methods
Participants and measurements
This retrospective observational study included 1924 diabetic
and non-diabetic hypertensive patients who were observed in
the Hypertension Unit Hospital Pedro Hispano, Matosinhos,
Portugal, between 2000 and 2014. Only patients with 4 or 5
valid determinations of plasma creatinine in the last 5 years
were included. Excluding criteria were the presence of arm
circumferences >41 cm, atrial fibrillation or other arrhythmias that could interfere with ABP recordings, and previous
cardiovascular events.

Blood pressure measurement
At the first year of study, BP was measured in office (casual
BP) before ABP monitoring with validated semiautomatic
devices after 5 minutes of rest in a sitting position. Office BP
value was considered the average of three readings taken 2
minutes apart. ABP monitoring studies were carried out for
24–25 hours on a working weekday with a Spacelabs 90207
(Redmond, WA, USA). Appropriate cuff sizes were used.
The patients were instructed to engage in normal activities,
but to avoid strenuous exercise, keep the arm immobile,
and stop moving and talking at the time of cuff inflation. BP
readings were obtained automatically at 20-minute intervals
during the awake (daytime) period and at 30-minute intervals
232
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d uring sleep (nighttime) periods. At least 85% of valid recordings were required. The absolute and the percentage of the
decrease of nighttime SBP versus daytime SBP were calculated in all subjects. Patients were instructed to undertake
their usual daily activities. These periods were considered
as representatives of the awake and sleep blood pressures,
respectively. The nocturnal SBP fall (%) was calculated as
100 × (1 − sleep SBP/awake SBP ratio). All individual data
such as age, gender, body mass index (BMI), and details
of antihypertensive treatment were collected at the time of
ABP monitoring. All individual ABP monitoring recordings, as well as subjects’ anthropometric data and ongoing
therapeutics, were exported with a macro to a spreadsheet
from which all calculations were done.
The BMI was calculated by dividing the weight in kilograms
by the square of the height in meters, and obesity was defined
as BMI ≥ 25.0 kg/m2 for both men and women. Subjects
were identified as having diabetes if they had at any moment
fasting plasma glucose concentrations ≥126 mg/dL, glycated
hemoglobin (HbA1c) values ≥6.5%, or if they were on antidiabetic medications. Triglyceride and low-density lipoprotein
cholesterol concentrations were measured by using enzymatic
methods, and high-density lipoprotein cholesterol concentrations were measured directly. Twenty-four-hour urine collection
was obtained during the first year of the study and during at
least two of the next years to measure urinary albumin levels.
Completeness of 24-hour sampling was assured as described
previously.21 Serum creatinine was measured by using an enzymatic method, and the estimated GFR (eGFR, expressed as mL/
min/1.73 m2) was calculated using the chronic kidney disease
epidemiology collaboration equation22 and by the Modification
of Diet in Renal Disease (MDRD) variable equation. Because
important differences between these two equations were not
found, this study opted to use MDRD as the elected method to
evaluate eGFR. Stages of CKD were defined concerning eGFR
level (mL/min/1.73 m2) as stage 1 (>90), stage 2 (>60 to 90),
stage 3a (>45 to 60), stage 3b (>30 to 45), stage 4 (>15 to 30),
and stage 5 (≤15). The Ethics Committee of Hospital Pedro Hispano approved the protocol of the study that incorporated both
the inclusion and analysis of that data. Considering the nature
of the study, patient consent to review the medical records was
not required and patient data confidentiality was fully assured.

Statistical analysis

Data are shown as mean ± SD if normally distributed or
otherwise as a percentage. Continuous variables in patient
groups were compared by analysis of variance. Categorical
variables were compared by χ2 test. Student’s t-test was used
for continuous variables and Pearson’s test for linear correlaVascular Health and Risk Management 2017:13
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tions. Multivariate model for the annual reduction of eGFR
>10% was undertaken using covariates selected for entry into
each linear regression model if crude p value was <0.10. A
p<0.05 was accepted as statistically significant. Statistical
analysis was performed by using Statistical Package for the
Social Sciences version 22.0 (SPSS Inc., Chicago, IL, USA).

Results
Out of a total of 1924 patients, 1023 patients (594 non-DM and
429 DM2, 53% female, aged 62.1 ± 10.2 years) were evaluated over 5 years for the annual evolution of renal function
(eGFR) corresponding to the analysis of 2378 patient-years.
As shown in Table 1, DM2 did not differ from non-DM for
the general anthropometric values as well as for casual and
ABP mean net values; nighttime BP fall; plasma creatinine,
lipids, uric acid, and albuminuria; and the number of antihypertensive and antidyslipidemic drugs. DM2 versus non-DM
showed a significantly higher HbA1c value, and only diabetic
patients received antidiabetic drugs. Table 1 also shows the

annual deterioration of renal function in DM2 and non-DM
hypertensive patients. Each year, eGFR was reduced in percentage and in net average values by 3.2 in DM2 versus 2.4
mL/min/1.73 m2 in non-DM (p=0.056, ns [non-significant]),
being slightly higher (p=0.051) in DM2 female versus DM2
male (3.5±11.2 vs 2.9±10.4 mL/min/1.73 m2, p=0.051),
and in non-DM female than in non-DM male (2.7±10.2 vs
2.2±10.7 mL/min/1.73 m2, p=0.10). Table 1 shows that the
annual reduction of eGFR was generally greater in subjects
with higher baseline eGFR and lower in subjects with the
lowest baseline eGFR. In the subgroups of baseline eGFR particularly in the subgroup with eGFR between 60 and 90 mL/
min/1.73 m2 and in the subgroup with eGFR <45 mL/min/1.73
m2, the annual reduction of eGFR was higher in patients with
DM2 than in non-DM patients. Table 1 shows that on average
14.9% of all DM2 and non-DM patients moved each year
toward a more severe stage of CKD (within the stages 1, 2, 3a,
3b, 4, and 5) with no statistical significance between groups of
DM2 versus n on-DM. Also for initial eGFR <90 mL/min/1.73

Table 1 Clinical and demographic characteristics of study participants

Age (years)
Female (%)
BMI (kg/m2)
Casual BP (mmHg)
24-hour ABP (mmHg)
Daytime ABP (mmHg)
Nighttime ABP (mmHg)
Nighttime SBP fall (%)
Creatinine (mg/dL)
HbA1c (%)
LDL-C (mg/dL)
Albuminuria (mg/24 h)
Number anti-hypertensive drugs (per patient)
Number antidiabetic drugs (per patient)
Number antidyslipidemic drugs (per patient)
Patients with eGFR reduction per year >10%
Percentual reduction of eGFR per year
eGFR reduction per year (ml/min/1.73 m2)
eGFR reduction per year according to baseline eGFR
(ml/min/1.73 m2)
>90
60–90
45–59
<45
Percentage of patients who moved each year toward a
more severe stage of CKD
All patients
Each subgroup

DM2, n=429
(1065 patient‑years)

Non-DM, n=594
(1312 patient‑years)

p-value

60.9±10.1
53.1
28±6
153/89±14/10
134/83±12/10
138/82±15/11
123/74±16/10
10.2±7.1
1.1±0.4
7.2±4.8
122±21
145±430
2.4±1.2
1.9±0.3
0.9±1.5
26.4%

62.8±10.5
52.0
29±8
158/89±11/10
136/84±11/11
139/86±14/10
122/73±15/10
11.4±6.7
1.0±0.6
5.1±1.4
126±29
130±370
2.2±1.6
0
0.7±1.3
18.1%*

3.9±15.2%
3.2±10.9

2.5±15.9%
2.4±11.2

ns
ns
ns
ns
ns
ns
ns
ns
ns
0.001
ns
ns
ns
ns
ns
0.042
ns
ns

3.0±5.0 (n=142)
1.9±4.2 (n=214)
0.9±2.1 (n=55)
1.6±2.8 (n=29)

2.9±4.6 (n=267)
1.1±3.1 (n=241)
0.7±2.6 (n=61)
0.4±1.1 (n=25)

ns
0.045
ns
0.043

14.9%
16.1%

13.1%

ns
0.051

Note: Data presented as mean ± standard deviation unless stated otherwise.
Abbreviations: ABP, ambulatory blood pressure; BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease; DM2, type 2 diabetes; eGFR, estimated
glomerular filtration rate; HbA1c, glycosilated hemoglobin; LDL-C, low-density lipoprotein cholesterol; ns, nonsignificant; SBP, systolic blood pressure.
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m2, 26.4% of DM2 and 18.1% of non-DM patients showed a
reduction per year of >10% of the previous GFR value (Χ2,
p=0.042). As shown in Figure 1, DM2 versus non-DM disclosed a higher prevalence of stage 3 CKD (GFR 30–59 mL/
min/1.73 m2), that is, 24.0% versus 18.0% (p<0.02) and higher
prevalence of stage 4 and 5 CKD. Figure 2 shows that the
reduction per year of eGFR correlated significantly with the
annual increase of 24-hour urinary albumin excretion (after
transformation to logarithm values). Also the annual decline
of renal function was higher in subjects with albuminuria ≥30
mg/24 hours (n=353) than in subjects with albuminuria <30
mg/24 hours (an eGFR decline of 3.10±5.92 vs 1.41±4.13
mL/min//1.73 m2 per year, p<0.01). Table 2 shows the result
of multivariate analysis in which age, nighttime BP, the use
of double inhibition of renin angiotensin system, baseline values of HbA1c >8.0%, and baseline 24-hour urinary albumin
excretion (converted to logarithm values) were independent
factors associated with the deterioration of GFR (>10% per
year). BMI had no significant effect on the annual decline of
eGFR in our patients. Baseline levels of albuminuria (after
transformation to logarithm values) correlated significantly
with the baseline ABP values particularly with nighttime systolic BP (r=0.278, p<0.001), with HbA1c (r=0.180, p<0.004)
and with eGFR (r=0.443, p<0.001) but not with age, BMI,
and gender. However, the annual increase of 24-hour urinary
albumin excretion (after transformation to logarithm values)
correlated only with the decline of GFR but not with baseline
values of age, ABP levels, HbA1c, and BMI.
60.00
Population within each of the CKD stages (%)
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Discussion
CKD complicates hypertension and diabetes. Knowledge
of the deterioration rate of CKD may anticipate adjustment
of therapies with predominant renal elimination. This study
aimed to evaluate the rate of annual deterioration of renal
function in a large cohort of hypertensive patients either with
(DM2) or without (non-DM) diabetes followed for 5 years in
a reference outpatient hospital clinic of hypertension and to
relate it with BP and glycemic control. We also assessed some
clinical and biochemical factors associated with the annual
eGFR loss. It was found that a progressive deterioration of
renal function each year is frequent in diabetic and nondiabetic hypertensive patients and is between 2.4 and 3.2 mL/
min /1.73 m2 per year. Particularly in diabetic patients, such
data are in line with results from others5,10,23–25 with similar
ages and baseline renal function. In addition to these findings,
it was found that 26% of diabetic and 18% of non-diabetic
patients present each year with deterioration of the renal
function that is expressed by the decline per year of eGFR
>10%. As expected, the net value of annual decline of eGFR
was more pronounced in subjects with baseline eGFR >60
mL/min/1.73 m2 than in subjects with a more deteriorated
renal function at baseline. This study cannot exclude that it
may represent a possible normalization of hyperfiltration
or the beginning of the decline related to CKD. Also it was
observed that ~15% of patients move each year toward a more
severe stage of CKD. These data may have several clinical
implications. Such a predictable annual decline in renal funcNon-DM

49.0

50.00

DM2
47.4

40.00
29.5
22.1
20.00
13.5
9.6

10.00

8.4

10.5
2.7

5.4*
0.5 0.8

0.00
>90
Stage 1

60–89
Stage 2

45–59
Stage 3a

30–44
Stage 3b

15–29
Stage 4

<15
Stage 5

Stages of CKD (eGFR mL/min/1.73 m2)
Figure 1 Prevalence of stages of CKD in hypertensive patients with DM2 and non-DM.
Note: *P<0.05 DM2 vs non-DM.
Abbreviations: DM2, type 2 diabetes; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.
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40.00

r =0.578
p<0.001
n=431

30.00

20.00

10.00

0.00

–10.00

–20.00
–4.00

2.00
–2.00
0.00
Log of annual increase in albuminuria (mg/24 h)

4.00

Figure 2 Annual reduction plot of eGFR versus annual increase in albuminuria.
Abbreviation: eGFR, estimated glomerular filtration rate.

Table 2 Multivariate analysis assessing independent factors associated with the reduction per year of the eGFR >10% in all the
population
B
Step 1
Age
SBP nighttime
Double RAS inhibitors
HbA1c >8%
Log albuminuria
Type 2 diabetes
Constant

0.029
0.023
1.462
1.365
1.908
1.359
-7.594

SE

0.008
0.007
0.373
0.331
0.239
0.322
1.270

Wald

12.814
11.321
15.388
17.018
66.580
17.852
35.773

Significance

0.001
0.001
0.001
0.001
0.001
0.001
0.001

Exp(B)

1.03
1.024
4.313
3.914
6.743
3.893
0.002

95% CI for Exp(B)
Lower

Upper

1.013
1.01
2.078
2.047
4.263
2.072

1.046
1.038
8.953
7.485
10.664
7.313

Abbreviation: CI, confidence interval; eGFR, estimated glomerular filtration rate; HbA1c, glycosilated hemoglobin; RAS, renin angiotensin system; SBP, systolic blood
pressure; SE, standard error.

tion strongly recommends the need for a frequent analytical
control (at least twice a year) of the renal function in these
patients, especially when they are treated with many medications (such as several antidiabetic and antihypertensive drugs)
that are predominantly excreted by kidneys, thus requiring
important dose adjustments as soon as renal function deteriorates. Otherwise, whenever possible, the preference in
these stages for drugs that are not excreted predominantly by
kidneys may be advisable. This study observed that several
factors seem to contribute independently to the annual deterioration of renal function such as age and diabetes condition, baseline values of nighttime BP and albuminuria, and
the simultaneous use of two or more drugs from the family
of renin–angiotensin–aldosterone modulators. Confirming
Vascular Health and Risk Management 2017:13

other data,13–15 age was an important determinant of the
annual eGFR loss. However, annual rate of decline of eGFR
in this study was much higher compared to that found13 in
healthy subjects (0.85 mL/min/1.73 m2 per year) and in
hypertensive populations (1.18 mL/min/1.73 m2 per year)
with the same age. The reduction of GFR and albuminuria
are considered important markers of progression toward CKD
and cardiovascular events in the general population7 and in
patients with DM2.8,9 However, the cause of CKD in DM2
and hypertension seems to be heterogeneous because not
always do the rate of progression of albuminuria and the rate
of decrease of GFR occur in parallel.10,11 It was found that the
annual decline of eGFR correlated with the annual increase
in albuminuria. Also in both DM2 and non-DM patients, the
submit your manuscript | www.dovepress.com
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presence of albuminuria ≥30 mg/day was associated with
double the rate of decline of eGFR. It has been suggested19
that particularly in patients with proteinuria the increase in
BP strongly accelerates kidney damage. This study showed
that high ABP and proteinuria were independently related
with greater decline of eGFR. This may agree with data
from others19,26 who showed that subjects with higher grades
of proteinuria had faster eGFR decline when higher casual
BP was present. This may indicate that BP particularly during 24 hours must be rigorously controlled in subjects with
proteinuria as has been recommended.1 Also, at baseline,
albuminuria and eGFR shared common risk factors, such as
ABP values and HbA1c levels. Although this may suggest
some interdependence between these variables, as described
by others10,23–25,27 a distinct set of variables was found, which
predicted one but not the other. In fact whereas the annual
decline of eGFR was predicted by age, diabetes condition,
baseline values of nighttime BP and albuminuria, and the
simultaneous use of two or more drugs from the family of
renin–angiotensin–aldosterone modulators, the only variable
that predicted the annual increase of albuminuria was the
annual decline of eGFR. Concerning the role of glycometabolic control, as previously described by others,10,28 it was
found that HbA1c was related to baseline albuminuria but
not with baseline or annual decline of eGFR. However, this
study found that in DM2 patients the worst glycometabolic
control as indicated by values of HbA1c ≥8% at baseline predicted the annual decline of eGFR. Thus, the high variation of
glycometabolic control may explain some controversy10,23,25
and contradictory results on the relation between diabetes
control and evolution of renal function. In this study, annual
decline in renal function was predicted by the simultaneous
use of two or more drugs from the family of renin–angiotensin–aldosterone modulators. This is in accordance with the
guidelines1 recommendation of avoidance of that practice to
avoid the demonstrated29,30 increased risk of hyperkalemia
and deterioration of renal function. One striking finding in
this study was related to the observation that in both DM2
and non-DM hypertensives, nighttime systolic blood pressure
predicted the annual decline of eGFR. The relation between
hypertension and diabetes with CKD is well demonstrated.3–6
It is well known1 that ABP performs better than clinical BP in
predicting cardiovascular outcome. The impacts of BP load
on target organ damage in patients with CKD are largely
unclear. It has been recently shown20,31 that, among the different methods of BP evaluation, nighttime systolic BP had
the strongest relationship with cardiovascular events. A few
studies32–34 have found an association of nighttime BP with
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the levels of renal function in CKD. The observation that
nighttime systolic BP is an independent predictor of annual
decline of eGFR in hypertensive subjects with and without
diabetes was added to the above-mentioned findings. As
observed by others,13,35 this study found that the annual rate
of decline in eGFR was not affected by BMI. This study has
some limitations, such as the absence of information on the
longitudinal variation of ABP, lipid profile including triglycerides, changes of medications, food and smoking habits, and
anthropometric parameters; that is, several factors that could
influence the annual eGFR evolution.

Conclusion
In conclusion, this study examined the annual eGFR decline
and some predictors of it during a 5-year follow-up in a
cohort of diabetic and nondiabetic hypertensive patients. It
found that a progressive deterioration of renal function for
each additional year is frequent in these patients. A high
percentage of hypertensive patients with and without diabetes move each year toward more severe stages of CKD that
may have consequences on the choice of antidiabetic and
antihypertensive medications. Beyond aging, annual renal
deterioration may be particularly dependent on BP control
particularly at nighttime, on therapy, on albuminuria at baseline and its modification with time, and on highly abnormal
glucose levels.
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