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Summary Diabetic nephropathy is the leading cause of chronic kidney disease 
worldwide. The expanding endemic of diabetes, the high risk of premature morbidity and 
mortality and the incapacity of current therapies to halt progression toward renal failure 
urges additional treatment modalities. We will review current evidence addressing dietary 
sodium intake as a key determinant of renin–angiotensin–aldosterone system (RAAS)-
blockade efficacy, particularly in diabetic nephropathy. High sodium intake is very common 
in these patients, and blunts the protective effects of RAAS-blockade on cardiovascular and 
renal outcomes. Moderate dietary sodium restriction restores the protective effects of RAAS-
blockade. The data warrant monitoring of sodium intake and practical implementation 
of sodium restriction as a lifestyle-related intervention, mandatory as an addition to 
RAAS-blockade in diabetic nephropathy.

Practice points

 ●  In patients with diabetes mellitus, the presence of diabetic nephropathy is associated with an increased risk of 
morbidity and mortality.

 ●  Intensive glycemic control (Hba1c <6%) may retard the development and progression of diabetic nephropathy, 
but when chronic kidney disease (CKD) has ensued, intensive control is associated with an increased mortality risk; 
therefore in patients with CKD, recommended target Hba1c is ~7%.

 ●  Optimal reduction of albuminuria (aim for a urinary albumin excretion rate <30 mg/g, comparable with <30 mg/24 h) 
and blood pressure (aim for <140/90 mmHg, although guidelines disagree) are the cornerstone of diabetic 
nephropathy management. These treatment targets are preferably achieved by renin–angiotensin–aldosterone 
system (RAAS)-blockade, using an angiotensin-converting enzyme inhibitor or an angiotensin receptor blocker.

 ●  The efficacy of RAAS-blockade to reduce albuminuria and blood pressure is abolished by high dietary sodium intake; 
this was linked with adverse cardiovascular and renal outcomes. Conversely, dietary sodium restriction (aim for 5 g 
of NaCl per day) potentiates RAAS-blockade efficacy on blood pressure and albuminura. Moreover, it improves renal 
and cardiovascular outcome of RAAS-blockade, even independent of blood pressure.

 ●  In patients with Type 2 diabetes and CKD, habitual sodium intake is (very) high and requires active intervention.

 ●  The high-risk population of diabetic nephropathy patients requires a tailored approach to titrate sodium intake, 
monitored by 24-h urine sodium excretion, aiming for optimal reduction of volume overload, assessed by evaluating 
blood pressure and the presence of edema.
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The worldwide incidence and prevalence of 
diabetes mellitus have substantially grown over 
the past decades, primarily as a consequence 
of a globally increased prevalence of obesity, 
contributing to Type 2 diabetes [1]. Diabetes 
is the leading cause of chronic kidney disease 
(CKD) worldwide. Diabetic nephropathy affects 
20–25% of patients with diabetes mellitus 
within 20–25 years of disease onset. Diabetic 
nephropathy is defined as the presence of albu-
minuria (urinary albumin/creatinine ratio of 
>30 mg/g [>3.0 mg/mmol]) and/or impaired 
renal function (diabetic CKD without albu-
minuria is increasingly recognized) in a patient 
with diabetes mellitus. Diabetic nephropa-
thy is associated with an increased risk of co-
morbidity including cardiovascular disease and 
mortality in diabetic patients [2,3]. For several 
reasons, terminology in the clinical guidelines 
are changing toward albuminuria rather than 
proteinuria (normal to mildly increased pro-
teinuria defined as urinary protein/creatinine 
ratio <15 mg/mmol [<150 mg/g], moderately 
increased 15–50 mg/mmol [150–500 mg/g] and 
severely increased >50 mg/mmol [>500 mg/g]): 
albumin is the main component of urinary 
protein in most kidney diseases, recent global 
epidemiologic data show a strong-graded rela-
tionship between albuminuria and both kidney 
and cardiovascular disease risk, and finally, cur-
rent KDIGO guidelines classify kidney disease 
by level of albuminuria [4]. In this paper, as in 
KDIGO guidelines, we will refer to proteinu-
ria when discussing general concepts, and to 
albuminuria when discussing specific clinical 
associations and outcomes related to albumi-
nuria, thereby as much as possible maintaining 
the term used in the respective original study 
or studies.

According to current guidelines, diabetic 
nephropathy requires a multifactorial inter-
vention strategy addressing glycemic control, 
blood pressure control and cardiovascular risk 
management, promoting the use of angiotensin-
converting enzyme inhibitor (ACEi) or angio-
tensin receptor blocker (ARB) treatment, statins 
and antiplatelet therapy where clinically indi-
cated [4]. Despite renin–angiotensin–aldoster-
one system (RAAS)-blockade through ACEi or 
ARB treatment, however, many patients develop 
progressive renal function loss toward end-stage 
renal disease, when dialysis or kidney transplan-
tation is required. It has been known for decades 
that dietary sodium restriction modulates the 

renoprotective efficacy of RAAS-blockade in 
terms of blood pressure and proteinuria reduc-
tion [5]. The first prospective trial confirming 
this effect in patients with diabetic nephropathy 
was published just recently [6]. Yet, the beneficial 
effect of sodium restriction in (diabetic and non-
diabetic) CKD is still subject of debate, mainly 
fueled by the J-shaped curve in the association 
between sodium intake and mortality risk in 
large epidemiological studies.

In this paper, we will first discuss two con-
troversial topics related to the management of 
diabetic nephropathy, namely which is optimal 
glucose control and how to achieve optimal 
RAAS-blockade. The majority of this review is 
dedicated to the role of dietary sodium restric-
tion as a tool to optimize renal protection in 
patients with diabetic nephropathy, mostly 
against the background of RAAS-blockade since 
the majority of currently available data have been 
obtained in patients on RAAS-blockade.

Glucose control
Before 2008, intensive glucose management 
was recommended for all patients with diabe-
tes mellitus. Publication of the primary results 
from two major randomized controlled trials 
(RCTs), ACCORD and ADVANCE, con-
siderably changed this viewpoint [7,8]. Both 
ACCORD and ADVANCE compared inten-
sive glucose control, defined as a target Hba1c 
of ≤6.0 or ≤6.5%, respectively, with more lenient 
control (7.0–7.9% or as defined by local guide-
lines, respectively). In ADVANCE, intensified 
glycemic control did in fact reduce the primary 
study end point, a composite of major macro-
vascular and major microvascular events, which 
was predominantly driven by an effect on inci-
dent diabetic nephropathy (and particularly 
albuminuria). On the other hand, no effect 
on cardiovascular or all-cause mortality was 
demonstrated. Participants of the ADVANCE 
study were recently followed up in a post-trial 
evaluation (ADVANCE-ON) [9]. This analy-
sis showed that after the trial had ended, Hba

1c
 

was no longer significantly different between the 
two original study arms, the protective effect 
of intensive glycemic control on macrovascu-
lar events was no longer evident and there was 
no effect on mortality. In the ACCORD trial, 
intensive glucose control was even accompanied 
by an increased risk of both all-cause and cardio-
vascular mortality. More recently, a re-analysis 
of the ACCORD data clearly demonstrated that 
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the excess mortality risk in the intensified glu-
cose control arm was most prominent in patients 
with prevalent CKD [10]. Furthermore, the pres-
ence of CKD was a strong and independent risk 
factor for cardiovascular complications.

What are the implications of these findings 
for clinical practice? Current KDIGO guidelines 
recommend a target Hba1c of ~7.0% in order 
to prevent or delay progression of microvascular 
complications of diabetes including CKD [4]. 
This recommendation is in accordance with the 
implication from the ACCORD trial that Hba

1c
 

should optimally be around 7%. It is however 
more difficultly reconciled with the finding that 
intensive control exerted a renoprotective effect 
in the ADVANCE trial. Glucose management 
seems to require a different approach in patients 
without CKD (lower Hba

1c
 target level) than in 

patients with CKD (higher Hba
1c

 target level).

RAAS-blockade
The presence of albuminuria and hypertension 
is associated with an increased risk of progressive 
renal function decline and cardiovascular com-
plications in diabetic patients [2,11]. Reduction 
of albuminuria and blood pressure by ACEi or 
ARB treatment can attenuate these risks, and 
is therefore considered as the cornerstone of 
treatment in diabetic nephropathy [12]. Current 
KDIGO guidelines suggest blood pressure tar-
gets to be more strict in diabetic patients with 
CKD (<130/80 mmHg) than in those with 
normal renal function (<130/90 mmHg) [4]. 
Although successful reduction of albuminuria 
and blood pressure by RAAS-blockade contrib-
utes to renal and cardiovascular protection, this 
protection is far from complete, with an average 
postponement of renal and/or cardiovascular 
end points of just 3–6 months [13,14]. Based on 
the predictive effect of residual albuminuria dur-
ing an optimally dosed ACEi or ARB for long-
term renal and cardiovascular outcome, residual 
albuminuria has been put forward as an inde-
pendent therapeutic target in diabetic nephropa-
thy [15]. Thus, strategies have been proposed to 
enhance the efficacy of RAAS-blockade, target-
ing albuminuria. The initial finding that dual 
RAAS-blockade, combining an ACEi with an 
ARB, provides further reductions in blood pres-
sure and albuminuria, in short-term studies [16–

18], fueled RCTs on the effect of dual blockade 
hard end points. Disappointingly, these studies 
demonstrated no benefits in terms of cardiore-
nal outcomes, but rather clear safety concerns in 

terms of an increased risk of acute loss of renal 
function and hyperkalemia [19,20]. The combi-
nation of RAAS-blockade (i.e., ACEi or ARB) 
with a direct renin inhibitor, although lowering 
albuminuria more than ARB alone [21], did even 
increase the cardiorenal risk, along with a higher 
incidence of hyperkalemia and hypo tension [22]. 
Alternatively, aldosterone antagonists have been 
evaluated as adjunct to single-agent ACEi or 
ARB therapy.

Dietary sodium restriction potentiates 
RAAS-blockade efficacy
Modulation of dietary sodium intake increased 
the efficacy of RAAS-blockade in hypertension, 
and nondiabetic and diabetic CKD [23,24] with 
potentiation of the effects on blood pressure and 
proteinuria. Sodium restriction shifts the top of 
the dose-response curve for RAAS-blockade, 
for both blood pressure and proteinuria, thus 
increasing the maximum efficacy that could 
be achieved in the reduction of blood pressure 
and proteinuria in an experimental model of 
proteinuric nephropathy [25]. Dietary sodium 
restriction enhances the efficacy in terms of 
blood pressure and proteinuria reduction of 
all types of RAAS-blocking agents, including 
ACEi [5], ARB [26], their combination [16] and 
renin inhibition [27]. Interestingly, lowering of 
sodium intake also increases the antiproteinuric 
efficacy of non-RAAS blocking agents including 
neprilysin inhibitors [28] and vitamin D receptor 
agonists [29].

The effect size of the potentiation is more 
or less equivalent for moderate sodium restric-
tion as compared with a thiazide diuretic for 
blood pressure and proteinuria/albuminuria, 
in nondiabetic [26] and diabetic CKD patients 
(Figure 1) [6]. Importantly, combination of dietary 
sodium restriction and hydrochlorothiazide dur-
ing ARB treatment may have additive effects on 
blood pressure and albuminuria.

The potentiating effects of sodium restric-
tion on RAAS-blockade efficacy have long been 
known [30], but in diabetic CKD the data on 
sodium restriction have only recently become 
available. This delay may have been due to 
concerns on the safety of sodium restriction 
in diabetic patients, based on the so-called 
sodium paradox, namely that GFR varies 
inversely with dietary sodium in patients with 
early Type 1 diabetes and in streptozotocin-
diabetic rats [31]. In animal models of Type 1 
diabetes, and in humans with uncomplicated 
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Figure 1.  Albuminuria reduction by sodium restriction, hydrochlorothiazide and their 
combination, added to angiotensin-converting enzyme inhibition in patients with diabetic 
nephropathy. In a randomized controlled trial in 45 patients with diabetic nephropathy on 
standardized background ACE inhibition, dietary sodium restriction strongly reduced albuminuria, 
to a similar extent as hydrochlorothiazide. The strongest lowering of albuminuria occurred when 
dietary sodium restriction and hydrochlorothiazide were combined. Data are shown as geometric 
mean (95% CI). p-value shows treatment effect by linear mixed modeling. 
ACE: Angiotensin-converting enzyme.  
Reproduced with permission from [6].
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Type I diabetes [32,33], dietary sodium restric-
tion increases glomerular pressure, which could 
theoretically exert adverse effects on the devel-
opment of glomerular damage, e.g., glomerulo-
sclerosis. This effect, however, has never been 
demonstrated in patients with overt nephropa-
thy, neither in the untreated condition nor on 
RAAS-blockade. The current data, demon-
strating a mild decrease in glomerular filtra-
tion rate during sodium restriction in diabetic 
CKD patients on RAAS-blockade, indicate that 
the sodium paradox is not likely to be of rel-
evance to patients with diabetic nephropathy 
on RAAS-blockade.

Of note, the proteinuria- and blood pressure-
lowering effects of sodium restriction were 
achieved by a relatively moderate reduction in 
sodium intake. This moderate sodium intake 
reduction was achieved by limited dietary coun-
seling in an outpatient clinic setting, support-
ing the feasibility of such a regimen in daily 
clinical practice. Importantly, during sodium 
restriction the average urinary sodium excre-
tion was ~150 mmol/day (equal to ~8.5 g of 
salt [sodium chloride] per day) as compared 
with >200 mmol/day (>11.3 g NaCl per day) 
on habitual sodium intake. Thus, only a mod-
erate reduction of dietary sodium, even well 
above the daily salt intake as recommended by 
WHO and KDIGO guidelines for management 
of CKD [4] (both recommending salt intake 
<5 g/day), as well as the Dietary Guidelines 
for Americans (recommending sodium intake 
<1.5 g/day equaling <3.8 g/day of salt intake for 
CKD patients) [34] allows significant benefits on 
blood pressure and albuminuria during standard 
therapy by RAAS-blockade.

Dietary sodium & RAAS-blockade: effects 
on renal & cardiovascular outcomes
As outlined above, the potentiating effect of die-
tary sodium restriction on RAAS-blockade effi-
cacy in terms of proteinuria and blood pressure 
reduction is consistent and may have a sufficient 
effect size to impact hard outcomes. Recently, 
two post-hoc analyses from landmark studies, 
one in diabetic and one in nondiabetic patients, 
demonstrated that sodium intake indeed sub-
stantially modifies the effects of RAAS-blockade 
on renal and cardiovascular outcomes in CKD.

The study in nondiabetic CKD patients ana-
lyzed the outcome of the RAAS-blockade arm 
of the REIN study, an RCT in CKD patients 
with nephrotic range proteinuria addressing 

the long-term renoprotective effects of RAAS-
blockade versus conventional antihypertensive 
therapy [35]. As part of the trial protocol, patients 
received a general advice to limit their dietary 
sodium intake, however without specific coun-
seling. By design, blood pressure was titrated 
toward <140/90 mmHg. In the post-hoc study 
in the RAAS-blockade arm, data were analyzed 
per tertile of baseline sodium intake, i.e., 7, 10 or 
14 g salt per day calculated from 24-h urine col-
lections throughout the study, respectively [36]. 
Patients in the tertile of higher sodium intake 
required more antihypertensives, with diuretics 
as the first titration step, than those in the lower 
tertiles. Despite similar blood pressure across 
tertiles of baseline sodium intake, proteinuria 
remained higher in the two highest tertiles of 
sodium intake. After 4 years of follow-up, a renal 
end point (start of dialysis or doubling of serum 
creatinine) was reached by 60% of the patients 
in the highest tertile as compared with 20% in 
the lowest tertile [36]. Thus, dietary sodium con-
siderably modulated the renoprotective response 
to RAAS-blockade; remarkably, this effect was 
independent of blood pressure or antihyperten-
sive comedication, but rather related to proteinu-
ria, which persisted in subjects with high dietary 
sodium intake.

More recently, similar analyses were per-
formed in patients with diabetic nephropathy. 
Here, a combined analysis of the RENAAL and 
IDNT trials extended the above results to car-
diovascular outcome. These trials assessed the 
effects of RAAS-blockade versus non-RAAS-
blockade-based antihypertensive treatment in 
patients with Type 2 diabetes and nephropathy 
on renal and cardiovascular outcome [13,14], 
again, with titration of blood pressure toward 
target in all patients. In the post-hoc analysis 
analyzing the pooled two study cohorts, salt 
intake across the population was on average 
10 g/day, and when considered per tertile: 12, 
10 or 8 g/day, respectively [37]. In the highest 
salt intake tertile, the numbers of both renal 
and cardiovascular events were approximately 
twofold higher than in the lowest tertile. 
Sensitivity analyses adjusting the relative treat-
ment effects for estimated glomerular filtration 
rate (eGFR) or urinary urea excretion provided 
essentially similar results. Findings were simi-
lar irrespective of sodium intake measure (24-h 
urinary sodium/creatinine ratio or 24-h uri-
nary sodium excretion measured on multiple 
occasions). Interestingly, the effects of sodium 
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Figure 2. Kaplan–Meier curves according to tertiles of 24-h urinary sodium/creatinine ratio in a post-hoc analysis of the ReNAAL 
and iDNT trials.  Kaplan–Meier curves for (A) renal and (B) cardiovascular events in subjects who received angiotensin receptor blocker 
(ARB, right panels) – and non-renin–angiotensin–aldosterone system (non-RAASi, left panels)-based therapy stratified by tertiles of 
24-h sodium/creatinine ratio: <121 mmol/g; 121–153 mmol/g; greater than or equal to 153 mmol/g. Renal events were defined as a 
composite of a confirmed doubling of serum creatinine or end-stage renal disease. Note that sodium intake modulates the response to 
RAASi-based, but not non-RAASi-based therapy, both for (A) renal and (B) cardiovascular outcomes. 
ARB: Angiotensin receptor blocker; RAASi: Renin–angiotensin–aldosterone system inhibitor. 
Reproduced with permission from [56].
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intake on renal and cardiovascular outcomes 
were only observed in patients on RAAS-
blockade (Figure 2), indicating a specific inter-
action of excess sodium intake with the efficacy 
of RAAS-blockade.

Again, the effect of dietary sodium intake 
on renal and cardiovascular outcomes was 
only weakly related to changes in blood pres-
sure (blood pressure decline [95% CI] in 
RENAAL/IDNT at 6 months, comparison ARB 
vs non-RAAS-blockade-based therapy accord-
ing to tertiles of sodium intake: lowest sodium 
tertile -5.0 [-8.8 to -1.1] mmHg, intermediate 
tertile -4.6 [-8.3 to -1.0] mmHg, highest tertile 

-3.5 [-7.4 to +0.4] mmHg), but rather strongly 
associated with differences in albuminuria (albu-
minuria decline [95% CI] in RENAAL/IDNT 
at 6 months, comparison ARB vs non-RAAS-
blockade-based therapy according to tertiles 
of sodium intake: lowest tertile -44% [-55 to 
-30%], intermediate tertile -16% [-32 to +3%], 
highest tertile -21% [-35 to +2%]). The minor 
changes in blood pressure can be explained by 
the design of the original study: patients were 
titrated to reach a blood pressure target during 
the trial [13,14].

In summary, the two post-hoc analyses reviewed 
above strongly suggest that limiting sodium 
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intake potentiates the renal and cardiovascular 
protective efficacy of RAAS-blockade. The effect 
is independent of blood pressure, and relates to 
an effect on proteinuria. Conversely, excessive 
sodium intake blunts the renal and c ardiovascular 
protective effects of RAAS-blockade.

Mechanisms of interaction between 
sodium intake & pharmacological effects 
of RAAS-blockade
The mechanism of the interaction between 
sodium status and the pharmacological effects 
of RAAS-blockade is likely to be multifacto-
rial, as demonstrated by preclinical and clini-
cal studies. First, animal studies indicate that 
vascular conversion of angiotensin I, measured 
after 3 weeks of treatment with ACEi, was only 
reduced in rats treated with ACEi accompanied 
by low sodium, but not high-sodium diet [38]. 
This suggests that sodium intake influences 
RAAS-blockade efficacy at the level of the 
vasculature. Second, sodium restriction poten-
tiates the rise in angiotensin I that normally 
occurs during RAAS-blockade. Besides being 
a precursor for angiotensin II, angiotensin I is 
also a precursor of angiotensins with vasodilator 
and antifibrotic properties, such as angiotensin 
(1–7). During RAAS-blockade, sodium restric-
tion further shifts the balance between vaso-
constrictor and vasodilator angiotensins toward 
an antifibrotic, vasodilator profile, as shown in 
patient studies [39]. Third, sodium restriction 
potentiates the rise in the anti-inflammatory, 
anti-f ibrotic compound AcSDKP in CKD 
patients [40]. This might well be relevant to the 
renal protective effects of RAAS-blockade, as 
data from animal studies have shown that intra-
renal inflammation blunts or annihilates the 
renal protective effects of RAAS-blockade [41], 
whereas both dietary sodium restriction [42] and 
anti-inflammatory treatment [43] can restore 
the susceptibility to the protective effects of 
RAAS-blockade.

These findings from animal studies have at 
least in part been confirmed in the clinical set-
ting, although clearly not all studies performed 
in the experimental setting allow replication in 
humans. First, several lines of evidence indi-
cate that high sodium intake is associated with 
increased activity of the RAAS at the tissue level, 
with increased ACE activity and hence conver-
sion of angiotensin I into II [44,45]. Furthermore, 
the anti-inflammatory properties of low sodium 
diet as such have become apparent from a 

reduction in urinary CTGF in CKD patients 
during sodium restriction [46].

effects of dietary sodium irrespective of 
concurrent RAAS-blockade
In contrast with the clear findings during 
RAAS-blockade, the association between 
sodium status and (renal and cardiovascular) 
outcomes in subjects without RAAS-blockade 
is currently subject of debate. The above find-
ings highlighting the impact of dietary sodium 
on RAAS-blockade efficacy raise the question 
whether sodium excess in itself is a risk factor 
for cardiovascular disease, and whether these 
findings may be extrapolated to (diabetic or 
nondiabetic) individuals without CKD, and 
without RAAS-blockade. As the study popula-
tions of the REIN and the RENAAL/IDNT 
trials consisted of patients with advanced CKD, 
which is frequently accompanied by sodium 
retention, these populations might be particu-
larly susceptible to the effects of excess sodium 
intake. The generalizability of the link between 
high sodium intake and adverse cardiovascular 
and renal outcomes to populations with earlier 
stages of CKD, or with normal renal function, 
requires confirmation.

Data from a Finnish prospective study in 
the general population demonstrated that a 
high sodium intake, as determined by uri-
nary sodium excretion, increased the risk of 
cardiovascular disease and mortality in obese 
but not in nonobese individuals [47]. A subse-
quent analysis in the third National Health 
and Nutrition Examination Survey confirmed 
this observation and revealed that each gram 
per day increment in sodium was associated 
with a 20% increased risk for all-cause mortal-
ity [48]. Furthermore, according to long-term 
follow-up data from the Trials of Hypertension 
Prevention (TOHP), dietary sodium restric-
tion was associated with a 25% lower risk 
of cardiovascular events [49]. These findings 
were extended to renal outcomes by a study 
reporting retarded renal function loss in sub-
jects on a low, as compared with a high dietary 
sodium intake [50]. Recently, another globally 
performed analysis linked high dietary sodium 
intake with an increased cardiovascular mor-
tality risk, particularly in low- or middle-
income countries and in two out of five cases 
prematurely, i.e., before 70 years of age [51]. A 
very recent analysis in 1588 Japanese diabetic 
patients demonstrated an association between 
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high sodium intake and an increased risk of 
incident cardiovascular disease, particularly 
in subjects with Hba

1c
 >9% [52]. These data, 

although appearing equivocal, are however 
contrasted by observational data suggesting 
that lower sodium intake is associated with 
a higher risk of cardiovascular mortality [53]. 
Another global cohort study demonstrated 
that both a low and a high sodium intake, as 
compared with a moderate sodium intake of 
3–6 g/day, are associated with an increased 
risk of cardiovascular events and mortality [54]. 
Clearly, these observational data require fur-
ther prospective trials to clarify whether 
the observations in subjects with the lowest 
sodium intake were driven by confounding, for 
example, related to co-morbidity, as o utlined 
in more detail below.

J-shaped relationship between sodium 
intake & outcome?
Although, as shown in the previous paragraphs 
that avoiding sodium excess substantially 
improves outcome of RAAS-blockade in CKD, 
nevertheless epidemiological and experimental 
data suggest that overzealous sodium restric-
tion is not warranted. Post-hoc analyses from 
large clinical trials in diabetic patients indicate 
a J-shaped curve for the association between 
sodium intake and all-cause mortality or renal 
outcome, with an excess risk when salt intake 
is below 3 g/day [55,56]. These studies suggest 
that urinary sodium should ideally be between 
100 and 150 mmol/day, representing sodium 
intake of 6–9 g NaCl per day. Going above, 
but also below, this range has been associated 
with adverse outcomes. A similar conclusion 
can be drawn from a very large analysis of the 
ONTARGET and TRANSCEND trials, per-
formed in diabetic patients at high cardiovascu-
lar risk. In this analysis not only higher but also 
lower sodium excretion was associated with an 
increase of cardiovascular death hospitalization 
for congestive heart failure [54]. Another note 
of caution on strict dietary sodium restriction 
comes from another study in Type 2 diabe-
tes that reveals an inverse association between 
salt intake and outcome, i.e., a higher sodium 
intake was associated with a lower all-cause 
mortality risk [57]. It is noteworthy, however, 
that patients with low sodium intake also 
had more advanced disease as evidenced by a 
lower baseline eGFR, longer diabetes duration, 
more abundant macrovascular disease, higher 

age and lower BMI. Moreover, ACE inhibi-
tors were less often used and insulin was more 
intensively used by these patients. It is therefore 
likely to presume that these characteristics of a 
worse clinical condition, all linked with adverse 
outcome, may have confounded the relation 
between sodium intake and mortality in this 
study [58].

Another reason for worse outcome in sub-
jects with the lowest sodium intake could be 
that this association indicates increased sus-
ceptibility to hypotension-related complica-
tions such as stroke or acute kidney injury. In 
fact, experimental studies suggest the concept 
of the J-shaped curve. Severe sodium restric-
tion combined with ACEi, although it may 
strongly reduce or even annihilate proteinuria 
in animal models, has been shown to induce 
severe tubulo-interstitial damage [59]. Further 
data from animal studies have predominantly 
been performed in the setting of dual RAAS-
blockade, and confirming that too aggressive 
sodium restriction may have adverse renal [60] 
and cardiac [61] effects. A recent meta-analysis, 
summarizing data from observational studies in 
the healthy population, confirmed the presence 
of a J-shaped association between sodium intake 
and all-cause mortality [62].

Other lines of evidence support the principle 
that aggressive targeting of a single factor could 
have deleterious effects in diabetic nephropa-
thy. As summarized above, recent data from 
the ACCORD trial now indicate that, partic-
ularly in the setting of diabetic CKD, lower-
ing glucose levels to an Hba

1c
 below 6% is not 

favorable. Another example is related to ane-
mia management in CKD patients. According 
to the TREAT study results in patients with 
diabetes and CKD, erythropoiesis-stimulating 
agent (ESA) treatment did not reduce the risk 
of death or a cardiovascular event, but was 
rather associated with an increased risk of 
stroke [63]. Moreover, in the same study, cor-
rection of anemia with high doses of ESA was 
associated with an increased risk of death or 
cardiovascular events [64]. Finally, the unfavora-
ble outcomes of dual RAAS-blockade – also 
representing aggressive management of a single 
target (i.e., excess RAAS-activity) might also 
be ranked among these lines of evidence. The 
common denominator of these unrelated lines 
of evidence seems to be that aggressive targeting 
of a single factor in multifactorial conditions 
is associated with a risk–benefit balance that 
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can easily turn unfavorable. This reinforces 
the case for multifactorial interventions, with 
i nterventions of moderate intensity.

implications for clinical practice
Despite recommendations by WHO, the 
Dietary Guidelines for Americans and 
KDIGO, the vast majority of individuals in 
the general population consume more than 
the recommended amount on a usual daily 
basis [65]. We recently documented that patients 
with diabetic nephropathy in The Netherlands 
consume over 200 mmol/day (>11.3 g NaCl 
per day) [6]. On the other hand, the observed 
J curve for the association between sodium 
intake and adverse outcomes, as for other expo-
sures relevant to the CKD patient, confronts 
the clinician with the challenge to maintain 
sodium status within an optimal range, rather 
than below a certain level. In daily prac-
tice, however, this will merely be a matter of 
(moderate) sodium restriction, given the mas-
sive abundance of sodium in the m ajority of 
p opulations world-wide (Figure 3) [66].

Based on the above, dietary sodium restric-
tion to 100 mmol/day, equal to 5–6 g of sodium 
chloride per day, in line with guidelines for the 
general population and CKD, is warranted. As 
an important tool to monitor and guide optimi-
zation of sodium status, 24-h urine collection is 
essential, since it is notoriously difficult to esti-
mate salt intake from dietary questionnaires. 
The collection of 24-h urine, moreover, allows 
to additionally assess the intake of other relevant 
nutrients, such as phosphate, and proteins [67], 
also relevant to outcome.

Furthermore, volume status should be moni-
tored from blood pressure and by evaluating 
the presence of edema. It should be kept in 
mind that volume status, rather than sodium 
intake, actually modifies the response to RAAS-
blockade, since diuretics may provide a similar 
effect [68]. Yet, prescription of a diuretic does not 
eliminate the need to adhere to dietary sodium 
restriction, as this further contributes to con-
trol of volume status, and consequently, RAAS-
blockade efficacy [6], and, moreover, it should be 
remembered that improving the response by a 
diuretic on short term, did not abolish the long-
term adverse effects of high sodium intake [36,37].

Volume status is partly determined by sodium 
intake, and sodium-induced changes in vol-
ume status are influenced by other genetic and 
environmental factors including specific renal 

conditions, proteinuria [69], heart failure [70] and 
obesity  (Figure 4) [71]. Recent genetic analyses 
have identified variants in several genes includ-
ing genes related to the endothelial system [72], 
epithelial sodium transporters [73], sex hor-
mones [74], the kallikrein-kinin system [75] and 
the RAAS (particularly the ACE I/D polymor-
phism) [76,77] as genetic determinants of changes 
in volume status in response to sodium [78]. 
The fact that genome-wide screening tools and 
whole genome sequencing information become 
increasingly available [79] is likely to provide 
further insight into the mechanisms and path-
ways involved in sodium-modulated volume 
regulation.

Integrating the above findings, it is crucial to 
adapt an individualized approach when titrat-
ing toward optimal renoprotection, as genetic 
factors including the ACE I/D polymorphism 
may also specifically inf luence the impact 
of sodium intake on the response to RAAS-
blockade [80,81]. Of relevance for clinical prac-
tice, during RAAS-blockade blood pressure 
becomes more dependent on volume status [30], 
rendering blood pressure into a reasonable indi-
cator of volume status under this condition, 
which can be used to guide sodium restriction. 
In other words, when blood pressure and pro-
teinuria are insufficiently responsive to single-
agent RAAS-blockade, volume overload is the 
most likely cause of therapy resistance. This is 
supported by Slagman et al., showing that in 
CKD subjects on RAAS-blockade, where blood 
pressure is suboptimal, a mild elevation of the 
volume marker NT-proBNP predicts a favorable 
response of blood pressure and proteinuria to 
volume correction by sodium restriction, diu-
retic or the combination [82]. As a consequence, 
dietary sodium restriction, which may be accom-
panied by diuretic use, is needed to overcome 
this situation.

Several eating plans have been proposed to 
reduce dietary sodium intake and, more gener-
ally, to promote a healthy lifestyle. The DASH 
(Dietary Approaches to Stop Hypertension) 
eating plans are rich in vegetables, fruits and 
low-fat dairy products, and have a maximum 
sodium intake limit of 2300 mg/day, accord-
ing to the recommendation by the Dietary 
Guidelines for Americans. The DASH diet as 
such can reduce blood pressure [83], and the 
effect can be enhanced by concomitant focus-
ing on sodium restriction, as demonstrated 
by the DASH-sodium trial [84]. Furthermore, 
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a subgroup analysis from the Nurses’ Health 
Study indicated that the DASH-style dietary 
pattern was associated with a lower risk of rapid 
renal function decline [85]. It remained unclear 
whether this association was driven by sodium 
intake, since an earlier study found no correla-
tion between DASH scores and 24-h urinary 
sodium excretion in a subgroup of the Nurses’ 
Health Study [86].

Conclusion & future perspective
With the expanding epidemic of obesity, driv-
ing the rapidly increasing prevalence of Type 2 

diabetes, novel tools are required to avoid the 
development of diabetic nephropathy on the one 
hand, and to halt progressive renal function loss 
after diabetic nephropathy has ensued on the 
other hand. Classically, intensive glucose con-
trol has been advocated as an important strategy 
to avoid micro- and macrovascular complica-
tions of diabetes, but this approach may not 
be beneficial, or rather result in excess mortal-
ity, in the setting of established CKD. Single-
agent RAAS-blockade to reduce albuminuria 
and blood pressure is the current cornerstone 
therapy to improve renal and cardiovascular risk 

Figure 3. Sodium intake in 21 global burden of diseases regions. Mean (95% uncertainty interval) 
sodium intake (g/day) in 2010 in 21 Global Burden of Diseases regions. Note: regions are ranked by 
levels in both sexes combined, ages 20+ years. Intakes are not age-standardized.  
Reproduced with permission from [6].
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Figure 4. The effect of sodium intake and other factors on changes in volume status as a 
determinant of therapy response and a direct mediator of renoprotection. Volume status is 
determined by sodium intake as well as other genetic and environmental factors, either directly or 
through modulation of the response to sodium intake. 
RAAS: Renin–angiotensin–aldosterone system.
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in patients with diabetic nephropathy, however, 
this therapy is insufficiently effective in many 
patients. Sodium restriction is required to opti-
mize RAAS-blockade efficacy in terms of albu-
minuria and blood pressure reduction, but this 
may very well also impact clinical outcomes. 
Importantly, the reduction in dietary sodium 
intake needed to elicit a significant effect is rela-
tively modest [6]. On the other hand, the renal 
and cardiovascular protective effects of RAAS-
blockade-based therapy disappear when com-
bined with excessive sodium intake in diabetic 
nephropathy [37]. Thus, lifestyle-related factors 
including sodium intake should be considered as 
important additional targets in diabetic patients 
with nephropathy. Dietary counseling regarding 
sodium intake should be part of a more general 
package of lifestyle-related interventions. Recent 
data also highlight the importance of manag-
ing obesity in Type 2 diabetes, which may result 
in fewer hospitalizations, reduced medication 
use and lower healthcare costs compared with 
standard care [87]. Although an effect on cardio-
vascular outcomes could not be demonstrated 
in a large trial in diabetic patients without overt 
kidney disease [88], this has not been explored 
extensively in diabetic nephropathy. Short-
term data however suggest beneficial effects of 

intensive exercise on renal outcomes including 
renal function [89]. Moreover, obesity-associated 
sodium-sensitivity of blood pressure is revers-
ible by weight loss, illustrating that obesity is a 
main determinant of sodium-sensitivity of blood 
pressure [90]. An integrated approach targeting 
both obesity and sodium intake may thus be 
even more effective than each action individu-
ally [71]. In addition, dietary sodium restriction 
is under investigation as an intervention that 
may potentiate novel renoprotective therapies, 
such as vitamin D receptor activators. The vita-
min D receptor activator paricalcitol provides 
reduction of albuminuria in addition to single-
agents RAAS-blockade, as documented in dia-
betic nephropathy [91]. Surprisingly, paricalcitol 
appeared to more effectively reduces albuminuria 
in patients with high sodium intake at baseline. 
Whether this paradoxical effect is true or rather 
a consequence of bias will presumably be deter-
mined by ongoing prospective studies in both 
nondiabetic (ViRTUE trial, Dutch trial register 
NTR2898) [92] and diabetic (PROCEED trial, 
Clinical Trials identifier: NCT01393808 [93]) 
populations.

The beneficial effects of dietary sodium 
restriction on clinical renal and cardiovascular 
endpoints in diabetic nephropathy still require 
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prospective confirmation. Nevertheless, cur-
rently available data strongly support imple-
mentation of a moderate reduction in sodium 
intake combined with single RAAS-blockade 
as a potent and feasible strategy to mitigate the 
burden of renal and cardiovascular disease in 
the highly vulnerable population of diabetic 
nephropathy patients.
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