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Global impact 

Ezzati, M NEJM 2013; 369:954-64 

Deaths attributed to behavioural & dietary factors 
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Lifestyle & Dietary Potential 

Dietary 
–  Restrict dietary salt 
–  Fruit and vegetables 
–  Mediterranean diet 
–  Dietary fibre 
–  Calorie control 
–  Limited cola 

beverages 

Physical exercise 
Weight reduction 
Smoking cessation 
Alcohol reduction  

Increase fitness 

Improve blood pressure 

Improve glycemic 
control 

Reduce albuminuria 

 

Improve survival, 
vascular health, 
etc. 

 

What can we do? 

What should we do? 
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Dietary Sodium 
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Adult population sodium intake 

  

1. Global Burden of Diseases Nutrition and Chronic 
Diseases Expert Group 

Mozaffarian D, NEJM 2014;371:624-634 

CDC accessed Nov 2013 
http://www.cdc.gov/salt/food.html 

Sodium (g/d) Salt - sodium 
chloride (g/d) 

Sodium 
(mmol) 

Mean global consumption1 3.95 10.0 172 

Regional mean consumption1 2.2 to 5.5 5.5 to 14.0 95 to 240 

WHO dietary recommendations, (2013) 2.0 5.1 87 

US Dietary Guidelines (2010) 2.3 5.8 100 
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Sodium intake associated with BP 

PURE – Prospective Urban Rural Epidemiology 
n=51290, aged 35-70 years 
Mente A, NEJM 2014;371:601-611 

Country GDP inversely associated with Na, positively associated with K excretion 
(P<0.001) 
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Reducing sodium reduces BP 

Global Burden of Diseases Nutrition and Chronic Diseases Expert Group 
Mozaffarian D, NEJM 2014;371:624-634 

Each reduction in sodium of 2.30g/d (100mmol/d) reduced SBP by 3.82mmHg (3.08-4.55) 
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Absolute Cardiovascular Mortality Attributed to Sodium Consumption of More than 2.0 g per Day in 2010 
Modelled from associations of sodium intake and blood pressure, and of blood pressure and cardiovascular mortality 

Estimated CV deaths attributed to salt 

Mozaffarian D, NEJM 2014;371:624-634 

1.65million (1.10-2.22) excess CV deaths in 2010 
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Risk of incident stroke associated with higher compared with lower salt intake in 14 population 
cohorts from 10 published prospective studies including 154 282 participants and 5346 events  

Strazzullo P et al. BMJ 2009;339:bmj.b4567 
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Association of estimated Na and K excretion on morning spot urine sample with composite of 
death & major cardiovascular events, mean followup 3.7 years PURE (Prospective Urban Rural Epidemiology) 

O'Donnell M. NEJM 2014;371:612-623 

Sodium and potassium and cv events 

<3.00g/d 3.00-3.99 4.00-5.99 6.00-6.99 ≥7.00 

1.27 
(1.12, 1.44) 

1.01 
(0.93, 1.09) 1.00 (ref) 1.05 

(0.94, 1.17) 
1.15 

(1.02, 1.30) 

<1.5 g/d 1.50-1.99 2.00-2.49 2.50-3.00 ≥3.00 

1.00 ref 0.86  
(0.77, 0.97) 

0.81 
(0.73, 0.91) 

0.86 
(0.75, 0.98) 

0.78 
(0.67, 0.91) 

100mmolNa ≈  2.3g sodium ≈ 5.8g salt 
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Long term randomised followup 

Cook BMJ 2007; 334(7599): 885 

Cardiovascular events Mortality 

Randomised 
n=744 
 
Followup 
n=542 (73%) 
 

Randomised 
n=2382 
 
Followup 
n=1873 (79%) 
 

RR 0.75 (0.57 to 0.99) p=0.04 RR 0.80 (0.51 to 1.26) p=0.34 TOHP RCT 
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Salt intake in kidney disease 

Mortality rate according to salt intake 
in people with DM1 and CKD 
(FinnDiane study) 

ESKD rate according to salt intake in 
the people with CKD (REIN and 
RENAAL-IDNT trials) 

Vegter JASN 2012 Thomas Diabetes Care 2011 

100mmolNa ≈  2.3g sodium ≈ 5.8g salt 
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Median urinary PCR and ACR during 
high and low salt periods  

 

RCTs of altered Na intake in CKD 

Short term cross-over RCTs of altered 
sodium intake in people with CKD show 
reductions in albuminuria 
•  n=20-169 
•  Periods: 2-6 weeks 
•  Intervention: placebo-matched sodium 

supplement on background low sodium 
diet in 3 of 4 trials 

•  Differences in sodium intake of 
55-93mmol/d (3.2-5.5g salt/d) 

•  Reductions achieved in addition to those 
of RAAS blockade in 3 of 4 trials 

* p<0.01 

McMahon E JASN 2013;24:2096-2103 

He Hypertension 2009  Ekinci Diabetes Care 
2009 
Slagman BMJ 2011  McMahon JASN 2013 

**p<0.001 
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Participating provinces 

CRHI: Cluster RCT of salt reduction 

•  120 villages 
•  18 months duration 
•  Multipronged intervention 
•  Outcomes assessment sample 

•  ≥20 people/village randomly 
selected from an age/gender 
stratified sample 

clinicaltrials.gov NCT01259700 

Jardine, 2015, unpublished 
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Intervention impact on Na, K 

Compared with participants 
from control villages: 	  

Participants from intervention villages  
	  

(n=928)	   (n=975)	  

Urinary Na (mmol/day)	   -14 (-27 to -1)	  
Equivalent reduction in salt (g/
day) 0.82 (0.06 to 1.58) 

Urinary K (mmol/day)	   7 (4 to 10)	  
Urinary Na/K ratio	   -0.9 (-1.2 to -0.5)	  
SBP (mmHg)	   -1.0 (-3.4 to 1.4)	  
DBP (mmHg)	   -0.7 (-2.3 to 0.9)	  
Use of BP lowering agents, %	   -3.8 (-0.09 to -7.6)	  

Jardine, 2015, unpublished 
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Sodium reduction lowered uACR 

15% drop in log transformed 
uACR (95%CI 4.3-25.2) 
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Control Multipronged intervention 

1.19 
(1.10 to 1.28)  

1.00 
(0.91 to 1.11)  

p=0.008 

Participants from 
control villages	  

Participants from 
intervention villages  

OR	  (95%CI)	   (n=928)	   (n=975)	   p 

Any	  albuminuria	  	   1.00	  (reference)	   0.67	  (0.46	  to	  0.99)	   0.04	  	  
Microalbuminuria	   1.00	  (reference)	   0.70	  (0.47	  to	  1.06)	   0.09	  
Macroalbuminuria	   1.00	  (reference)	   0.48	  (0.18	  to	  1.32)	   0.16	  	  

Jardine, 2015,  
unpublished 
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Mediterranean Diet 
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Mediterranean diet RCT 

PREDIMED 
RCT, Spain, N=7447,  
Primary endpoint:  
          MI, stroke, cv death 
Stopped at median 4.8 years FU 

Estruch, R. NEJM  2013; 368:1279--90 
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Estruch, R. NEJM   
2013; 368:1279--90 

PREDIMED 
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Estruch, R. NEJM   
2013; 368:1279--90 

PREDIMED 
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Effective Interventions for 
Dietary Behavioural Change 
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Changing dietary behaviour 
•  SR of RCTs with interventions to enhance adherence to 

dietary advice  
•  38 studies, 9445 participants 

Desroches, S. Cochrane Database; 2013 (2)  

Interventions with no proven 
effect 

Group sessions, individual 
sessions, reminders, 
restriction, behavioural change 
techniques 

Interventions that improved at 
least one adherence outcome 

Phone follow up, video, 
contract, feedback, nutritional 
tools, multiple interventions 
–  Contradictory: often didn’t 

improve all adherence 
outcomes 

–  Most effective in short term 
but usually not in longer 
term 
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Weight loss 
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Weight loss for cv protection 

Look AHEAD RCT 
n=5145, US 
DM2 and BMI≥25.0 
Intervention:  

 reduced caloric intake 
 increased physical activity 

Stopped: median 9.6 yrs FU 
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Intervention & cv outcomes  
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Look AHEAD subgroup analyses 
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Weight loss in CKD 
•  SR: 13 studies (2 RCTs but not ITT analysis, 11 

observational studies): mostly low to moderate quality, 
small body of evidence  

Navaneethan, S. CJASN 2009; 4(10):1565-1574 

Effect of nonsurgical interventions on urinary protein excretion in CKD 



KDIGO Diabetes Conference   |   February 5-8, 2015   |   Vancouver, Canada 
Navaneethan S. CJASN 2009;4:1565-1574 

Effect of nonsurgical interventions on GFR in CKD 

Effect of  surgical interventions on GFR in CKD 
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Exercise 
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Exercise in CKD 

•  Comprehensive SR: 9 comparisons, 47 outcomes 
•  45 studies, 1863 participants, mostly dialysis patients, 

short followup 
•  49% classified as high risk of bias 
•  Exercise improved: 

–  2 fitness measures, some laboratory measures 
–  SBP by 6.1 (2.2, 10,1) mmHg,  
–  DBP by 2.3 (0.6, 4.1) mmHg, 
–  heart rate by 6 (2, 10) bpm 

•  No benefit proven for cardiovascular structure 
 
 Heiwe, S. Cochrane Database 2011 (10) 
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Conclusions 

•  Sodium reduction reduces albuminuria in a rural 
Chinese setting over the longer term 

•  Mediterranean diet improves cardiovascular 
outcomes in a Spanish setting 

•  Weight loss improves intermediate markers for 
diabetes and CKD but may be difficult to sustain 

•  Effective interventions for voluntary behavioural 
change are unclear 

•  Exercise improves fitness in the short term 
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Compared with participants 
from control villages: 	  

Participants from 
intervention villages	  

Participants from 
intervention villages 	  

(n=928)	  
Without subsidy 

(n=447)	  
With price parity 

(n=528) 
Urinary Na (mmol/day)	   -9 (-24 to 5)	   -18 (-34 to -2)	  

Equivalent reduction in salt (g/
day) 

0.53 (-0.29 to  1.4) 1.1 (0.17 to  2.0) 

Urinary K (mmol/day)	   5 (1 to 13)	   9 (5 to 13)	  

Urinary Na/K ratio	   -0.6 (-1.0 to -0.2)	   -1.1 (-1.5 to -0.6)	  

SBP (mmHg)	   -0.2 (-3.6 to 3.3)	   -1.8 (-4.4 to 0.8)	  

DBP (mmHg)	   -0.2 (-2.4 to 2.0)	   -1.1 (-2.9 to 0.7)	  

Use of BP lowering agents, %	   -2.9 (-1.8 to -7.6)	   -4.6 (0.27 to -9.0)	  

CRHI: Impact of salt substitute? 

Jardine, 2015, draft 
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CRHI: Impact of salt substitute on 
uACR 

14% drop in log transformed uACR (95%CI +2.8 to -28.7) 
16% drop in log transformed uACR (95%CI -4.2 to -26.8) 
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Control 
salt substitute 
subsidy 

Without With 

1.19 
(1.10 to 1.28)  

1.01 
(0.86 to 1.20)  

0.99 
(0.89 to 1.11)  

p=0.10 

p=0.01 

price subsidy 

Jardine, 2015, draft 
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CRHI: Impact of salt substitute 

Participants from 
control villages	  

Participants from 
intervention 

villages	  

Participants from 
intervention 

villages 	  

OR	  (95%CI)	   (n=928)	  
Without subsidy 

(n=447)	  
With subsidy 

(n=528) 
p for 
trend 

Any albuminuria	   1.00 (reference)	   0.77 (0.44 to 1.33)	   0.59 (0.37 to 0.96)	   0.02	  

Microalbuminuria	   1.00 (reference)	   0.84 (0.48 to 1.47)	   0.59 (0.35 to 0.98)	   0.04	  

Macroalbuminuria	   1.00 (reference)	   0.22 (0.03 to 1.58)	   0.71 (0.24 to 2.06)	   0.41	  

Jardine, 2015, draft 


