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Abstract: Regardless of having a similar antihypertensive effect, different antihypertensive drug classes have a 
different effect on albuminuria. Patients with albuminuria will usually need more than one drug to achieve blood 
pressure control, particularly if the aim is also to reduce albuminuria. Albuminuria is independently associated 
with cardiovascular and renal risk regardless of diabetes status. The recent ESC/ESH guidelines listed microal-
buminuria among the hypertension-mediated organ damages. Albumin-to-creatinine ratio was suggested to be 
included in routine workup for evaluation of every hypertensive patient and changes in albuminuria were consid-
ered to have moderate prognostic value. Because of its specific effects on renal hemodynamic and glomerular 
structure, the ACEIs and ARBs should be prescribed in maximum tolerated doses. The MRAs can be considered 
in uncontrolled hypertensive patients. The CCBs can be used in addition to the RAAS blockade. Data on antial-
buminuric effect of the new CCBs generation (T-type and N-type calcium channel blockers) is promising and 
they might be preferential CCBs when available. In case of resistant hypertension, thiazide or thiazide-like diu-
retic has to be added into the combination with RAAS blockers and other antihypertensive drugs. Low-salt intake 
has to be recommended for all hypertensive patients, particularly those with albuminuria. A multifactorial and 
early antialbuminuric approach should be started even when albuminuria values are below the cut-off value for 
microalbuminuria. Keywords: Arterial hypertension, Microalbuminuria, Proteinuria, Cardiovascular disease, 
Target organ damage, RAAS-inhibition, Angiotensin converting enzyme inhibitors, Calcium channel blockers, 
Angiotensin II receptor blockers, Mineralocorticoid receptor antagonist, Thiazide-like diuretic.  

Keywords: Arterial hypertension, Microalbuminuria, Proteinuria, Cardiovascular disease, Target organ damage, RAAS-inhibition, 
Angiotensin converting enzyme inhibitors,Calcium channel blockers, Angiotensin ii receptor blockers, Mineralocorticoid receptor antagonist, 
thiazide-like diuretic. 

1. INTRODUCTION 
 The prevalence of microalbuminuria varies between 5 to 30% 
in patients with essential hypertension [1]. The normal rate of al-
bumin excretion is less than 30 mg/day. Moderately increased al-
buminuria (formerly called "microalbuminuria") is defined as per-
sistent urinary albumin excretion between 30 and 300 mg/day, or 
elevated albumin-to-creatinine ratio (30–300 mg/g; 3.4–34 
mg/mmol), preferentially on morning spot urine. Albumin excretion 
above 300 mg/day is indicative of severely increased albuminuria 
(formerly called "macroalbuminuria"). Albuminuria is associated 
with a cluster of other risk factors such as insulin resistance, obesity 
and smoking, as well as with other target organ damages [2, 3]. The 
vast majority of evidence suggest that albuminuria is an independ-
ent predictor of cardiovascular (CV) and kidney disease in the gen-
eral population, and in high-risk patients. It was estimated that the 
hazard ratio for major CV events increases by 6% for every 0.4 
mg/mmol albumin-to-creatinine ratio [4]. The association is strong 
and continuous and present even below the current range of micro-
albuminuria. There is no lower threshold below which the associa-
tion between albuminuria and renal or CV outcomes plateau [5, 6]. 
Low-grade albuminuria is more an early marker of widespread 
vascular damage than an indicator of renal disease and it was pro-
posed that albuminuria is a renal manifestation of generalized vas-
cular and endothelial dysfunction [7, 8]. Takase et al. found that in 
general normotensive population albuminuria (even in the normal 
range below the threshold defined for microalbuminuria) is an 
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independent predictor of future hypertension and increase of blood 
pressure (BP) [9]. Analyzing data of patients enrolled in the 
ROADMAP study (4449 type 2 diabetic patients; olmesartan vs. 
placebo, follow up for 3.3 years) it was revealed that higher basal 
level of albuminuria, high HbA1C, poorer triglyceride control and 
higher heart rate were associated with progression of albuminuria in 
initially normoalbuminuric diabetic patients without chronic kidney 
disease (CKD) and BP > 130/80 mmHg [10, 11]. In addition to the 
mentioned variables, estimated glomerular filtration rate (eGFR), 
age, female gender, body mass index, metabolic syndrome, office 
systolic BP, nighttime systolic BP, pulse pressure and the use of 
amlodipine were also predictors of incident microalbuminuria. Al-
buminuria is not only a marker of endothelial and renal damage 
(both glomerular and tubular), but has a direct pathogenic effect on 
tubulointerstitial damage. Animal models have revealed mecha-
nisms by which urinary albumin leakage induces and aggravates 
damage of renal tissue. Albumin itself with other substances linked 
to albumin like free fatty acids as well as glycated albumin has a 
profibrotic and proinflammatory effect [12]. Sehestedt et al. found 
that microalbuminuria, as well as left ventricular hypertrophy 
(LVH), pulse wave velocity, and carotid plaques, predicts CV 
deaths independently of the SCORE [13].  

2. REDUCTION OF ALBUMINURIA AND CV OUTCOMES: 
CONFUSING REPORTS OF DIFFERENT TRIALS  
 In a meta-regression analysis including only trials where anti-
hypertensive treatment was used, Viazzi et al. observed that reduc-
tion in albuminuria was associated with a lower risk of CV events 
[14]. They found that after adjustment for BP, reduction in albu-
minuria by 30% was associated with a 16% lower risk of CV 
events. Reductions in albuminuria were associated with almost 
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halved relative risk reduction of myocardial infarction and stroke 
that is in line with results published by Savarese et al. [15]. Reduc-
tion of albuminuria by more than 50% was associated with a 15% 
reduction in mortality over 3 years [16]. It was shown that change 
in albuminuria over time predicts clinical outcome and the reduc-
tion in albuminuria observed during the first months of treatment 
correlates with the degree of long-term renal protection [15, 17, 18, 
19, 20]. In meta-analyses which included only those trials with 
>1000 patient-years follow-up or 50 end-stage-renal-disease 
(ESRD) events (21 trials with more than 78,000 patients), a strong 
correlation was found between the early effect on albuminuria and 
the long-term effect on ESRD (for each 30% short-term reduction 
in albuminuria was associated with a 23.7% ESRD risk reduction) 
[19]. Petrykiv et al. found that the initial effect of a drug on albu-
minuria is related to its long-term renoprotection and they sug-
gested that clinicians should measure and monitor the initial re-
sponse and adjust the therapy accordingly [20]. Residual albuminu-
ria was found to be the strongest risk marker for progression of 
renal disease. In the post-hoc analyses of the TRANSCEND trial 
(5926 high risk patients who were ACE-intolerant; telmisartan vs. 
placebo; follow-up for an average of 56 months) and ONTERGET 
trial (25,620 high-risk patients with vascular disease and diabetes; 
telmisartan alone and in combination with ramipril; median follow 
up was 56 months) a greater or equal to two-fold increase in albu-
minuria from baseline to 2 years was associated with a 30% in-
crease in CV events, a 40% increase in renal events and 50% in-
crease in mortality during the following 3 years [15]. Patients with 
improvement to normoalbuminuria were at lower renal and CV risk 
than those who progress to microalbuminuria during the follow-up 
period [17]. It was found that albuminuria over time was signifi-
cantly better than glucose or BP values. Pascual et al. reported that 
the development of microalbuminuria, or its persistence, during 
antihypertensive treatment in patients with essential hypertension is 
associated with significantly higher rate of CV events in compari-
son with those who remain normoalbuminuric or regress to nor-
moalbuminuria [21]. In hypertensive type 2 diabetic patients, Vi-
azzi et al. found that patients with persistent albuminuria showed 
the highest risk of renal impairment as compared to those with per-
sistent normoalbuminuria [13]. Schmieder et al. proposed that 
changes in albuminuria over time could improve risk stratification 
and be valuable in monitoring patients’ therapy [16]. Oliveras et al. 
observed the association of microalbuminuria with the lack of BP 
control in treated hypertensives [22]. Furthermore, they failed to 
find differences in BP control between those with optimal albumin-
uria (< 10 mg/g) and with high-normal albuminuria (10-29 mg/g). 
In the last years, many questions have been debated and some of 
them are still opened for discussion. Is proteinuria/albuminuria truly 
an independent therapeutic target for reducing the risk of CKD 
progression? Does treating albuminuria prevents the CV outcome? 
What should be the target level of albuminuria during treatment? 
Does the targeting of albuminuria confer renoprotection independ-
ent from BP? Are the renin-angiotensin-aldosterone (RAAS) inhibi-
tors only (antihypertensive) drugs which decrease albuminuria, 
slower renal disease progression and consecutively lower the CV 
risk? Nevertheless, based on the strong evidence, albuminuria was 
included in all the relevant hypertensive guidelines. In this paper, 
we will present the current data of the effects of antihypertensive 
drug classes on albuminuria starting with some of the conflicting 
data and its interpretations. There are no trials to test the hypothesis 
that a greater reduction in albuminuria/proteinuria provides better 
organ protection in the presence of similar levels of BP control. So 
far, the obtained results from various trials do not unequivocally 
confirm that a short-term reduction in albuminuria translates into a 
long-term organ protection. In the RENAAL study (1513 type 2 
diabetics with nephropathy; losartan vs. placebo, followed for a 
mean of 3.4 years), DeZeeuw et al. found that after 6 months every 
50% reduction in albuminuria was associated with an 18% reduc-
tion in CV risk and a 27% reduction in heart failure risk [23]. The 

LIFE study (8029 patients with stage II-III hypertension with elec-
trocardiographic left ventricular hypertrophy; losartan vs. atenolol) 
showed that on treatment modifications of albuminuria were asso-
ciated with the incidence of fatal events in high risk patients with 
LVH [24]. On the contrary, in the ONTARGET study, larger reduc-
tion of albuminuria (with dual RAAS blockade) provided no clear 
benefit for major events [25]. In the TRANSCEND study, albumin-
uria was increased less in the telmisartan group compared to pla-
cebo, but there were no significant differences in the renal outcome 
[26]. However, additional analyses of these trials revealed that bet-
ter CV outcome was obtained in patients with a greater reduction of 
albuminuria regardless of treatment with dual or single RAAS 
blockade [15]. In the ACCOMPLISH study (11,499 high-risk hy-
pertensive patients; benazepril/amlodipine vs. or benazepril/ hydro-
chlorothiazide; followed for 36 months), the combination of 
ACEi/thiazide diuretic was inferior to the combination 
ACEi/dyhidropyridine calcium channel blocker (DCCB) in prevent-
ing CV events despite of being superior in preventing and reducing 
albuminuria [27]. However, a secondary analysis found that the 
ACEi/DCCB combination was more renoprotective than the 
ACEi/thiazide diuretic which was explained with better antihyper-
tensive effect. Importantly, in the RODAMAP study, it was found 
that olmesartan has prevented the development of albuminuria but 
led to an increased rate of fatal CV events in patients with CV dis-
ease (this was probably due to excessive BP reduction) [10, 11]. 
Until now, only the PREVEND-IT trial (864 participants with a 
urinary albumin excretion between 15 and 300 mg/day and con-
trolled hypertension; fosinopril and pravastatin; mean follow-up 46 
months) was designed to determine the impact of reducing albu-
minuria on CV outcome. Fosinopril 20 mg reduced albuminuria for 
26% and was associated with the trend towards a lower incidence of 
CV disease [21]. There are several possible explanations for this 
contradictory findings and confusing conclusions: 1. In some trials, 
the reduction of albuminuria was too small to translate it into clini-
cally relevant reductions of the risk of ESRD in patients with nor-
mal or slightly elevated values of albuminuria and very low renal 
risk; 2. There were differences in the characteristics of subjects 
studied among the trials: hypertensive patients with LVH (the LIFE 
study), very high CV risk patients/diabetics (the ONTARGET trial 
and the TRANSCEND trial), diabetics (the ADVANCE trial, the 
ROADMAP trial), severe hypertension (the ACCOMPLISH trial); 
3. Too low BP values were obtained in some patients leading to 
hypotension and acute kidney injury thus attenuating the protective 
effect of antihypertensive drugs. Several other items important for 
proper interpretation of data from literature, and crucial for clinical 
work, are listed in Table 1. 

3. EFFECT OF ANTIHYPERTENSIVE DRUG CLASSES ON 
ALBUMINURIA  
 At the beginning of this part of the manuscript, it should be 
mentioned that patients with albuminuria are less likely to attain BP 
goal than the patients without albuminuria, meaning that the pres-
ence of proteinuria/albuminuria requires more aggressive treatment 
[32, 33]. Thus, patients with albuminuria will usually need more 
than one drug to achieve BP control, particularly, if the aim is also 
to reduce albuminuria.  

3.1. Renin-angiotensin-aldosterone (RAAS) Blockade  
 Antialbuminuric effect of the RAAS blockade is achieved with 
the specific effect of this antihypertensive class on: 1) renal hemo-
dynamic changes i.e. reduction of capillary pressure due to prefer-
entially dilatation of the efferent arterioles (short-term mechanism). 
This is related to the observed slight decrease of the GFR after 
starting the RAAS blockade [34]; 2) the structural changes, im-
proved glomerular sieving function by restoring slit diaphragm and 
by increasing the negatively charged glomerular basal membrane 
(long-term mechanism) [35, 36].  
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3.1.1. Angiotensin Converting Enzyme Inhibitors (ACEi)  
 Estacio et al. found that enalapril, but not nisoldipine, signifi-
cantly reduced microalbuminuria in hypertensive type 2 diabetics 
[37]. In the Bergamo Nephrologic Diabetes Complications Trial 
(BENEDICT) 1,204 patients with type 2 diabetes were followed for 
3.6 years and the analysis of risk factors for the development of 
microalbuminuria was made. In this study, the incidence of micro-
albuminuria in hypertensive diabetics type 2 was significantly re-
duced with trandolapril [38]. Viberti et al. obtained similar results 
with captopril in normotensive diabetics type 1 [39]. In the AD-
VANCE study (11,140 patients with type 2 diabetes; perindo-
pril/indapamide vs. placebo; mean of 4.3 years of follow-up), com-
bination of perindopril/indapamide significantly reduced the renal 
risk for 24% and a relative risk for major events for 9% in microal-
buminuric diabetic patients. This was mainly driven by reduced risk 
for development of microalbuminuria and macroalbuminuria [40]. 
In the Heart Outcomes Prevention Evaluation (HOPE) Study (9,043 
high-risk patients with and without type 2 diabetes; ramipril vs. 
placebo; follow-up for 4.5 years), high risk patients treated with 
ramipril reduced microalbuminuria for 20% what was associated 
with a 21% reduction of primary outcome, myocardial infarction 
and stroke [41]. In the BENEDICT B trial (281 hypertensive type 2 
diabetes patients with microalbuminuria; verapamil/trandolapril vs. 
trandolapril; follow-up 4.5 years), trandolapril normalized albumin-
uria in half of enrolled hypertensive type 2 diabetics which was 
related to the significant cardioprotection [42].  
3.1.2. Angiotensin II Receptor Blockers (ARBs)  
 In the IRMA 2 study (527 patients with type 2 diabetes and 
microalbuminuria; irbesartan vs. placebo; follow-up 2 years) which 
enrolled hypertensive type 2 diabetics with microalbuminuria, irbe-
sartan dose-dependently retarded the onset of macroalbuminuria 
[43]. The lowest risk of development of macroalbuminuria, and the 
smallest decrease of glomerular filtration, was observed in those 
patients with higher albuminuria reduction obtained during the first 
6 months [44]. Makino et al. found in the INNOVATION study 
(163 patients with microalbuminuria associated with type 2 diabe-
tes; telmisartan vs. placebo; follow-up was 1.3 ± 0.5 years) that 
telmisartan prevented progression of microalbuminuria to macroal-
buminuria in patients with diabetic nephropathy [45]. In the MAR-
VAL study (332 patients with type 2 diabetes and microalbuminu-
ria; valsartan vs. amlodipine; follow -up for 24 weeks), in both hy-
pertensive and normotensive type 2 diabetic patients microalbu-
minuria decreased for only 8% in those treated with amlodipine 
compared with a 44% reduction in the valsartan arm [46]. These 
results are in concordance with the meta-analysis conducted by 

Kunz et al. who found that ARB reduced proteinuria, independently 
of proteinuria or underlying disease [47]. In the ROADMAP study, 
there were no differences between olmesartan and placebo in the 
development of microalbuminuria (8.2% vs. 9.8%). However, 
olmesartan delayed the onset of microalbuminuria by 23% com-
pared to placebo independently of BP [48]. Data from the 
RENAAL, the LIFE, the ONTARGET and the TRANSCEND stud-
ies were already discussed.  
3.1.3. Direct Renin Inhibitors (DRI)  
 Increased renin release occurs during the RAAS blockade at-
tenuating positive effects of these drugs on proteinuria. Accord-
ingly, it was assumed that DRI, as a monotherapy or added to 
RAAS, might achieve additional benefit on albuminuria. Currently, 
there is scarce data on the effect of DRI on albuminuria in hyper-
tensive patients. In the AVOID study (599 patients with hyperten-
sion and type 2 diabetes with nephropathy; aliskiren/losartan vs. 
losartan; follow-up for 6 months), aliskiren reduced albuminuria by 
20% in hypertensive diabetic patients type 2 [49].  
3.1.4. ACEis, ARBs, DRI or Dual Combination?  
 In a meta-analysis of patients with diabetic kidney disease, 
Strippoli et al. failed to find any difference between ACEis and 
ARBs on renal outcomes [50]. However, ACEis, but not ARBs, 
reduced the all-cause mortality. It was indicated that there is a trend 
towards better renoprotection and survival with the ACEis than 
with the ARBs in hypertensive patients with renal disease [51]. Xu 
et al. conducted a meta-analysis on effect of ACEis versus ARBs 
on albuminuria/proteinuria in patients with essential hypertension 
and failed to find any difference [52]. Interestingly, they found that 
ACEis have a greater effect in hypertensive patients with diabetes 
while ARBs have a greater effect in hypertensive patients without 
diabetes. It was questioned whether the combination of ACEi with 
ARB could achieve more reduction of albuminuria. Kunz et al. 
found that a combination of high doses of an ACEi with ARB lead 
to an additional 18-20% reduction of proteinuria, independently of 
BP values [47]. In the VA NEPHRON-D trial (1448 mostly male 
patients with diabetic nephropathy; losartan/placebo vs. losar-
tan/lisinopril; follow-up of 2.2 years), dual RAS inhibition was 
associated with a greater albuminuria reduction, but this was not 
translated into the improvement in primary end-points what is in 
line with results obtained in the ALTITUDE study (8600 patients 
with type 2 diabetes and kidney disease; aliskiren or placebo as an 
adjunct to an ACEi or an ARB), but in disagreement with the post-
hoc analyses of the TRANSCEND and the ONTERGET trials [15, 
53, 54]. In the post-hoc analysis of the AVOID study, Persson et al. 
found that aliskiren added to losartan provided antiproteinuric ef-

Table 1. Facts which should be considered when interpreting results on albuminuria obtained in clinical trials.  

1. High intra-individual variability of albuminuria (day-to-day coefficient of variation up to 50%).  
2. Different methods used to assess albuminuria in various studies and trials. 
3. In some of studies was included small number of patients. 
4. Short duration of majority studies.  

5. Albuminuria could be caused by various factors which were not always taken into account (vigorous exercise, fever, sleep apnea, postural changes, urinary 
tract infection, heart failure etc.). 
6. Reductions of albuminuria observed in some trials was too small to translate into clinical meaningful benefits what might lead to wrong conclusion. For 
instance in the ALTITUDE and in the ONTARGET trials albuminuria decreased for 11% and 6%, respectively (29, 30). It was proposed that a 30% reduction 
in albuminuria on top of recommended therapy seems necessary for renoprotection.  
7. Each drug-associated albuminuria reduction is not ultimately associated with renal protection (31).  
8. The total exposure to albuminuria (area under the albuminuria curve) which was not analyzed in majority of studies may be a better predictor than the 
change between two measurements of albuminuria (31).  
9. So far, prospective trials have not been designed specifically to target albuminuria/proteinuria as an independent variable.  
10. Results obtained in specific population should not be generalized for other groups of subjects.  
11. Further investigations are required. 
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fect, independently of BP in diabetic nephropathy type 2 [55]. Na-
kamura et al. reported that aliskiren added to olmesartan, in hyper-
tensive patients with non-diabetic CKD, reduced proteinuria and BP 
more than RAS blockade monotherapy and this was associated with 
attenuation of tubulointerstitial damage (decrease urinary L-fatty 
acid binding protein) [56]. Recently, in a meta-analysis of diabetic 
patients with microalbuminuria, Huang et al. found that ACEi/ARB 
and ACEi/DCCB combination therapy appears the most efficacious 
for reducing albuminuria in normotensive and hypertensive pa-
tients, respectively [57]. However, Cravedi et al. analyzed trials 
with maximal ACEi or ARB doses and could not conclude whether 
it is a better antiproteinuric effect related to more effective RAAS 
blockade, or a greater BP reduction [51]. Although some evidence 
suggests that RAAS inhibition does not confer renoprotection in the 
absence of a reduction in albuminuria, so far, no definitive conclu-
sion could be drawn whether the reduction of albuminuria with 
RAAS inhibition is renoprotective, or whether RAAS inhibition per 
se is renoprotective. According to Cravedi et al., combination ther-
apy with ACEI and ARB at doses titrated to urinary proteins seems 
to be the best nephroprotective approach which could be maximized 
when RAAS blockade is combined with low-salt diet and diuretics 
[51].  
3.1.5. Mineralocorticoid Antagonists (MRAs)  
 By inducing inflammation, oxidative stress and fibrosis, aldos-
terone is an important mediator of renal and heart injury. As kidney 
function deteriorates, aldosterone levels increase. Thus, aldosterone 
blockade is an important goal in reducing global CV and renal risk. 
Of note, aldosterone breakthrough was reported in even 50% of 
patients treated either with ACEis, ARBs or DRIs, and this phe-
nomenon were linked to increased albuminuria and greater GFR 
decline [58, 59, 60]. The beneficial effect of MRAs on proteinuria 
was reported in patients with diabetic kidney disease [61]. In meta-
analysis, Hou at al. found that adding spironolactone to ACEi or 
ARB reduced proteinuria and slowed down the progression of dia-
betic nephropathy which is in line with the meta-analysis conducted 
by Navaneethan et al. in general CKD patients [60, 62]. Kato et al. 
reported that adding spironolactone to ACEi or ARB reduced albu-
minuria by 33% and this effect remained significant after adjust-
ment for BP levels [63]. Interestingly, they observed a beneficial 
effect of spironolactone on tubulointerstitial injury (decreased uri-
nary beta-2 microglobulin and NAG). It was reported that adding 
spironolactone to ACEi or ARB in non-diabetic CKD patients re-
duced proteinuria by 37-70% [61, 62, 63, 64]. Pitt et al. found that 
eplerenone added to ACEi further reduced albuminuria in patients 
with essential hypertension and LVH, while White et al. observed 
eplerenone to be superior to amlodipine in reducing albuminuria in 
patients with systolic hypertension [65, 66]. These results are in line 
with data published by Epstein et al. in patients with type 2 diabetes 
[67]. Sato and Fukuda obtained a significant decrease in albuminu-
ria by adding eplerenone to aliskiren in hypertensive patients who 
demonstrated aldosterone breakthrough [68]. In the EVALUATE 
study (340 non-diabetic hypertensive patients with albuminuria; 
eplerenone/ACEi or ARB vs. placebo/ACEi or ARB; follow-up for 
52 weeks) in hypertensive patients with eGFR > 50 ml/min/1.73 
m2, Ando et al. found that eplerenone added to ACEi or ARB re-
duced albuminuria for 27.6% in comparison with the group of pa-
tients whom placebo was added, without differences in severe hy-
perkalemia (K > 5.5 mmol/L) [64]. Importantly, antialbuminuric 
effect was observed in patients with high-salt intake (24-hour uri-
nary Na excretion > 160 mmol/L), but not in those with 24-hour 
urinary Na excretion < 160 mmol/L. It was proposed that high-salt 
intake increased renal mineralocorticoid receptor activity what was 
shown in animal experiments [69]. Finerenone, a MRA with a 
greater receptor selectivity than spironolactone and better receptor 
affinity than eplerenone, significantly reduced albuminuria in CKD 
patients with heart failure and in patients with diabetic nephropathy 
with only a modest reduction in BP [70]. Milder effect of finer-

enone on BP was explained with the poor crossing of the blood-
brain barrier and less central activity [71, 72]. There were no differ-
ences in risk of hyperkalemia between finerenone and placebo arm. 
Although Ravis et al. found an infrequent incidence of hyperka-
lemia in patients treated with eplerenone, even in patients with 
CKD, close monitoring of serum potassium is needed in patients 
treated with MRA, particularly if treated also with ACEi or ARB 
[73]. Beneficial effect of MRAs could be explained with antiin-
flammatory, antifibrotic and antioxidative properties of those drugs. 
An important mechanism and explanation for reducing albuminuria 
during the early period of treatment is the reduction of intraglome-
rular pressure acting on tubuloglomerular feedback [74].  

3.2. Calcium Channel Blockers (CCBs)  
 CCBs are effective antihypertensive agents with a beneficial 
effect on endothelial function. It is heterogeneous group with two 
major subclasses – nondyhidropyridine (NDCCB) and dyhidropyri-
dine (DCCB) calcium channel blockers. They differ in action on 
various calcium channels and this was proposed as a possible ex-
planation for observed different effects of CCBs on glomerular 
hemodynamic, albuminuria/proteinuria and kidney protection. L-
type channels are predominantly located at the afferent arteriole, T-
type channels at the efferent arteriole. N-type channels are distrib-
uted at the sympathetic nerve terminals along both arterioles, P-type 
channels are involved in the contraction of afferent arteriole, while 
the role of P/Q-type channels has not been yet established.  
3.2.1. Dihydropyridine Calcium Channel Blockers (DCCBs)  
 DCCBs blocking exclusively L-type channels and acting on 
afferent arteriole obliterate the autoregulation mechanisms facilitat-
ing the transmission of systemic BP into the glomerular tuft and 
induce an increase in GFR. This hemodynamic change could affect 
albuminuria temporarily, but could be sustained as long as systemic 
BP is uncontrolled. Poor effect of amlodipine (L-type channel 
blocker) on albuminuria, observed in the MARVAL study, was 
mentioned before [45]. In the ACCOMPLISH trial (11,506 patients 
with hypertension; benazepril plus either amlodipine or hydro-
chlorothiazide; follow-up for 36 months), the combination of 
DCCB with ACEi was inferior to the combination of thiazide diu-
retic with ACEi in reduction of albuminuria [26]. It was reported, in 
the GUARD study (332 hypertensive, albuminuric type 2 diabetic 
patients; benazepril with either amlodipine or hydrochlorothiazide; 
follow-up for 1 year), that amlodipine was inferior to diuretic in the 
reduction of albuminuria [75]. In the study conducted by Rasmun-
sen et al., as well as in the ROADMAP study, in multivariate logis-
tic regression model L-type DCCB was one of variables signifi-
cantly associated with albuminuria [11, 76]. Hummel et al. reported 
that the use of those DCCBs may be associated with albuminuria 
particularly in resistant hypertension [77]. In the DIAL study (277 
hypertensive patients with type 2 diabetes, lercanidipine 
vs.ramipril, follow-up 9-12 months), lercadipine (L-type channel 
blocker) was equally effective in reduction of albuminuria as rami-
pril in mild-to-moderate hypertensive diabetics, but this effect could 
be attributed to the excellent BP control achieved in both arms [78]. 
In the RED LEVEL study (lercanidipine/enalapril vs. amlodip-
ine/enalapril, follow-up for 1 year), in the group of hypertensive 
patients, albuminuria was significantly reduced with the combina-
tion of lercadipine with enalapril [79]. Interestingly, in this study, 
the combination of amlodipine with enalapril failed to achieve at-
tenuation of albuminuria. To summarize, L-type DCCBs have not 
demonstrated a beneficial effect on albuminuria and progression of 
CKD in the absence of RAAS blockade and they were not sug-
gested as the first-line drugs in such patients. However, because of 
the strong BP reduction they could be used as a second-line ther-
apy. Manidipine blocks both L-type and T-type channels, and by 
dilatating the efferent arteriole preserves kidney autoregulation. In a 
group of hypertensive patients with normal kidney function, Taka-
batake et al. found that manidipine reduced filtration fraction [80]. 
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Ott et al. found, in a group of hypertensive patients, intraglomerular 
pressure was significantly lower with manidipine than with am-
lodipine [81]. Dell Vecchio et al. reported significant reduction of 
albuminuria with manidipine in diabetic hypertensive patients [82]. 
Reduction in albuminuria was similar with lisinopril. The benefit of 
adding manidipine or amlodipine to full doses of RAAS blockers, 
in treatment of patients with uncontrolled hypertension, signifi-
cantly reduced BP (significantly lower BP with manidipine than 
with amlodipine). The reduction in albuminuria was 54% and 15% 
in manidipine and amlodipine group, respectively. Similar results 
were obtained in other trials [83, 84, 85]. Beside manidipine, 
efonidipine, azeldipine, nilvadipine and mibefradil also block Ltype 
and T-type channels. Interestingly, benidipine and cilnidipine be-
side the blocking action of L-/T-type channels, also block the N-
type channels. All those DCCBs dilatate both afferent and efferent 
arteriole. It was observed that L-/T-type DCCBs are more potent 
than L-type DCCBs in reducing of albuminuria/proteinuria [86]. In 
addition, it was published that azeldipine and mibefradil, by block-
ing T-type channels, reduce the aldosterone synthesis [87, 88]. 
Efonidipine was shown to down-regulate the expression of aldos-
terone synthase CYP11B2 and reduce aldosterone-induced constric-
tion of both afferent and efferent arteriole [89, 90]. It was suggested 
that the beneficial effect of cilnidipine (N-type channel blocker) is 
mediated by attenuating the sympathetic nerve activity [91, 92]. 
The greater antiproteinuric effect of cilnidipine shown in nondia-
betic patients, in comparison with diabetic patients, was associated 
with decreased exposure of N-type channels in diabetic patients 
[91, 93].  
3.2.2. Nondohydropyridine Calcium Channel Blockers (NDCCBs)  
 It was reported that the NDCCBs reduce proteinuria by almost 
30%, while the DCCBs have no effect on proteinuria [94]. How-
ever, after adjusting for BP, this effect was no longer statistically 
significant. In addition of blocking the L-type calcium channels, 
verapamil also target the T-type channels and it was assumed that 
by affecting both afferent and efferent arterioles may have benefi-
cial effect on renal hemodynamic and albuminuria. Interestingly, 
the structure of previously mentioned mibefradil (an L-/T-type 
calcium channel blocker), has been driven from verapamil. How-
ever, in the BENEDICT study, adding verapamil to trandolapril, did 
not additionally contribute in preventing the development of albu-
minuria in hypertensive diabetic type 2 patients, which is in line 
with the data from the VVANNTT study (69 patients with nondia-
betic proteinuric nephropathy; verapamil or amlodipine with 
trandolapril; follow-up for 8 months) where adding CCBs to ACEi 
did not significantly increase the antiproteinuric effect [37, 95]. 
However, the proteinuria selectivity index was non-significantly 
improved with verapamil but worsened with amlodipine which 
indicates the different effects on glomerular permselectivity of L-
type DCCBs and NDCCBs. The KDOQI guidelines recommended 
the use of NDCCBs alone, or in combination with ACEi or ARBs, 
in hypertensive patients with protein excretion greater than 300 
mg/day or with impaired kidney function [96].  
3.2.3. DHCCBs or NDCCBs?  
 As mentioned before, comparison of long-acting NDCCBs to 
L-type DCCBs in patients with type 2 diabetes, without RAAS 
blockade, indicated that NDCCBs lowered proteinuria to a greater 
extent than the L-type DCCBs, despite of similar BP reduction [97]. 
Analyzing results of 29 studies, Bakris et al. concluded that for 
similar BP reduction, the NDCCBs are superior to the L-type 
DCCBs in reducing proteinuria, particularly in diabetes which was 
not in concordance with other reports [94]. At the end, there are no 
prospective head-to-head trials comparing the effect of NDCCBs 
with the DCCBs on renal outcomes in diabetics or in non-diabetics.  

3.3. Beta-blockers and Other Sympathicoplegic Drugs  
 In general, patients treated with beta-blockers had less fall in 
albuminuria than those treated with RAAS blockers. In the GEM-

INI study (1235 patients with hypertension (>130/80 mmHg) and 
type 2 diabetes; combination of ACEi or ARB, signed to carvedilol 
or metoprolol; hydrochlorothiazide and a DCCB were added as 
necessary to achieve a blood pressure below 130/80 mmHg), mi-
croalbuminuria was more reduced in hypertensive diabetics type 2 
treated with carvedilol than in those treated with metoprolol, and 
significantly less normoalbuminuric patients progressed to microal-
buminuria in the former group of patients [98, 99]. Duprez et al. 
revealed, in the EVIDENCE study (60 patients with prehyperten-
sion; nebivolol or atenolol vs. placebo; follow-up for 9 months), 
nebivolol was superior than atenolol in decreasing risk score and in 
improving small artery elasticity. However, they failed to observe 
differences in microalbuminuria between the two arms [100]. In 
YESTONO trial (2838 patients with arterial hypertension and type 
2 diabetes; nebivolol alone or as add-on therapy; follow up 3 
months), Schmidt et al. observed that in hypertensive diabetic type 
2 patients, nebivolol was very effective antihypertensive drug 
which was associated with the metabolic improvements and signifi-
cant changes in microalbuminuria [101]. Moxonidine, a centrally 
sympathicoplegic drug, an imidazoline I2 receptor agonist, was 
shown to reduce albuminuria in hypertensive patients [102]. Strojek 
et al. found that moxonidine lowered microalbuminuria in diabetic 
patients, independently of BP, and they speculated that the reduc-
tion of sympathetic activity lowered the activity of local RAAS 
[103]. In the Japan Morning Surge-1 Study, doxazosin added to 
other antihypertensive drugs (611 treated hypertensive patients with 
self-measured morning systolic BP > 135 mmHg) was significantly 
associated with the reduction of albuminuria [104].  

3.4. Diuretics  
 There is no evidence that thiazide, or thiazide-like diuretics, 
decrease microalbuminuria beyond the effect on BP reduction. In 
the NESTOR trial (565 type 2 diabetic hypertensives with microal-
buminuria; indapamide vs. enalapril; follow-up for 12 months), 
indapamide SR was equivalent to enalapril in reducing microalbu-
minuria [105]. This result was explained with significantly more 
reduction of systolic BP in the indapamide arm. Interestingly, 
Esnault et al. observed that adding the thiazide diuretic to dual 
RAAS blockade reduce proteinuria better than uptitrating dual 
RAAS blockade [106].  

3.5. Salt Intake  
 In general population, salt intake is associated with albuminuria 
[107]. High salt intake attenuated beneficial effect of RAAS block-
ade on proteinuria [108, 109]. On the other hand, the effect of 
MRAs was enhanced in patients with high salt diet [67]. 
 He et al. revealed that 3 g/day lower salt intake significantly 
decrease BP and reduce albuminuria in untreated hypertensives 
[110]. In a meta-analysis of eleven studies, D´Elia et al. observed 
that an average reduction in salt intake of 92 mmol/L was associ-
ated with a 32.1% reduction in albuminuria and in decrease of BP 
[111]. This beneficial effect was particularly present when salt re-
striction was added to RAAS blockade, as well as in subjects with 
deteriorated renal function. Slagman et al. found that, in non-
diabetic nephropathy, sodium restriction was more effective than 
dual RAS blockade on proteinuria [112]. The major mechanism by 
which salt restriction improves albuminuria, as it is the case with 
antihypertensive drugs, is related to BP lowering effect.  

CONCLUSION  
 Albuminuria is independently associated with CV and renal 
risk, regardless of diabetes status. So far, there is no evidence of 
causality, but it is very likely that endothelial dysfunction is the 
common denominator for albuminuria and CV/renal risk. The re-
cent ESC/ESH guidelines listed microalbuminuria among the hy-
pertension-mediated organ damages [113]. Albumin-to-creatinine 
ratio was suggested to be included in the routine workup for evalua-
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tion of every hypertensive patient, and changes in albuminuria were 
considered to have moderate prognostic value. Physicians should 
keep in mind several caveats, while determining albuminuria, as 
well as in the interpretation of individual data and results obtained 
in different studies. This could be particularly misleading if ex-
trapolating results obtained in very high-risk patients to younger 
patients and those with low global risk. The effect of various anti-
hypertensive drugs on the onset and reduction of albuminuria is 
mainly BP driven. Regardless of having a similar antihypertensive 
effect, different antihypertensive drug classes have a different effect 
on albuminuria. Antihypertensive drugs, that do not target directly 
the RAAS system, have a similar effect in reducing the BP, but do 
not reduce proteinuria or slow the progression of CKD beyond the 
expected for the level of BP lowering. Because of its specific ef-
fects on renal hemodynamic and glomerular structure, the ACEis 
and ARBs should be prescribed in maximum tolerated doses. 
MRAs can be considered in uncontrolled hypertensive patients, 
particularly keeping in mind frequently present aldosterone break-
through. The CCBs can be used in addition to the RAAS blockade. 
Data on antialbuminuric effect of the new CCBs generation (T-type 
and N-type channel blockers) is promising and they might be pref-
erential CCBs, when available. In the case of resistant hypertension, 
thiazide or thiazide-like diuretic, has to be added into the combina-
tion with RAAS blockers and other antihypertensive drugs. Lowsalt 
intake has to be recommended for all hypertensive patients, particu-
larly those with albuminuria. A multifactorial approach in targeting 
albuminuria/proteinuria with different interventions has a greater 
benefit. One must be aware of the harmful effects of too aggressive 
BP lowering, the risk of hypotension and acute kidney injury. It was 
appreciated that the paradigm „the lower, the better“ should be 
changed into „the sooner, the better.“ The antialbuminuric approach 
has to be started early even when albuminuria values are below the 
cut-off value for microalbuminuria. Finally, determination of albu-
minuria is low-cost, easy-to-use test which is proven predictor of 
CV disease, and  recent data support the use of albuminuria as an 
intermediate endpoint of antihypertensive treatment.  
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