
Comment protéger sa 
fonction rénale

J Pengloan

Paris 09 décembre  2023



Les reins

VOL. 21, NO. 1, 1997 91

Alcohol’s Impact on Kidney Function

PUDDEY, I.B.; VANDONGEN, R.; BEILIN, L.J.; AND ROUSE,
I.L. Alcohol stimulation of renin release in man: Its
relation to the hemodynamic, electrolyte, and sympatho-
adrenal responses to drinking. Journal of Clinical
Endocrinology and Metabolism 61(1):37–42, 1985.

RUBINI, M.E.; KLEEMAN, C.R.; AND LAMDIN, E. Studies
on alcohol diuresis. I. The effect of ethyl alcohol
ingestion on water, electrolyte and acid-base

metabolism. Journal of Clinical Investigation
34(3):439–447, 1955.

SOMBERG, K.A. Transjugular intrahepatic portosys-
temic shunt in the treatment of refractory ascites and
hepatorenal syndrome. In: Epstein, M., ed. The Kidney
in Liver Disease. 4th ed. Philadelphia: Hanley &
Belfus, 1996. pp. 507–516.

VAAMONDE, C.A. Renal water handling in liver
disease. In: Epstein, M., ed. The Kidney in Liver
Disease. 4th ed. Philadelphia: Hanley & Belfus, 1996.
pp. 33–74.

VAN THIEL, D.H.; WILLIAMS, W.D.; GAVALER, J.S.;
LITTLE, J.M.; ESTES, L.W.; AND RABIN, B.S. Ethanol—
its nephrotoxic effect in the rat. American Journal of
Pathology 89(1):67–84, 1977.

Cushioned in fatty tissue near the
base of the spinal column, the kid-
neys are efficiently designed organs
that perform two primary tasks in
the body: excretion of metabolic
end products and precise regulation
of body fluid constituents. As they
accomplish these tasks, the kidneys
form and collect urine, which exits
through the ureters to the bladder.

Each of the 2 million functional
units (i.e., nephrons) in a pair of
normal kidneys forms urine as it
filters blood plasma of substances
not needed by the body. Within each
nephron, blood plasma enters a tiny
ball of unusually permeable capillar-
ies (i.e., the glomerulus), filters into
a capsule that surrounds the
glomerulus, then flows through a

long, looping conduit called the
nephron tubule. 

As the plasma filtrate passes
along this channel, the substances
the body needs to conserve are reab-
sorbed into an extensive network of
capillaries that wrap the nephron
tubule. Many electrolytes and 99
percent of the water in the filtrate are
reabsorbed, while waste products,
such as urea (an end product of pro-
tein metabolism formed chiefly in
the liver) and creatinine (an end
product of muscle metabolism), as
well as excess electrolytes (particu-
larly sodium, potassium, chloride,
and hydrogen ions), continue to
journey along the tubule. Small
amounts of unwanted substances
also are secreted directly into the
nephron tubules. Together, the fil-
tered and secreted substances form
urine (see figure) and eventually
trickle into a series of progressively
larger collecting ducts. Each 4.5-
inch-long kidney contains about 250
of the largest collecting ducts, each
duct transmitting urine from approxi-
mately 4,000 nephrons.

Of the 48 gallons of filtrate pro-
cessed through the nephrons of the
kidneys each day, only about 1 to
1.5 quarts exit as urine. During this
filtering process, substances areUrine formation. Three basic processes—glomerular filtration, tubular reabsorption,

and tubular secretion—contribute to urine formation, as shown in this schematic.
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enters the glomerulus
through the afferent
arteriole and filters into
the surrounding cap-
sule at the “head” of
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2. Reabsorption:
Useful substances
are reabsorbed from
the nephron tubule
into the adjacent
peritubular capillary.

3. Secretion: Waste
products to be elimi-
nated are taken up
from the peritubular
capillary into the neph-
ron tubule.

KIDNEY STRUCTURE AND FUNCTION

(continued on page 92)

Glomérules: 1 million par rein

Filtration glomérulaire: 120 ml/min = Fonction rénale 


Soit  170 litres de sang par jour

IR:< 60 ml/min 

Les reins assurent l’homéostasie de l’organisme 



La fonction rénale

• Le capital « rein » ou néphronique 


• L’ environnement


• Notre comportement



• Poids de naissance.              2,2 Kg 

• Genre  

• Rein solitaire:     


•   à 18 ans 75% Des Reins solitaires  congénitaux ont des 
anomalies rénales 

• Génétique 

•Maladies génétiques


•Progression de l’IRC: UMOD, REN, …


• Ethnicité 

•Age 

Notre capital « rein » ou néphronique



Capital « rein » et âge
A partir de 40 ans: 

Perte de 2ml/min/an



Fonction rénale et environnement

• Variations thermiques


• Air



Chaleur extrême et rein 
• Département d’Urgences New York 2005-2013


• Chaleur extrême : > 90ème percentile de la 
temperature habituelle 


• 1 114 322 entrées 
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5.1%) than in summer (excess rates ranged from 1.5% to
2.7%). In May, the association of extreme heat exposure
with renal ED visits lasted for a whole week following the
exposure, with the strongest association occurring on lag
day 2 (excess rate of 5.1% [95% CI, 3.4%-6.8%]). In
September, the association was strongest on lag day
0 (excess rate of 4.2% [95% CI, 2.6%-5.8%]), but a sta-
tistically significant association was lost by lag day 4.
During the summer months, the association of extreme
heat exposure with renal ED admissions lasted for the
whole week of observation, but the magnitude never
surpassed the strength of association observed in May.

The associations between extreme heat exposure and ED
visits by kidney disease subtypes are presented in Table 2.

We found that extreme heat exposure was significantly
associated with greater ED visits due to AKI, kidney stones,
UTIs, other kidney and ureter disorders, and other lower
urinary tract disorders. The association was strongest for
AKI and lasted for 4 days after the extreme heat exposure
(excess rates monotonically decreased from 16.5% on lag
day 0 to 4.3% on lag day 4). The association between
extreme heat exposure and kidney stones persisted for the
whole week (excess rates ranged from 3.8% on lag day 6
to 8.2% on lag day 2). The association of extreme heat
exposure with UTI was transient and lasted from lag day
0 to lag day 2. The association with other kidney and
ureter disorders was observed 1 day later (lag day 1) and
lasted to lag day 3 (excess rates ranged from 7.0% to
9.5%), while the association with other lower urinary tract
disorders began on lag day 4 and ended on lag day 6
(excess rates ranged from 1.8% to 2.9%).

In Table 3, we present the modification effect of soci-
odemographic characteristics on the associations between
extreme heat exposure and renal ED visits. Age and sex
modified the association significantly. Results of stratifi-
cation analyses showed that older individuals (aged >65
years) experienced more renal ED visits during the short-
term period after extreme heat exposure (from lag days
0 to 3). However, for participants aged 18-65 and 5-18
years, extreme heat exposure was associated with excess
risk of renal ED visits during the whole week from lag day
0 to lag day 6. Notably, we found that the association was
stronger for male than female individuals. Race, ethnicity,
and insurance did not significantly modify the associations.
To detect a potential dose dependence in the association
between extreme heat exposure and renal ED visits, we
assessed excess rates according to the number of days of
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Figure 1. Excess rate (%) of emergency department visits with a
principal diagnosis of kidney disease on lag days 0 to 6 following
extreme heat exposure.
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Figure 2. Excess rate (%) of emergency department visits with a principal diagnosis of kidney disease on lag days 0 to 6 after
extreme heat exposure, by month (May or September) or summer season (June through August).
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Entrées en excès avec un diagnostic d’atteinte rénale dans 
les 0 à 6 jours suivant une exposition à une chaleur extrême 

 Les entrées pour atteinte rénale ont été 
observées  
  - Dans la semaine suivant l’épisode 
  - Dépend de la durée de l’épisode 
  - Survient surtout pendant les périodes de 
transition (mai) 



CKDu    Néphropathies d’origine inconnue

• Survenue  de cas d’IRC 


• Nicaragua, Salvador …Sri 
Lanka …Californie ,  Inde …


• Travailleurs agricoles 


• Puis femmes et enfants


• Zones localisées 

Chaleur extrême 

 (humidité) 

Activité physique 

intense 

Eau

Multiples épisodes d’IRA 
Néphropathie interstitielle  

Fibrose IRC 

Origine toxique????

CINAC nonetheless may develop as the result of a
potent calcineurin inhibitory action to which the inherently
heavily exposed proximal tubule is extremely vulnerable.

Repeated episodes of severe dehydration have been
proposed as a cause of CINAC.58,59 However, recent re-
views have pointed out the increasing worldwide incidence
of CINAC in concert with agricultural mechanization in
the 1990s, the absence of CINAC in hotter northern Sri
Lanka and Cuba where agrochemicals are rarely or ever
used, the mosaic geographic pattern of CINAC in endemic
areas despite a uniform overall climate and type of agri-
cultural activity, and the presence of CINAC among
woman, children, and adolescents who are not exposed to
harsh working conditions.2,3,7 Thus there is epidemiolog-
ical evidence that CINAC is not solely a dehydration-
induced disease, and histopathological evidence is
lacking.2 However, increasing evidence shows that CINAC
might be related to agrochemical exposure.60–66 In-
secticides and herbicides, some with suggested nephro-
toxicity, have been applied extensively in sugar cane fields,
paddy fields, and vineyards since the late 1980s.67–70 A
higher prevalence of CINAC is seen in people exposed to
stationary drinking water from ground wells in contrast to
serving wells in endemic regions, suggesting exposure

to toxins through contaminated drinking water or other
routes of (in)direct exposure.62 Our morphologic findings
add a strong argument to CINAC’s toxic etiology. In

Figure 10 | Phenotypical variability of the lysosomal lesion. Two very large dysmorphic lysosomes are accompanied by several smaller
ones (a). All contain dispersed electron-dense aggregates. An extremely dysmorphic lysosome containing aggregates against a slightly paler
matrix (b). Examples of clusters of smaller dysmorphic lysosomes containing aggregates (c,d). Images are from Sri Lankan patients
with Chronic Interstitial Nephritis in Agricultural Communities. To optimize viewing of this image, please see the online version of
this article at www.kidney-international.org.

Table 1 | Diagnostic criteria of the aberrant lysosomal
phenotype

Observed phenotype
Diagnostic

interpretation

Light
microscopy

Presence of enlarged proximal tubular
cell argyrophylic granules (identified
as lysosomes) in association with
varying degrees of epithelial
simplification, tubular atrophy,
luminal cell fragment shedding with
or without tubulointerstitial expansion
(inflammation, edema, fibrosis)

Suggestive
(requiring
electron
microscopy
confirmation!)

Electron
microscopy

Presence of enlarged (>1.2 mm)
dysmorphic lysosomes containing
dispersed rounded/irregular electron
dense aggregates

Confirmed

Presence of 2 or more clusters of $3
lysosomes that meet the
aforementioned criteria of
intralysosomal aggregates and mild to
moderate dysmorphia but are smaller
than 1.2 mm in greatest diameter

Suspicious

c l i n i ca l i nves t iga t i on BA Vervaet et al.: CINAC, a toxin-induced lysosomal tubulopathy

360 Kidney International (2020) 97, 350–369



France 
Champagne et Beaujolais  

Septembre 2023 

Températures: 33 à 34°C à 
l’ombre dans les vignes

« Vendanges : six personnes sont mortes à cause 
de la chaleur la semaine dernière » Journal 



Particules fines  PM 2,5 um

Origines des polluants de l'air en France ©  CITEPA 2019 (chiffres présentant 



Particules fines PM 2,5um

• Cohorte prospective.    Chine


• 72425 participants >= 18 ans sans atteinte 
rénale 


• 2005-2017 (fin du suivi  2018)  visite annuelle

year or 2-year average PM2.5 exposure, on the risk of CKD in
countries or regions with relatively low PM2.5 concentra-
tions such as the United States, Taiwan, and Poland.5-8,26,27

The findings reveal some uncertainties about the association
between long-term exposure to PM2.5 and the risk of CKD.
Four cohort studies conducted in the United States found a
significant association between PM2.5 exposure and risk of
incident CKD.5-8 A cohort study in Taiwan found that
increased PM2.5 concentrations were associated with greater
risk of CKD (HR, 1.74 [95% CI, 1.53-1.98]).28 Another
study in Taiwan reported that, for every 5-μg/m3 lower
PM2.5 concentration, the risk of CKD was 25% lower (HR,
0.75 [95% CI, 0.73-0.78]).29 However, in a cross-sectional
study of 21,656 Taiwanese adults, no relationship was
found between PM2.5 exposure and CKD prevalence, with
an odds ratio of 1.03 (0.97-1.09).26 By contrast, a cross-
sectional study in Poland demonstrated that exposure to
increased PM2.5 levels was associated with the development
of CKD.27 These inconsistent results may be due to
geographical differences in the link between PM2.5 and CKD
risk. Therefore, it is critical to investigate the health hazards
in regions with high levels of PM2.5 pollution such as
mainland China.

In our study, long-term PM2.5 concentrations (median,
72.27 [IQR, 61.21-74.88] μg/m3) were nearly 3-fold
higher than in Taiwan (IQR, 21.1-26.6 μg/m3), 6-fold
higher than in the United States (IQR, 11.4-12.2 μg/
m3), and 7-fold higher than in Poland (median, 10.9 μg/
m3).8,26,27 Recently, Li et al14 did a cross-sectional study in
China and found a positive association between 2-year
mean PM2.5 exposure and CKD prevalence; for every 10-
μg/m3 greater PM2.5 concentration, the odds ratio for
prevalent CKD was estimated to be 1.28 (95% CI, 1.22-
1.35). Consistent with results of this cross-sectional study,
our cohort study showed that every 10-μg/m3 greater
previous 1-year PM2.5 and cumulative average PM2.5

concentration was associated with increased risk of inci-
dent CKD (HRs of 1.28 [95% CI, 1.21-1.36] and 1.71
[95% CI, 1.58-1.85], respectively).

The potential mechanisms by which PM2.5 pollution
may contribute to CKD risk remain to be elucidated. It is
commonly thought that inflammation and oxidative stress
facilitate deterioration of kidney function.30,31 In addition,
the kidney is a highly vascular organ and is prone to the
development of vascular dysfunction. A previous study
suggested that endothelial/vascular dysfunction may be
the underlying mechanism for CKD caused by PM2.5.

32

Some studies in animal models provide further evidence
for a link between PM2.5 exposure and CKD risk.33,34 Re-
searchers exposed rats to PM2.5 and found that PM2.5

exposure may accelerate reductions in glomerular filtration
rate and induce early kidney damage.33 In another rat
study, Tavera Busso et al found that exposure to PM2.5 may
cause changes in kidney tissue that promote a decline in
kidney function.34

Our study has some limitations that should be noted.
First, this study did not account for details of socio-
economic status such as access to health care and
household income, which may be associated with the
development of CKD. Second, data on population den-
sity (rural vs urban) are also not available in our study.
The lack of data on indoor air pollution exposure, the
used of a fixed address to assess PM2.5 exposure, and the
lack of information on participants’ activity patterns are
other limitations.

Despite these limitations, our study has several note-
worthy advantages. This cohort study conducted in
mainland China had a large sample size that is represen-
tative of the general Chinese population and adds to evi-
dence of the association between high levels of PM2.5

exposure and risk of CKD. In addition, given the non-
negligible influence of humidity and temperature on
PM2.5, we evaluated the effect of the joint interaction of
temperature or humidity on the development of CKD
associated with PM2.5. Furthermore, we calculated multi-
ple long-term exposure windows, including prebaseline
exposure with distinct time periods and cumulative
average PM2.5 concentration over the follow-up period, to
estimate the optimum exposure time windows to define
exposure risk and the longitudinal effects on CKD.
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Figure 2. Exposure dose-response curves for the association
between long-term exposure to particulate matter no larger
than 2.5 μm (PM2.5) and incident chronic kidney disease. The
model was adjusted for baseline age, sex, body mass index,
smoking, alcohol use, exercise, education, systolic and diastolic
blood pressure, fasting plasma glucose, total cholesterol, uric
acid, estimated glomerular filtration rate, hypertension, diabetes,
history of cardiovascular disease, temperature, and humidity.
Curves were fitted as a smooth term using a restricted cubic
spline with 5 knots (at the 5th, 25th, 50th, 75th, and 95th per-
centiles). The reference value of PM2.5 concentration was
31.58 μg/m3. The shading indicates 95% CIs. The histogram
represents the frequency distribution of PM2.5 exposure among
study participants. HR, hazard ratio.
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Pour chaque augmentation de 10 microgr /m3 
de PF 2,5  il y a un 0R de 1, 28

Association entre exposition aux particules fines 
et risque de survenue d’IRC
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• Europe: valeurs limites: 25 ug/m3



FR et comportement: 
10 attitudes à risque pour la Fonction Rénale . (From National Kidney Foundation)

• 1- Utiliser trop d’antidouleurs 

• 2- Abuser du sel 

• 3- Manger des aliments ultra transformés 

• 4- Ne pas boire assez d’eau 

• 5- Ne pas dormir suffisamment 

• 6- Manger trop de viande 

• 7- Manger trop d’aliments sucrés 

• 8- Fumer 

• 9-  Boire trop d’alcool 

• 10 - Rester assis



FR et comportement: 1- Utiliser trop d’antidouleurs (AINS, analgésiques)

• AINS:


•  COX1-COX2: 
Indomethacine, Ibuprofen


• 5-50% COX2: Celecoxid, 
Etodolac  

    | 5 of 7DROŻDŻAL et AL.

and	activation	of	T	lymphocytes	are	suspected.	Additionally,	the	ef-
fect	of	leukotrienes	(an	alternative	pathway	in	the	arachidonic	acid	
cascade),	 through	 activated	 T	 lymphocytes,	 cause	 minimal	 lesion	
disease and nephrotic syndrome for several days after the use of 
NSAIDs.41	 These	 drugs	 also	 have	 long-	term	 effects,	 examples	 of	
which are described below.

There	 have	 been	 numerous	 reports	 of	 TIN	 in	 patients	 taking	
NSAIDs.	Henao	et	al.	reported	a	case	of	interstitial	nephritis	proven	
in	biopsy	 in	a	73-	year-	old	woman	taking	celecoxib	for	over	a	year.	
This	 resulted	 in	 the	 above-	mentioned	 inflammation	 with	 protein-
uria	 and	 AKI	 requiring	 hemodialysis.	 Discontinuation	 of	 the	 drug	
for	 2	weeks	 resulted	 in	 an	 improvement	 in	 renal	 parameters.42 In 
2018.	Szponar	et	al.	discussed	a	case	of	a	61-	year-	old	patient	who	
developed	acute	TIN	after	using	diclofenac	for	a	few	days	for	gout	
symptoms.	 After	 discontinuation	 of	 the	 drug,	 an	 improvement	 in	
renal parameters was observed after a few days and the patient was 
discharged	on	day	11	of	hospitalization.43 In 2018 by a team led by 
Hsiu-	Wen	Chang	described	a	 case	of	 a	28-	year-	old	woman	 taking	
diclofenac 25 mg or mefenamic acid 500 mg two to three times a 
day for migraine headaches. Due to severe pain that persisted after 
taking	the	drug,	she	was	taken	to	the	emergency	department	where	
30	mg	of	 ketorolac	was	administered	 intravenously.	The	 renal	pa-
rameters	 were	 normal	 at	 the	 time	 (eGFR	 =	 113.3	 ml/min).	 After	
2	days,	she	was	admitted	to	the	hospital	due	to	bilateral	lumbar	pain	
caused by acute interstitial nephritis. Symptoms of inflammation re-
solved	after	drug	discontinuation,	whereas	the	use	of	bilateral	dou-
ble-	J	and	Foley	catheter	to	reduce	bladder	pressure	and	facilitate	its	
outflow resulted in the resolution of clinical symptoms.44

One	 of	 the	mechanisms,	 through	which	NSAIDs	 cause	 kidney	
damage,	 is	 basement	 membrane	 injury.	 Nasrallah	 et	 al.	 evaluated	
the	kidney	effects	of	NSAIDs	 in	diabetic	rats.	Studies	have	shown	
that	 chronic	 PG	 inhibition	 through	 the	 use	 of	 NSAIDs	 (celecoxib,	
20	 weeks)	 is	 associated	 with	 thinning	 of	 the	 glomerular	 base-
ment	membrane,	 a	 reduction	 in	 the	 slit	pore	diameter,	 a	decrease	
in	 the	 density	 of	 podocytes,	 and	 an	 increase	 in	 the	 mesangium.	
Those alterations lead to exacerbation of the patient's condition 
and acceleration of disease progression. Ibuprofen induced more 
severe	 symptoms	 than	 celecoxib,	 resulting	 in	 severe	 necrotizing	
pyelonephritis.45

Bakhriansyah	 et	 al.	 conducted	 a	 cohort	 analysis	 of	 patients	
from	 the	British	primary	 care.	The	effect	of	NSAID	exposure	was	
compared with the development of nephrotic syndrome. It has 
been proven that the use of these drugs for more than 14 days is 
associated	 with	 a	 significantly	 higher	 risk	 of	 nephrotic	 syndrome	
(OR	=	1.34).46

5  |  SUMMARY

NSAIDs	have	an	inhibitory	effect	on	both	COX-	1	and	COX-	2,	that	is,	
enzymes	that	inhibit	PG	synthesis.	Both	forms	of	this	isoenzyme	are	
found	in	the	kidney.	Blocking	one	or	both	of	these	enzymes	can	af-
fect	 different	 kidney	 functions.8,10,11	 COX-	2-	derived	 PGs	 have	 pro-
found	effects	on	renal	homeostasis,	suggesting	that	selective	COX-	2	
inhibitors such as celecoxib may have the same potential for renal ad-
verse	effects	as	traditional	nonselective	NSAIDs,	especially	in	clinical	

F IGURE  3 Summarization	of	main	renal	pathomechanisms	associated	with	NSAIDs	usage.	The	usage	of	NSAIDs	could	disturb	kidney	
function	in	multiple	pathways.	The	chronic	usage	of	NSAIDs	could	lead	to	CKD	as	the	effect	of	hemodynamic	disturbances.	The	TIN	
could	be	the	effect	of	the	consequence	of	prolonged	exposure	to	NSAIDs.	A	possible	mechanism	is	assigned	to	a	delayed	hypersensitivity	
reaction,	with	interstitial	infiltration	of	eosinophils	and	T	cells.	NSAIDs	could	also	lead	to	AKI,	especially	in	patients	with	comorbidities	and	
polypragmasia.	AKI,	acute	kidney	injury;	CKD,	chronic	kidney	disease;	NSAID,	nonsteroidal	anti-	inflammatory	drugs;	TIN,	tubulointerstitial	
nephritis

Pharmacol Res Perspect. 2021;9:e00817. 

(PDRN) has been found to reduce NSAID-induced gastropathy by re-
ducing pro-inflammatory cytokines and apoptosis via MAPK/NF-κB
signaling pathway [131]. Moreover, due to the inhibition of PGHS
isoforms, AA metabolism probably shifts towards 5-lipoxygenase
pathway producing leukotrienes which can also induce inflammation in
the gastric mucosa [18]. Lately, it has been also shown that via PKCζ-
P38-DRP1 pathway, indomethacin triggered the subcellular activation
of mitochondrial hyper-fission which is critical in contributing to gas-
tric mucosal injury [105]. Having discussed all these mechanisms, it is
important to mention that gastric acid secretion along with inhibition of
PGHS-derived PGs may be attributed to the aggravation of the pa-
thology inflicted by MOS. Conforming to the aforementioned; the most
critical consequence of PGHS-inhibition could be perturbation of mi-
crocirculation [19]. Other than PGs, nitric oxide (NO) also plays a
significant role in maintaining intestinal microcirculation. However, a
long-term clinical trial did not significantly show any difference be-
tween AZD3582 (PGHS-inhibiting nitric oxide donator) versus NSAID
in osteoarthritis patients [133]. In addition, neutrophil infiltration has
been also implicated in the mechanically compromised micro vascular
blood flow [19]. However, vascular effects could not be considered as
the primary event in NSAID-mediated gastric mucosal damage [19].
Since gastric mucosal lining is constantly exposed to gastric acid, a role
of acid should also be discussed in regard to NSAID-toxicity. The “ion
trapping theory” demonstrates that the acidic pH of the gastric lumen
facilitates passive cellular diffusion of the non-ionized, lipid soluble
NSAIDs followed by re-conversion into ionized and lipophobic form
within the neutral cytosolic pH of the gastric mucosal cell where they
are assumed to induce subsequent toxicity [24]. In addition, the gastric
acid synergistically acts as an aggravating necrotic factor to further
erode the mucosa thereby worsening the gastric consequences of long
term NSAIDs-treatment [19]. In relationtomucosalerosion, it is note-
worthy that NSAIDS also prevent re-epithelialization of the injured
mucosal layer [134]. As a remedial measure, clinicians mostly depend

on histamine H2 receptor antagonists, proton pump inhibitors (PPIs)
and antacids which predominantly act by suppressing gastric acid se-
cretion and neutralizing luminal acidity respectively [115]. There is
also evidence that PPIs like omeprazole exert anti-oxidant effect at a
dose much lower than their acid suppressing dose [126], thereby in-
dicating a dual effect of PPI-based treatment. However, complications
of excessive gastric acid suppression, like dyspepsia, luminal dysbiosis,
gastric microfloral imbalance, vitamin B12 deficiency, pernicious an-
emia, osteoarthritis, malabsorption of certain drugs active in the acidic
microenvironment and even gastric parietal cell hyperplasia and gastric
cancer staunchly warrant against rampant use of PPIs and histamine
receptor blockers [104]. In fact, a recent study also indicated that PPIs
can actually exacerbate indomethacin-induced small intestinal damage
by detrimentally altering intestinal microbiome composition [135].
Hence, gastric acid is in no way a physiological evil and opting for anti-
oxidant-based therapeutic strategy to prevent the gastric mucosa from
NSAID-induced cytopathies is a rather safer approach than indis-
criminate usage of acid suppressors.

In addition to upper gut complications, detrimental impact of
NSAIDs on lower gastrointestinal tract is equally crucial in the risk
evaluation of these drugs. In fact, over the past decade hospitalizations
due to NSAID-associated lower gut complications have increased com-
pared to the upper gut pathologies [136], thereby underscoring the
relevance of NSAID-enteropathy manifested as iron deficiency anemia,
protein loss and hypoalbuminemia, indigestion, and abdominal pain.
Severe complications include luminal perforation, occult bleeding, in-
testinal stricture, obstructions and ulcers [137]. Advent of modern
imaging techniques including capsule endoscopy and double balloon
endoscopy have eased the detection of myriad enteric lesions including
erosions, petechiae, varix, reddened folds, loss of villi and ulcers
[137–138]. Incidentally, enteric injuries are evident in approximately
71% of chronic NSAID users [139], while prevalence rate of direct
mucosal breach has been found in around 50% of chronic NSAID users

Fig. 5. Effect of NSAIDs on different target organs. The action of NSAIDs on major organs including stomach, small intestine, heart, liver, kidney, respiratory tract
and brain is mainly mediated through PGHS-dependent prostanoid modulation and alteration of mitochondrial functional integrity leading to mitochondrial oxi-
dative stress (MOS) generation, depolarization of mitochondrial transmembrane potential (ΔΨm) and consequent cell death. However, in heart, low dose aspirin
actually offers cardioprotection through anti-thrombotic effect. Upward arrows indicate upregulation/elevation; downward arrows indicate downregulation/de-
pletion.

S. Bindu, et al. Biochemical Pharmacology 180 (2020) 114147
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Aliments Ultra transformés AUT: 
aliments/boissons   construits 

industriellement, qui ne 
contiennent que peu ou pas de 

produits intacts  mais des extraits 
de nourriture et/ou des additifs 

artificiels

En France, les aliments 
ultratransformés 
représentent environ 80 % 
de l’offre actuelle en hyper 
et supermarchés,
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transformés

Lire les étiquettes:
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Etudes de cohortes - prospectives 

1-  Association between ultra processed food consomption and risk of incident CKD: a prospective cohort study  Am. J. Kidney Dis 
2022; 80(5):589-599 

2-  Ultraprocessed food consumption and kidney function decline

In a population-based cohort in the Netherlands Am J Clin Nutr 2022; 116:263-273 

3- The Intake of Ultra-Processed Foods and Prevalence of CKD: The Health Examinees Study.  Nutrients 2022, 14, 3548 

4- Association of Diet Quality Indices with longitudinal Changes in Kidney Function in US Hispanics/Latinos: Findings from the Hispanic 
Community Health Study/ Study of Latinos  Kidney360 2021 2,50 

1-  Il existe une association indépendante entre la consommation d’aliments UT 
et la survenue d’une IRC 

2-  Ce processus est en partie réversible en modifiant la diététique  
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CRIC N= 2403. IRC  21-74 ans 14 ans de suivi  
Adherence to Healthy Dietary Patterns and Risk of CKD Progression and All-Cause 
Mortality: Findings From the CRIC (Chronic Renal Insufficiency Cohort) Study 

Am J Kidney Dis. 2021 February ; 77(2): 235–244 

Figure 1. Risk of chronic kidney disease progression by component of aMed score (comparing 
tertile 3 to tertile 1)
Risk of chronic kidney disease progression by component of aMed score (comparing tertile 
3 to tertile 1)a.
a Cox proportional hazards models to estimate hazard ratios (HR) and 95% confidence 
intervals (CI) on a logarithmic scale. Hazard ratios can be interpreted as the likelihood of 
chronic kidney disease progression comparing participants in tertile 3 to participants in 
tertile 1 for the given component of aMed score. Models were adjusted for total energy 
intake, clinical site, age, sex, race, education, income level, estimated glomerular filtration 
rate, urinary protein, smoking status, physical activity, body mass index, diabetes mellitus, 
hypertension, cardiovascular disease, high-density lipoprotein cholesterol, angiotensin-
converting enzyme inhibitor or angiotensin II receptor blocker use, and all other components 
of the aMed score.
aMed, alternate Mediterranean diet; MUFA, monounsaturated fatty acids; SFA, saturated 
fatty acids.
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RESEARCH LETTER

Changes in Diet Quality, Risk of CKD
Progression, and All-Cause Mortality in
the CRIC Study

To the Editor:
Adherence to healthy dietary patterns is associated with

reduced risk of chronic kidney disease (CKD) progression
and mortality in adults with CKD.1-3 However, diet is
modifiable, and changes in diet quality may predict disease
course and survival.4,5 Using data from the Chronic Renal
Insufficiency Cohort (CRIC) Study, we assessed the asso-
ciations of 4-year changes in diet quality with the subse-
quent risk of CKD progression and all-cause mortality in
adults with CKD.

The CRIC Study enrolled adults with reduced estimated
glomerular filtration rate (eGFR; 20-70 mL/min/1.73 m2)
(Item S1).6 Diet was assessed at baseline and year 4. We
included participants with nonmissing dietary assessments
and covariates (Fig S1). We calculated diet quality using 4
index scores: Healthy Eating Index (HEI) 2015, Alternative
Healthy Eating Index (AHEI) 2010, Dietary Approaches to
Stop Hypertension (DASH) diet score, and alternate Med-
iterranean diet score (aMed) (Table S1). We classified
scores as low (less than or equal to the baseline median) or
high (greater than the median) and categorized changes as
sustained low (low on both assessments), sustained high
(high on both assessments), worsened (high at baseline,
low at follow-up), or improved (low at baseline, high at
follow-up). We also examined absolute diet score changes
(year 4 less baseline), categorized as increased, stable, or
decreased.

We calculated covariate-adjusted hazard ratios for as-
sociations between changes in diet quality and time to CKD
progression (defined as 50% reduction in eGFR from year
4, or initiation of kidney replacement therapy) and all-
cause mortality (Item S1). Person-years were calculated
from year 4 until the event, study withdrawal, loss to
follow-up, or administrative censoring (January 2019).
We assessed robustness of findings across subgroups by
sex, race, diabetes, year 4 eGFR, and year 4 proteinuria.

Mean diet scores did not change substantially over 4
years (Fig S2), but there was considerable variation in
observed changes (Fig S3).

Participants with sustained high diet scores were more
educated and reported higher incomes than those with
sustained low scores or scores that changed (Table 1;
Table S2). Food and nutrient changes associated with
categorized score changes are in Table S3.

There were 412 CKD progression events (308 were
kidney replacement therapy initiation) observed over a
median of 7.0 (IQR, 3.3-9.5) years. The association be-
tween categorized diet change and CKD progression

differed by diabetes status. Among adults without diabetes,
those with sustained low AHEI-2010 and aMed scores had
41% and 39% lower risk of CKD progression, respectively,
while those with improved aMed scores had 58% lower
risk relative to those with sustained high scores (Fig 1A;
Table S4). Among adults with diabetes, those with AHEI-
2010 scores that worsened had 93% higher risk of CKD
progression, while both improvements and declines in
DASH scores were associated with higher risk relative to
those with sustained high scores (Fig 1B). Changes in HEI-
2015 scores were not associated with CKD progression.
Results were similar across sex, race, eGFR, and proteinuria
subgroups.

When analyzed as categorized 4-year absolute score
changes, among adults without diabetes, increased DASH
scores were associated with 39% lower risk of CKD pro-
gression compared to stable scores (Table S5). Among
adults with diabetes, those with decreased AHEI-2010
scores had 63% higher risk of CKD progression
compared to those with stable scores.

There were 393 deaths over a median of 9.4 (IQR, 7.9-
10.4) years. Associations between diet change and mor-
tality were consistent across all subgroups. Compared to
those with sustained high scores, those with worsened
DASH scores had 41% higher risk of death, and those with
sustained low aMed scores had 41% higher risk of death
(Fig 1C; Table S6).

Analyzed as categorized 4-year absolute score changes,
adults with decreased AHEI-2010 scores had 34% higher
risk of death compared to those with stable scores
(Table S7).

As diet was not assessed after year 4, we could not
measure subsequent changes that may have influenced
these associations. We cannot discern the extent to which
changes in scores were influenced by random measure-
ment error associated with self-reported diet. Inclusion in
our study sample required survival to year 4 and complete
diet and covariate assessments, which may have introduced
selection bias (Table S8). The main analysis does not ac-
count for albuminuria, a key predictor of CKD progression.
Reverse causality may explain findings, as participants
might have changed their diets in response to their health
condition. Additional research is warranted to understand
motivators of diet change in this population.

Four-year changes in diet quality were not consis-
tently associated with CKD progression in adults with
CKD. Associations varied by diet quality index and dia-
betes status. Different associations by diabetes status may
be due to differing motivations for change, as people
with diabetes may be followed more closely by physi-
cians and receive instruction to change their diet. De-
clines in DASH scores were associated with higher
mortality risk. Worsening diet quality may predict earlier
death in adults with CKD.
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Figure 1. Adjusted hazard ratios for CKD progression in participants (A) without (n = 790) and (B) with (n = 606) diabetes, and for (C)
all-cause mortality (n = 1,461), according to categorized 4-year changes in diet quality scores. Hazard ratios (95% CI) estimated using
Cox proportional hazards models adjusted for CRIC study site, age, sex, race, education, income, eGFR, total energy intake, physical
activity, BMI, change in smoking status, change in physical activity, change in BMI, change in energy intake, cardiovascular disease, hy-
pertensive status, use of lipid-lowering medications, ARB or ACEI use, and use of antiplatelet medications. For DASH and HEI-2015
scores, alcohol use and change in alcohol intake were also included. Models for all-cause mortality also adjust for diabetes status.
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Am J Physiol Renal Physiol 319: F966–F978, 2020. 

controlled by the light cycle (36, 74). It may be speculated that
circadian variation in vasopressin levels protects against dehy-
dration during the inactive phase of the 24-h day cycle, when
water intake is limited (31).
Melatonin is another hormone that exhibits significant diurnal

variations closely related to the circadian fluctuations of sympa-
thetic innervation, renin, and aldosterone (13, 37, 58), and it has
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Fig. 9. Circadian variation in creatinine clearance. Time points show means±SD
across all (A), female (B), and male (C) study subjects.
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Fig. 10. Circadian variation in urinary excretion of urea. Time points show
means±SD across all (A), female (B), and male (C) study subjects.
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16 sujets en bonne santé    IRM

evaluated with a mixed model approach (46) as implemented in the
Mixed procedure of SAS software (SAS Institute, Cary, NC). Subject
and the subject versus time interaction were regarded as random fac-
tors, whereas time was used as a fixed factor. Post hoc pairwise com-
parisons were adjusted for multiplicity by Tukey’s method. P < 0.05
was considered statistically significant.

RESULTS

Table 1 shows the characteristics of the study subjects. Repr-
esentative examples of T2-weighted, regional renal blood flow,
and R2* images are shown in Fig. 1A together with typical place-
ment of ROIs in Fig. 1B. Mean regional renal perfusion and R2*
values in the cortex and outer and inner medulla over the 24-h pe-
riod for all female and male study subjects are shown in Table 2.
No significant difference in regional renal perfusion was found ei-
ther between the right and left kidneys or between the sexes. For
R2*, no significant difference was found between the right and
left kidneys, but for the outer medulla, a significant difference
was found between the sexes, with slightly higher values in male

subjects. Total renal blood flow was quantified by PC-MRI in all
16 subjects. Double renal arteries (1 right sided and 2 left sided)
were found in three male subjects. In these cases, total renal blood
flow was computed by the summation of the blood flow through
both renal arteries (2). Total renal blood flow was significantly
different (P = 0.05) between sexes: 829±149 mL/min and
1,168±212 mL/min for female and male subjects, respectively
(average right and left kidney, mean over 24 h), but not between
the right and left kidneys.
Significant variations of total renal blood flow were found

during the course of the 24 h in both female and male subjects
(Fig. 2). Total renal blood flow was increased during the late
afternoon/evening hours (1601–2000 and 2001–2400) compared
with the early afternoon and night. Average cortical and outer
and inner medullary regional renal perfusion was 311± 44,
84 ± 6, and 34± 4 mL/min/100 g, respectively (mean over 24 h,
all subjects). No significant variations in cortical, outer medul-
lary, or inner medullary regional renal perfusion were found
over the period of 24 h in all, female, or male subjects (this is
shown summed across right and left kidneys in Fig. 3); however,
cortical regional renal perfusion showed a pattern of diurnal
changes similar to that of total renal blood flow (Fig. 2). Mean
renal volume was 173± 31 mL (female subjects: 151 ± 20 mL
and male subjects: 194± 25 mL). No statistical difference in
total kidney volume was found between the right and left kid-
neys for a given subject, although a significant difference was
found in total kidney volume between sexes (P < 0.01). A
strong correlation was found between total renal blood flow and
body surface area (P < 0.01) when all subjects were evaluated,
although this correlation for female and male subjects separately
did not reach significance (Fig. 4). Also, a significant correlation
was found between total renal blood flow and total kidney vol-
ume (P < 0.001) for all subjects and for male subjects but not
for female subjects (Fig. 5). Global perfusion as measured from
total kidney volume–corrected PC-MRI total renal blood flow
showed significant circadian fluctuations when looking at all
subjects but not for female and male subjects independently

R2*
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ASL
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ml/
min/
100g

s-1

High

Low

T2

ASL R2*

Fig. 1. A: representative T2-weighted (ana-
tomic information), regional renal perfusion
[arterial spin labeling (ASL)], and transverse
relaxation rate [R2*; blood oxygen level de-
pendent (BOLD)] oxygenation images. B:
typical positioning of the regions of interest in
cortex (red) and outer (yellow) and inner
(green) medulla.

Table 2. Mean regional renal blood flow and mean regional
renal oxygenation in cortex and outer and inner medulla for
all, female, and male study subjects over the 24-h period

Cortex

(n = 16)

Outer Medulla

(n = 16)

Inner Medulla

(n = 16)

Mean regional renal blood
flow, mL·100 g!1·min!1

All subjects 311 ± 58 84 ± 9* 34 ± 7*†
Female subjects 322 ± 57 82 ± 9* 33 ± 7*†
Male subjects 301 ± 59 86 ± 9* 36 ± 7*†

Mean regional renal
oxygenation, s!1

All subjects 16.5 ± 0.8 25.4 ± 0.8* 34.1 ± 1.6*†
Female subjects 16.3 ± 0.6 25.0 ± 0.6* 33.6 ± 1.4*†
Male subjects 16.7 ± 0.9 25.9 ± 0.7*‡ 34.5 ± 1.8*†

Data are presented as means ± SD. *P < 0.001 vs. the cortex; †P < 0.001
vs. the outer medulla; ‡P < 0.01 vs. female subjects.
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(Fig. 6). No significant difference regarding global perfusion was
found between the sexes. Average cortical, outer medullary, and
inner medullary R2* was 16.5±0.8, 25.4±0.8, and 34.1±1.7 s

!1

(mean over 24 h, all subjects). No significant variations in cortical
or outer or inner medulla R2* were found over the 24-h period for
all, female, or male study subjects (Fig. 7).

Mean values of urine biomarkers are shown in Table 3. Urine
flow revealed no significant difference between the sexes but
significant circadian variations for all and male subjects, but not
for female subjects, with highest values during the afternoon
and values dropping during the night hours (Fig. 8). Creatinine
clearance demonstrated no significant difference between the
sexes but significant circadian variations for all and male sub-
jects but not for female subjects, with maximum values during
the evening hours and values dropping during the night (Fig. 9).
Urine urea excretion showed a significant difference between
the sexes and a significant circadian pattern with rising values
during the day and evening hours and lower values during the
night and early morning for all and male subjects but not for
female subjects (Fig. 10). Na+ excretion also showed significant
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Fig. 2. Circadian variation in total renal blood flow. Data are shown as
means ±SD of all (A), female (B), and male (C) study subjects.
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Fig. 3. Circadian variation in regional renal perfusion in the cortex, outer me-
dulla, and inner medulla summed across the right and left kidney. Data are
shown as means ±SD of all (A), female (B), and male (C) study subjects.
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The Netherlands). Before each trial, brachial artery blood pressure
was measured by an automated sphygmomanometer (Dinamap, Gen-
eral Electric, Waukesha, WI).

Venous occlusion plethysmography was used to measure forearm
blood flow. A Hokanson EC-4 system (Bellevue, WA) with mercury-
in-silastic strain gauges was used. A strain gauge was positioned
around the maximal circumference of the left forearm. A wrist cuff
was inflated to 220 mmHg to arrest circulation to the hand. Forearm
blood flow was recorded every 15 s during the trials. During blood
flow measurements, a venous collecting cuff was inflated proximal to
the elbow to a pressure of 50 mmHg. Forearm vascular conductance
(FVC) was calculated by dividing forearm blood flow by MAP.

Doppler ultrasound (HDI 5000, ATL Ultrasound, Bothell, WA)
was used to measure RBFV. The renal artery was scanned by the
anterior abdominal approach with a curved-array transducer (2–5
MHz) with a 2.5-MHz pulsed Doppler frequency. The probe in-
sonation angle to the artery was !60°. The focal zone was set at the
depth of the artery. The transducer was held in the same place to
record velocity tracings during each trial, and the data were obtained
in the same phase of the respiratory cycle. Continuous measurements
of RBFV were taken during each trial. Renal vascular conductance
(RVC) was calculated by dividing RBFV by MAP.

Transcranial Doppler was used to measure cerebral blood flow. A
500 M Transcranial Doppler System (Multigon Industries, Yonkers,
NY) with a 2-MHz pulsed-wave probe was used. The probe was
centered over the middle cerebral artery using the transtemporal

position. Cerebral blood flow was expressed as mean blood velocity
(in cm/s). Cerebrovascular conductance was calculated by dividing
mean blood velocity by MAP.

Data Analysis Statistical analyses of the data for study 1 were
performed by paired t-test. Data from study 2 were analyzed using a
one-way ANOVA (baseline, melatonin, and phentolamine). Simple
effects tests were performed to compare time points if the one-way
ANOVA was significant. Significance was set at P ! 0.05. All data
are presented as means " SE.

RESULTS

Study 1

MAP and heart rate were not different between the two trials
(Table 1). Vascular blood flow responses after placebo and
melatonin ingestion are presented in Fig. 1. RBFV and RVC
were significantly decreased by melatonin compared with
placebo (# $4.9 " 2.2 cm/s and # $0.06 " 0.02
cm·s$1·mmHg$1, respectively). Forearm blood flow and FVC
were significantly increased by melatonin compared with pla-
cebo (# 0.4 " 0.2 ml·100 ml$1·min$1 and # 0.006 " 0.002
arbitrary units, respectively). Cerebral blood flow and cerebro-
vascular conductance were not significantly different between
placebo and melatonin trials (# 0 " 4 cm/s and # 0 " 0.04
cm·s$1·mmHg$1, respectively).

Time control. Heart rate and MAP were not different be-
tween time control trials (heart rate, 70 " 4 vs. 68 " 3
beats/min; and MAP, 87 " 2 vs. 86 " 2 mmHg). Renal,
forearm, and cerebral blood flows and vascular conductances
were not different between time control trials. The differences
between trials for renal, forearm, and cerebral conductance
were as follows: RVC, # $0.03 " 0.06 cm·s$1·mmHg$1;

Table 1. Hemodynamic values for study 1

Placebo Melatonin

Mean arterial pressure, mmHg 84 " 1 85 " 2
Heart rate, beats/min 63 " 3 60 " 3

Values are means " SE. Hemodynamic values for placebo and melatonin
trials are shown.

Fig. 1. Vascular blood flow responses after melatonin and placebo ingestion. Melatonin (3 mg) significantly decreased renal blood flow velocity (RBFV) and
renal vascular conductance (RVC), significantly increased forearm blood flow (FBF) and forearm vascular conductance (FVC), and did not alter cerebral blood
flow velocity (MCA-BV) and cerebrovascular conductance (MCA-VC). Values are means " SE. *P ! 0.05, significantly different from placebo.

H671MELATONIN AND VASCULAR BLOOD FLOW

AJP-Heart Circ Physiol • VOL 300 • FEBRUARY 2011 • www.ajpheart.org
Downloaded from journals.physiology.org/journal/ajpheart (093.005.173.006) on June 6, 2023.

Vascular blood flow responses after melatonin and placebo ingestion.Melatonin (3 mg) significantly decreased renal blood flow velocity (RBFV) 
and (FBF)  renal vascular conductance (RVC), significantly increased forearm blood flow  and forearm vascular conductance (FVC), and did not 
alter cerebral blood flow velocity (MCA-BV) and cerebrovascular conductance (MCA-VC). Values are means  SE. *P  0.05, significantly 
different from placebo. 
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Study Objectives: Little information is available regarding the effect of sleep on the development of chronic kidney disease (CKD). This large-cohort study 
aimed to investigate the association between sleep and the incidence of CKD.
Methods: We recruited 194,039 participants without CKD aged 20 years or older between 1996 and 2014. Incident CKD was defined as an estimated 
glomerular filtration rate of < 60 mL/min/1.73 m2. Information about sleep duration and quality was obtained from a questionnaire and used to generate a 
score reflecting the sleep profile. Cox proportional hazards regression models were used to calculate the hazard ratio (HR) and 95% confidence interval (CI) 
for CKD associations with sleep duration, quality, and score categories.
Results: Regarding sleep duration, participants who slept for fewer than 4 hours (HR 1.45, 95% CI 1.22–1.71), 4 to 6 hours (1.07, 1.02–1.14), or more than 
8 hours (1.12, 1.04–1.21) had an increased risk of incident CKD, compared to those who slept 6 to 8 hours. Regarding sleep quality, participants who fell 
asleep but awoke easily (1.13, 1.07–1.19), had difficulty falling asleep (1.14, 1.06–1.22), or used sleeping pills or sedatives (1.14, 1.20–1.66) had a higher risk of 
incident CKD, compared to those who slept well. Furthermore, participants with sleep scores of 4 to 6 (1.07, 1.02–1.13) and less than 4 (1.61, 1.37–1.89) had 
an increased risk of incident CKD, compared to those with a sleep score higher than 6.
Conclusions: A poor sleep profile is associated with increased risk of CKD development. Therefore, sleep duration and quality should be considered when 
developing strategies to improve sleep and thus prevent CKD.
Commentary: A commentary on this article appears in this issue on page 371.
Keywords: chronic kidney disease, eGFR, estimated glomerular filtration rate, sleep
Citation: Bo Y, Yeoh EK, Guo C, Zhang Z, Tam T, Chan TC, Chang LY, Lao XQ. Sleep and the risk of chronic kidney disease: a cohort study. J Clin Sleep 
Med. 2019;15(3):393–400.

INTRODUCTION

Chronic kidney disease (CKD), which is defined as the loss 
of kidney structure and function,1 is a global public health 
issue. The Global Disease Burden study of 2015 estimated 
that CKD-associated deaths increased by 31.7%, from 0.9 to 
1.2 million, between 2005 and 2015. In that study, CKD was 
ranked as the 17th leading cause of death worldwide.2 The 
burden of CKD includes not only costly renal replacement 
therapy, but also a poor quality of life, cardiovascular events 
and mortality, and all-cause mortality, resulting in signifi-
cant social and economic burdens.3–5

Sleep is a basic human physiologic process, and health re-
quires a sufficient amount and quality of sleep. Sleep has been 
reported to be associated with cardiovascular risks, including 
obesity, hypertension, and diabetes, which are also known 
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risk factors for CKD.6–9 However, the underlying mechanisms 
for the association between sleep and incident CKD remain 
unknown. Sleep disorders might contribute directly to CKD 
development through activation of the sympathetic nervous 
system10,11 and/or indirectly through increased inflammation, 
which can lead to glomerular endothelial injury.12

Previous cross-sectional studies have investigated the 
relationship between sleep and the prevalence of CKD.13–16 
However, few large-cohort studies have investigated the 
effects of sleep on CKD development. Moreover, although 
both sleep duration and quality are important factors related 
to CKD, most previous studies have focused on only one as-
pect. We therefore conducted a longitudinal cohort study to 
investigate the association between the sleep profile (includ-
ing duration and quality) and the development of CKD in a 
population of 194,039 adults in Taiwan.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Increasing evidence suggests that a short sleep duration and poor sleep quality are associated with an 
increased risk of chronic kidney disease. However, information about the joint effects of sleep quality and duration on chronic kidney disease is limited.
Study Impact: Our study found an association of poor sleep with an increased risk of chronic kidney disease development. This finding underscores 
the need to consider sleep duration and sleep quality when developing strategies to improve sleep and thus prevent chronic kidney disease.
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METHODS

Study Population
The participants were selected from a large prospective Tai-
wanese cohort, as described in previous publications.7,17–19 
Briefly, more than 500,000 Taiwanese residents participated 
in a standard medical examination program conducted by the 
MJ Health Management Institution (Taipei, Taiwan) from 1996 
to 2014. During each visit, participants underwent a series of 
medical examinations, including a general physical examina-
tion, blood and urine analyses, and a standard self-adminis-
tered questionnaire survey. For each participant, the estimated 
glomerular filtration rate (eGFR) was calculated using the 
equation reported by the Modification of Diet in Renal Disease 
(MDRD) Study.20

Figure 1 depicts the participant selection process. A total 
of 570,519 participants aged 20 years or older with available 
eGFR measurements were included between 1996 to 2014. Of 
these, 83,875 participants were excluded because of incomplete 
data (38,746 with missing data on sleep duration or quality and 
45,129 with incomplete anthropometric measurement data). Of 
the remaining 486,644 participants, 28,823 were excluded for 
the following reasons: eGFR ≥ 200 mL/min/1.73 m2 or ≤ 2 mL/
min/1.73 m2, as these values suggest incorrect measurements 
due to technical error (n = 49); CKD (defined as an eGFR ≤ 60 
mL/min/1.73 m2)21 or self-reported physician-diagnosed kid-
ney disease at the initial visit (27,465); or proteinuria (urine 
protein ≥ 2.0 g/L), an important symptom of CKD, at their 
first visit (n = 1,309). Additionally, 263,782 participants were 

excluded because they participated in only one medical visit. 
Finally, 194,039 participants with 723,481 eGFR measure-
ments were included in the analysis.

All participants provided written informed consent to au-
thorize the use of data generated from the medical examina-
tion prior to joining the medical screening program. Personal 
identifying information was removed, and the data remained 
anonymous when released for research purposes. The Joint 
Chinese University of Hong Kong-New Territories East Clus-
ter Clinical Research Ethics Committee approved this study.

Sleep Profile Assessment
Slightly different questionnaires were used to collect informa-
tion about sleep duration before 2009 and since 2009. Before 
2009, the question “How many hours do you usually sleep 
each day?” was included. In 2009, this question was replaced 
with the question “How many hours do you usually sleep each 
night?” For both questions, the following four response op-
tions were provided: < 4, 4–6, 6–8, and > 8 hours. As a result, 
all participants were divided into four groups for analysis: < 4 
hours, 4–6, 6–8, and > 8 h/d (Table S1 in the supplemental 
material).

Throughout the study period (1996–2014), information on 
sleep quality, including sleep latency, sleep disturbances, use 
of sleeping pills or sedative, and dreaming while sleeping was 
collected using the same question. Specifically, participants 
were asked “How did you evaluate your sleep situation last 
month?” and were asked to respond with one of the follow-
ing five options: difficulty falling asleep, used sleeping pills or 

A total of 590,976 participants from 
the original dataset in 1996–2014

570,519 adults with eGFR 
measurements

486,644 participants with complete 
information

457,821 participants without CKD 
at baseline

194,039 participants without CKD 
at baseline

83,875 participants with incomplete information 
were excluded:

• 38,746 with missing data on sleep duration 
or quality

• 45,129 with incomplete data on 
anthropometric measurement data

Figure 1—Flowchart of participant selection.

CKD = chronic kidney disease, eGFR = estimated glomerular filtration rate.

28,823 participants were excluded:
• 49 with eGFR ≥ 200 mL/min/1.73 m2 

or ≤ 2 mL/min/1.73 m2

• 27,465 with CKD or self-reported physician-
diagnosed kidney disease at baseline

• 1,309 with proteinuria ≥ 2.0 g/L at baseline

263,782 participants who received only one 
medial visit were excluded

Impact of sleep disturbances on kidney function decline in the elderly.  Eur Respir J 2016; 47: 860–868 

La durée du sommeil et/ou le sommeil de mauvaise qualité est 
associé au risque de survenue d’une IRC: 
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fibrosis.29 Although research has not
fully elucidated the exact mechanisms
of protein-induced glomerular hyperfil-
tration, it is thought to occur as an
evolutionary feedback mechanism facil-
itating the excretion of increased
amounts of protein-derived nitrogenous
waste. Other factors proposed as under-
lying mechanisms to facilitate the in-
creased excretion of nitrogenous waste
include changes in endocrine mediators
(e.g., glucagon and IGF-1), leading to va-
sodilation, and changes in neurohor-
monal responses (i.e., tubuloglomerular
feedback) within the kidney.30

Although some instances of short-
term glomerular hyperfiltration, such
as that which occurs during pregnancy,
may not be associated with a decrease in
kidney function, it is possible that pro-
longed, recurrent glomerular hyperfil-
tration induced by consumption of a
high-protein diet may lead to kidney
damage through multiple pathways
over time (Figure 1).31 Experimental
data demonstrated that, in a rat model,
incrementally higher levels of protein in-
take (i.e., 20%, 30%, and 45% of total
energy content) caused an increase in
proinflammatory gene expression in a
dose-dependent manner,32 and that, in
pig models, long-term exposure to a
high-protein diet (i.e., 35% of energy in-
take) led to 55% greater renal fibrosis
and 30% greater glomerulosclerosis.33

HARMFUL METABOLIC
CONSEQUENCES OF
HIGH-PROTEIN DIETS

In addition to having potential implica-
tions of kidney function and structure,
high-protein diets may also lead to other
metabolic complications.

High dietary intake of protein may
lead to higher levels of urea and other
nitrogenous waste products. Indeed,
several studies have shown that high ver-
sus standard dietary protein intake is as-
sociated with higher BUN concentra-
tions.16,34 For example, in a crossover
study of 24 healthy young menwho con-
sumed a diet with a high level of protein
(2.4 g/kg per day) or a diet with a normal
level of protein (1.2 g/kg per day) over a
7-day period for each diet (total 14 days),
BUN concentrations were significantly
higher during the period of higher pro-
tein intake than during the period of
normal protein intake.34 Conversely,
other studies have shown a proportional
reduction in urea generation with die-
tary protein restriction.35 One theory
holds that high circulating BUN levels,
by enhancing protein carbamylation and
generating reactive oxygen species, lead
to increased oxidative stress, inflamma-
tion, endothelial dysfunction, and car-
diovascular disease.30

A diet with high protein intake might
also lead to metabolic acidosis among

patients with advanced CKD who have
impaired acid excretion and generation
of bicarbonate, particularly in the con-
text of protein sourced from animal-
based foods. Furthermore, dietary acid
might also be a risk factor for CKD
through intrarenal mechanisms pro-
moting kidney injury and progressive
GFR decline.36 In an animal model of
CKD, chronic metabolic acidosis can
stimulate the production of angiotensin
II, aldosterone, and endothelin-1, as well
as ammoniagenesis, all of which can pro-
mote inflammation and fibrosis.36 The
standard American diet, in which pro-
tein comprises approximately 15% of
energy, is estimated to produce a dietary
acid load of approximately 1 mEq/kg per
day, the bulk of which is derived from
animal sources such as meats, eggs, and
cheeses.37

In contrast, by including a higher
proportion of foods with natural alkali,
such as fruits and vegetables, a vegan diet
is nearly acid neutral. Plant-based foods
can be used to reduce both the dietary
acid load and the severity of metabolic
acidosis.38 Similarly, a low protein intake
in patients with advanced nondialysis
CKD has also been shown to attenuate
the severity of metabolic acidosis.
NHANES III data have shown that,
among 1486 adult participants with
CKD, higher dietary acid load ascer-
tained by 24-hour dietary recall was
strongly associated with development
of ESKD over a median follow-up of
14.2 years.39 Compared with partici-
pants whose dietary acid consumption
was in the lowest tertile, those with di-
etary acid consumption in the highest
tertile had triple the risk of incident
ESKD, even after accounting for differ-
ences in sociodemographics, nutritional
factors, clinical factors, baseline eGFR,
proteinuria, and serum bicarbonate
levels.39

Dietary protein intake, which is also
strongly correlated with phosphorus in-
take,40 may account for 84% of the var-
iance in dietary phosphorus intake.41

Hyperphosphatemia is a critical factor
for morbidity or mortality in patients
with CKD.42 Several large epidemiologic
studies have found higher phosphorus

Figure 1. High dietary protein intake leads to the dilation of the afferent arteriole and
increasedGFR, whichmay lead to damage to kidney structures over time due to glomerular
hyperfiltration.
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about kidney health due to the strong
focus on a low-carbohydrate diet as recom-
mended in diabetes guidelines, and the
usually higher dietary protein intake that
accompanies such a diet (8). In addition,
the recommended protein intake in
patients with chronic diseases amounts
to 1.2 g/kg/day (23), and our results
indicate that unrestricted dietary intake
of protein is not associated with an
increased hazard of renal function dete-
rioration, suggesting that this recom-
mendation suits patients with T2D not
treated with renal replacement therapy
to prevent renal function deterioration.
A protein restriction in patients with

CKD is based on a trade-off between the
need to prevent renal function deterio-
ration on the one hand and the need to
maintain adequate nutritional status and
prevent malnutrition on the other. A
low-protein intake increases the risk of
protein malnutrition, which may result
in low muscle mass and mortality (24,
25). Previous findings from DIALECT
showed that patients with a low-
protein intake also have a low muscle
mass and are less physically active
(26). It is plausible that this cluster of
characteristics represents less healthy
patients who are at higher risk of renal

function deterioration. Therefore, although
consuming dietary protein might play an
important role, it is likely not a single
cause. In addition, our results did not indi-
cate a nonlinear association between die-
tary protein intake and renal function
deterioration (Pnonlinear = 0.26). Therefore,
we were able to conclude that a higher
dietary protein intake (>163 g/day) is
associated with preservation of renal func-
tion, although the beneficial effect of
higher dietary protein intake was not
found when using dietary protein intake
in g/kg/day.

Compared with other European dia-
betes populations, mean dietary protein
intake in our study population was
more or less similar (91.0 vs. 94.2 g/
day) (27). However, compared with the
general Dutch population, dietary pro-
tein intake was somewhat higher in our
study population (99 vs. 95 g/day in
men, 79 vs. 72 g/day in women) (28).
This might reflect diet adaptations
related to diabetes, emphasizing restric-
tion of calories and carbohydrates. Of
note, it is unlikely that patients in the
cohort have previously received dietary
counseling aimed at protein restriction
because dietary counseling regarding
CKD is limited to the predialysis clinic

(i.e., patients with eGFR <30 mL/min/
1.73 m2). Since only 3% of the DIALECT
participants had eGFR <30 mL/min/
1.73 m2, we are not able to draw con-
clusions on the risks or benefits of die-
tary protein content in CKD stage IV.

A low dietary protein intake may lead
to vasoconstriction of the afferent arte-
rioles in the glomeruli, which has been
observed to diminish glomerular dam-
age (8). A high dietary protein intake
may result in an increased glomerular
pressure and glomerular hyperfiltration,
which may lead to proteinuria (29). We
found that patients with proteinuria
have a higher dietary protein intake
than those without (95 vs. 85 g/day),
and prevalent proteinuria was indepen-
dently associated with an increased haz-
ard for renal function deterioration.
Nevertheless, we found that the benefi-
cial association between dietary protein
intake and renal function deterioration
was most clearly present in patients with
proteinuria (Table 2). Previous literature
also irrefutably showed that poor blood
pressure management is associated with
unfavorable renal outcomes (30). Some-
what unexpectedly, no evidence of this
association was found in our population
possibly because there is a strong clinical

Figure 1—A: Association between dietary protein intake (g/day) and the hazard of renal function deterioration. HRs for different levels of dietary
protein intake were established by comparing the hazard of renal function deterioration for a hypothetical male patient of median age (65 years)
with median eGFR (84 mL/min/1.73 m2) and prevalent proteinuria ($150 mg/24 h) with the hazard of renal function deterioration for a hypotheti-
cal patient who had the mean value for every covariate (including sex and prevalent proteinuria). The HR is shown as a solid line, and the associ-
ated pointwise 95% CIs are represented by the shaded area. The null effect (HR 1) is shown by the orange dashed line. The red and green dashed
lines represent the dietary protein intakes at which there was a significantly increased and reduced hazard of renal function deterioration, respec-
tively. B: Expected cumulative incidence of renal function deterioration for two hypothetical 65-year-old male patients with prevalent proteinuria
and a median eGFR of 84 mL/min/1.73 m2 and dietary protein intakes of 75 g/day and 180 g/day.
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focus on a lower blood pressure target in
patients with proteinuria. In line with this
notion, the percentage of patients using
antihypertensive treatments is high in our
population (73%).

The strength of the DIALECT cohort is
that it reflects the real world of patients
with T2D, with minimal loss to follow-up,
and it was specifically designed to evalu-
ate lifestyle characteristics such as dietary
habits. Our study population appears to
be a representative T2D population since
renal function impairment was present in
22% of the patients compared with a
prevalence rate of 20–40% in other T2D
populations (3,4). In addition, we were
able to assess dietary protein intake
objectively, which is more reliable than

subjective dietary protein assessment.
Another strength is that we were able to
adjust for baseline kidney function on the
basis of cystatin C–based eGFR, which is
independent of muscle mass, although
follow-up data on cystatin C–based renal
function were not available. Obviously,
our observational design limits us in
determining causation, and we were not
able to check whether our results are
mainly the result of dietary protein
intake. Also, 24-h urine specimens might
have been collected with error. Finally,
protein intake was assessed at baseline
only, and we did not monitor whether
patients had changed their dietary
protein intake during the follow-up
period.

With regard to the potential impact on
population health, substituting carbohy-
drates with dietary protein seems a ratio-
nal approach in T2D management, which
may have a positive effect on body
weight while minimizing loss of muscle
mass (31). A specific note is that dietary
recommendations should take into
account individual nutritional needs.
Patients with T2D and CKD often
have multiple comorbid diseases, which
requires more complex dietary recom-
mendations. In addition, to conform a
sustained effect of dietary protein intake
over the long term, assessment of dietary
compliance will be a challenging aspect.
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Table 2—Multivariable HRs for the association between dietary protein intake
and renal function deterioration in patients with T2D included in the DIALECT
population

HR 95% CI P

Dietary protein intake (g/kg/day) 0.67 0.48–0.94 0.017

Age (years) 1.16 0.82–1.64 0.40

Sex (female) 0.98 0.56–1.72 0.95

eGFR (mL/min/1.73 m2) 0.83 0.60–1.14 0.24

Prevalent proteinuria (yes) 2.16 1.16–4.03 0.015

The multivariable model was adjusted for age, sex, baseline eGFR, and prevalent protein-
uria at baseline (>150 mg/24 h). Continuous variables were expressed per incremental SD.

Figure 2—Association between dietary protein intake (g/kg/day) and the hazard of renal func-
tion deterioration. HRs for different levels of dietary protein intake were established by com-
paring the hazard of renal function deterioration for a hypothetical male patient of median age
(65 years) with median eGFR (84 mL/min/1.73 m2) and prevalent proteinuria ($150 mg/24 h)
with the hazard of renal function deterioration for a hypothetical patient who had the mean
value for every covariate (including sex and prevalent proteinuria). The HR is shown by the
solid line and the associated pointwise 95% CIs are represented by the shaded area. The null
effect (HR 1) is shown by the orange dashed line. The red dashed lines represent the dietary
protein intakes at which there was a significantly increased hazard of renal function
deterioration.
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from 1993 to 1998. Mean follow-up of 15.5 years 

and 4 intakes were 0.98 (95% CI, 0.77 to 1.24), 1.36 (95% CI,
1.08 to 1.72), and 1.42 (95% CI, 0.13 to 1.80), respectively
(Ptrend=0.003), in the overall adjusted model.

Exploring the effect of food replacement, we observed that
substituting one serving of red meat with either one serving of
poultry, fish, eggs, or soy and legumes resulted in a significant
decline of ESRD risk. Figure 2 shows the percentage change in
ESRD risk associated with the various food substitutions.
Substituting one daily serving of red meat with poultry resul-
ted in the highest reduction of ESRD risk of 62.4% (95% CI,
33.1 to 78.9; P,0.01). Substituting one daily serving of red
meat with fish was associated with 48.6% lower risk of ESRD
risk (95% CI, 21.4 to 66.5; P,0.01), whereas replacing one
daily serving of redmeat with soy and legumes or eggs resulted
in 50.4% (95% CI, 31.3 to 64.2; P,0.01) and 44.9% (95% CI,
13.9 to 64.7; P,0.01) reduction in ESRD risk, respectively.
Similar reductions in ESRD risk were observed when we re-
placed 100 g servings of red meat with 100 g of poultry, fish,
eggs, or soy and legumes (results not shown).

DISCUSSION

Our study found that among the different food sources of
protein examined, red meat intake was strongly associated with
an increased risk of ESRD in a dose-dependent manner. No
association was found with intakes of poultry, fish, eggs, or
dairy products, whereas soy and legumes appeared to be slightly
protective. Substituting one serving of red meat with other
sources of protein significantly reduced the risk of ESRD.

Our finding of a strong positive relationship between red
meat intake and ESRD incidence is largely consistent with the
results of studies in other populations that have examined the
effect of animal protein or nondairy meat protein. In an
ecological study from Japan, there was a positive correlation
between annual ESRD incidence and animal protein intake by
geographical regions.17 The Nurses’ Health Study in the
United States found that women with a mostly Western-style
diet, which consisted of a higher intake of red and processed

meats, saturated fats, and sweets, had a higher risk of decline in
eGFR rate than the women who kept to a mostly Dietary Ap-
proaches to Stop Hypertension (DASH)-style diet, which con-
sisted of a higher intake of vegetables, fruits, and whole
grains.20 A dietary pattern consisting mostly of processed
and fried foods, organ meats, and sweets, also known as the
Southern-style diet, has also been found to be associated with
an increased risk of mortality in patients with CKD.21

The decreased risk of CKD incidence or progression and
death with a healthier dietary pattern was also observed by
Dunkler et al. who studied participants from the Ongoing
Telmisartan Alone and in Combination with Ramipril Global
Endpoint Trial (ONTARGET). They found that subjects who
consumed a “high intake of healthy foods, such as vegetables,
and lower intake of unhealthy foods, such as fried foods” had
lower risks of developing CKD. However, they also found
that a higher intake of meat decreased CKD incidence or pro-
gression, which contrasts with the results of our study.22 We
noted that ONTARGET involved a high risk population,
which consisted entirely of subjects with diabetes, for a com-
paratively short period of time of 5.5 years. In contrast, only
about 10% of our study subjects had diabetes at recruitment,
and our study subjects were studied for a median of 15.5 years.
Interestingly, whereas increased intake of animal-sourced pro-
teinwas associated with increased intake of plant-sourced pro-
tein in the ONTARGET trial, participants who ate more meat
in our study were found to eat less soy, fruits, and vegetables.
Hence, these differences may explain the discrepancy between
the findings of the ONTARGET trial and our study. In our
study, the positive relationship between red meat and ESRD
risk was present in those with or without existing comorbid-
ities that strongly correlated with CKD, suggesting the pro-
pensity of meat to worsen CKD progression in those with
underlying comorbidity risk factors as well as to cause CKD
de novo in apparently healthy individuals without known risk
factors for CKD.

We also found that the substitution of one serving of red
meat per day with a serving of other sources of protein may
reduce the risk of ESRD. Poultry, fish, eggs, soy, and legumes
were all protective relative to red meat. High dietary acid load
has been shown to be associatedwith higher incidence of ESRD
in the general population in the United States.23 Conversely,
plant-based proteins (e.g., soy and legumes) and fruits and
vegetables have a high basal load.24 Therapy with alkali has
been shown to slow the progression to ESRD in randomized
controlled trials.25 Published data have shown that red meat
generally yields greater acid production than other animal-
sourced protein, although the difference is not that dra-
matic.26 Hence, a plausible explanation could be that red
meat may produce endogenously more acid that other pro-
tein-rich food, and the differential ability to induce endoge-
nous acid and base offers one explanation for the observed
association between red mean and ESRD risk in our study
population. Other explanations include the roles of nitrites,
nitrates, heme iron, advanced glycation endproducts (AGEs),

Figure 1. Kaplan–Meier survival curves show probability of
ESRD-free survival according to the quartile (Q) intake of red
meat. Log-rank P value for difference in survival was ,0.001.
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Kaplan–Meier survival curves show probability of ESRD-free survival 
according to the quartile (Q) intake of red meat.

The limitations of our study are those related to the nature
of an observation study, the use of self-report, and one-time
assessment of diet, which could lead to misclassification bias
due to measurement error. However, given the prospective
design, the potential misclassification error is unlikely to be
different between ESRD cases and noncase participants.
Hence, such nondifferential misclassification with respect to
disease status could likely result in an underestimation of risk.
Although we performed multivariate Cox regression analysis
with a comprehensive adjustment for known lifestyle and
comorbidity risk factors for ESRDandall other food sources of
protein, we cannot completely rule out residual confounding
due to unmeasured potential confounders. As reported pre-
viously, redmeat intake in this population consistedmainly of
pork (97%).29 Thus, generalizability to other common sour-
ces of red meat including beef and lamb needs further evalu-
ation. We also did not collect any biomarkers as part of this
study and were not able to measure the progression of kidney
disease, if any, over time. Information on CKD deaths that
were not due to ESRD may not be comprehensive as many
laboratories in Singapore still do not routinely report eGFR,
and therefore earlier stages of CKD as an underlying diagnosis
of death may be under-reported. However, the data on our
primary outcome of incident ESRD, including deaths from
ESRD, were comprehensive. Finally, given the observational
nature of the study, any inference on causality should bemade
with caution.

In summary, protein intake from red meat is positively
associated with increased ESRD risk. Substituting red meat
with other food sources of protein may reduce the risk of
developing ESRD, especially in high-risk populations. Future
studies arewarranted to confirmourfindings and to investigate
the underlying mechanisms as to how the acid load or other
compounds present in redmeatmay aggravate the progression
of CKD.

CONCISE METHODS

Study Population
As described previously, the Singapore Chinese Health Study is a
population-based cohort of 63,257 Chinese adults, aged 45–74 years
during recruitment from April 1993 to December 1998.30 The study
recruited participants who resided in government housing estates,
facilities in which 86% of Singaporeans resided during the recruit-
ment period. We also restricted the participants to those belonging to
the two major dialect groups, Hokkien and Cantonese, who origi-
nated from the contiguous provinces of Fujian and Guangdong in the
southern part of China. At recruitment, after obtaining informed
consent, trained interviewers conducted face-to-face interviews in
participants’ homes using a structured, scanner-readable question-
naire that ascertained information on demographics, height, weight,
tobacco use, physical activity, and medical history. Habitual diet in
the preceding year was captured using a validated 165-item food
frequency questionnaire.30

The present study was approved by the Institutional Review Board
of theNationalUniversityof Singapore.All participants gave informed
consent.

Assessment of Diet and Covariates
The semiquantitative food frequency questionnaire included 165
commonly consumed food items in this population which were
categorized into rice and noodle, meats (pork/beef/mutton, poultry,
fish, and shellfish), vegetables, fruits, soy foods, legumes, dairy
products, beverages, condiments, and preserved foods. The partic-
ipants were instructed to select from eight frequency categories
(ranging from “never or hardly ever” to “two or more times a day”)
and three portion sizes (small, medium, large) with the aid of pho-
tographs. As previously described, the dietary nutrients of the food
items were derived from the Singapore Food Composition Database,
which was developed together with this cohort study and is a food-
nutrient database that lists the levels of 96 nutritive/non-nutritive
compounds per 100 g of cooked food and beverages in the Singaporean
Chinese diet.30

The food frequency questionnaire was subsequently validated
using two 24-hour recalls and readministration of the food frequency
questionnaire among 810 cohort participants. The correlation co-
efficient by these two methods for each dietary component ranged
between 0.24 and 0.79, and the differences between mean values of
most pairs for energy and nutrients were within 10% of each other’s
values.30

Incident ESRD Cases and CKD Mortality Cases
ESRD cases were identified by linking the cohort database with the
population-based Singapore Renal Registry. The Singapore Renal
Registry has been shown to be comprehensive in its recording of ESRD
cases since 1999.31 Multiple sources are used to identify ESRD cases,
and these include laboratory records, hospital records, and listings of
patients on dialysis. Since 2011 notifications of ESRD have beenmade
compulsory under the National Registry of Diseases Act. Consistent
with other international guidelines, the registry defines ESRD as
meeting at least one of the following criteria: (1) serum creatinine

Figure 2. Substituting one serving of red meat with one serving of
poultry, fish, eggs, or soy and legumes resulted in significant
percent reduction in relative risk of ESRD; all P,0.01.
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A significantly lower risk of CKD 
was found for low-fat dairy intake, 
with a HR of 0.75 (95% CI, 0.65; 
0.85) for high versus low intake. 

FR et comportement:     6- Et les produits laitiers?
Diet and Kidney Function: a Literature 
Review 
• 21 publications avec 3-4 ans de suivi

Non-fermented vegetables were inversely related to CKD risk,
with a HR of 0.86 (95% CI, 0.76; 0.98) for high versus low
intake (Fig. 1) [29••]. For fermented vegetables, an inverse but
non-significant association was found (Fig. 1) [29••]. In the
abovementioned TLGS, nitrate-containing vegetable intake
ranged from 146 to 428 g per day [30]. No significant associ-
ation with CKD risk was found after 3 years of follow-up
(Fig. 1) [30].

Legumes and Nuts

In the ARIC study with 23 years of follow-up, legume intake
ranged from 0.07 to 0.68 servings per day and nut intake
ranged from 0.03 to 0.86 servings per day [25••]. Both le-
gumes and nuts were significantly associated with lower risks
of CKD, with HRs of 0.83 (95% CI, 0.72; 0.95) and 0.81
(95% CI, 0.72; 0.92) for high versus low intakes, respectively
(Fig. 1) [25••].

Fruits

One study in 9229 South Koreans, followed for 8.2 years,
reported on fruit consumption and incident CKD [29••].
Fruit intake ranged from 143 to 345 g per day and showed
no association with incident CKD (HR of 1.00) (Fig. 1) [29••].

Beverages

Coffee

Three studies examined coffee consumption and incident
CKD (Fig. 2) [31–33]. The Iranian TLGS compared coffee
drinkers (median intake 8.3 ml per day) to non-drinkers [31].
In the ARIC study in the USA [32] and the Korean Genome
and Epidemiology Study in South Korea [33], those drinking
at least 3 cups [32] or at least 2 cups [33] were compared with
non-coffee drinkers. In the Iranian study, a non-significant
direct association between coffee and CKD was found [31],

Foods and incident CKD

RED MEAT
Haring et al. 2017
Mirmiran et al. 2019

PROCESSED (RED) MEAT
Haring et al. 2017, processed meat
Mirmiran et al. 2019, processed red meat 

POULTRY
Haring et al. 2017

FISH
Lee et al. 2012
Haring et al. 2017

DAIRY
Haring et al. 2017, high−fat dairy 
Haring et al. 2017, low−fat dairy

VEGETABLES
Bahadoran et al. 2017, allium vegetables
Jhee et al. 2019, non−fermented vegetables
Jhee et al. 2019, fermented vegetables
Mirmiran et al. 2016, nitrate−containing vegetables

LEGUMES
Haring et al. 2017

NUTS
Haring et al. 2017

FRUITS 
Jhee et al. 2019
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Fig. 1 Forest plot for associations between commonly consumed foods and incident chronic kidney disease
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La saga des sucres 

Figure 1. 
Fructose history: from the isolation of plant-based sucrose to the industrial production of 
55% high-fructose corn syrup, a common sweetener in modern society.
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Fructose : une toxine métabolique?

chemotactic factors such as monocyte che-
moattractant protein-1 by tubular cells
and intercellular adhesion molecule-1 in
renal microvascular endothelial cells.19–22

We also found the administration of fruc-
tose (60% diet) exacerbates proteinuria,
worsens renal function, and accelerates
glomerulosclerosis in the remnant kidney
model; importantly, these abnormalities
are not observed in rats fed an equivalent
glucose-based diet.22 Finally, micropunc-
ture studies documented that fructose in-
take results in glomerular hypertension
and reduced renal blood flow in associa-
tion with the development of preglomeru-
lar vascular disease.23 These findings are
similar to what is observed in hyperurice-
mic rats, and consistent with this hypothe-
sis, we found that lowering uric acid blocks
these hemodynamic effects.23

CONCLUSIONS

There is increasing evidence that exces-
sive intake of fructose may have a myriad
of unfortunate health effects, including
raising BP, inducing the metabolic syn-
drome, causing fatty liver, and possibly
causing or accelerating renal disease
(Figure 2). Given that many physicians
recommend low-protein diets for sub-
jects with chronic kidney disease, which
could translate into a high-carbohydrate,
high-fructose diet, we recommend that

protein restriction should also include
restricting added sugars containing fruc-
tose. We also believe that more clinical
studies are needed to determine the ef-
fect of dietary fructose restriction or of
lowering uric acid in subjects with
chronic kidney disease.
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Figure 2. Effects of fructose in the development of hypertension, fatty liver, diabetes,
and renal disease.
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Ingrédients

Ingrédients : \"Viande de porc 89%, eau, sel, 
correcteur d'acidité: E326, épices et plantes 
aromatiques, arômes naturels, dextrose, 
sirop de glucose, conservateur: 
E262, antioxydants: E301 - E300, boyau 
naturel de mouton. Traces éventuelles de 
LAIT.

ngrédients

Ingrédients : viande porcine 85% (origine 
France), eau, sel, conservateurs : lactate de 
potassium, acétates de sodium, 
dextrose, sucre, épices, plantes 
aromatiques, arômes naturels, 
antioxydant : ascorbate de sodium, colorant : 
carmins.

Jambon de porc, sel, bouillon (eau, 
romarin, épices, sarriette), dextrose, 
arôme naturel, antioxydant : ascorbate de 
sodium, conservateur : nitrite de 
sodium._Traces éventuelles de CELERISucre de canne 
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FIGURE 1 AHEI-2010, DASH, and aMED in relation to risk of ESKD across ordinal categories of increasing BMI (<23, 23 to <25, 25 to <27.5, and
≥27.5 kg/m2) (n = 56,985). HRs were adjusted for age, sex, dialect, education level, year of interview, hours per week of moderate activity, smoking status, total
energy intake, coffee consumption, incense use, sleep duration, alcohol use, physician-diagnosed hypertension, and diabetes. AHEI-2010, Alternate Healthy
Eating Index-2010; aMED, alternate Mediterranean diet; DASH, Dietary Approaches to Stop Hypertension; ESKD, end-stage kidney disease.

Discussion
In this population-based prospective cohort of Chinese

adults, the AHEI-2010, DASH, and aMED dietary patterns
were inversely associated with the risk of ESKD, and the
observed inverse associations between these healthful dietary
patterns and risk of ESKD were more pronounced among

overweight or obese participants than among their leaner
counterparts.

Our findings were consistent with those of previous studies,
that adherence to healthy dietary patterns, namely the AHEI-
2010, DASH, and Mediterranean diet, was associated with a
lower risk of kidney function decline in Western populations.
In the ARIC study that included ∼14,000 participants without

FIGURE 2 Relation between components of DASH and risk of end-stage kidney disease in the Singapore Chinese Health Study (n = 56,985). One serving
of whole grains is 16 g; 1 serving of fruits is 1 medium piece; 1 serving of vegetables is 67 g; 1 serving of nuts is 28 g nuts or 1 tablespoon (16 g) of peanut
butter and 1 serving of legumes is 1 medium-size tofu item; 1 serving of dairy is 250 mL or 1 cup of milk; 1 serving of fish is 90 g; 1 serving of red meat is
either 113.4 g fresh meat or 42.5 g processed meat; 1 serving of SSBs/fruit juice is 1 glass of soda or 1 glass, packet, or typical local portion of fruit juice;
percentage of energy excludes energy provided by alcohol. HRs were adjusted for the confounders in Model 2 and also mutually adjusted for other components
of the DASH score. DASH, Dietary Approaches to Stop Hypertension; SSB, sugar-sweetened beverage.
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-  La fumée de tabac est un aérosol, c’est-à-dire un mélange 
de 90 % de gaz et 10 % de particules. 
-  3 cigarettes fumées en 30 minutes émettent 10 fois plus de 
particules nocives qu’un moteur diesel tournant au ralenti 
pendant le même temps.
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physical activity covariates with rapid kidney function decline
after adjusting for potential confounding variables.34 We chose
covariates as potential confounding factors based on plausibil-
ity that they could confound the association of physical activ-
ity level with kidney function decline, and we investigated groups
of potential confounding factors by constructing nested mul-
tivariate models.

We conducted sensitivity analyses to evaluate whether as-
sociations of physical activity with change in kidney function
change were robust after excluding participants who had preva-
lent cardiovascular disease and those with poor or fair self-
reported health status. We used the likelihood ratio test to evalu-
ate whether associations of physical activity and rapid kidney
function decline differed according to baseline kidney func-
tion, sex, race, diabetes, and body mass index (BMI). We evalu-
ated the continuous slope of eGFR in a secondary analysis. All
P values were 2 tailed (!=.05). All analyses were performed
using STATA software, release 10.1 (StataCorp LP, College Sta-
tion, Texas).

RESULTS

The 1452 participants who were excluded owing to lack
of follow-up kidney function measurements were older
than participants who completed follow-up measure-
ments (75.3 years vs 72.0 years, respectively), had a lower
combined physical activity score (4.4 vs 5.3), a lower like-
lihood of being white (76.2% vs 88.5%), a lower likeli-
hood of being female (51% vs 59%), and a lower base-
line eGFR (69 mL/min/1.73 m2 vs 78 mL/min/1.73 m2).
Of the 1452 participants excluded, 1212 died prior to the
scheduled follow-up kidney measurements (83.5%). The
remainder of analyses pertain to the 4011 included study
participants.

Demographics, comorbid diseases, and laboratory char-
acteristics differed between participants in the highest vs
lowest physical activity groups (Table 1). The highest
physical activity group was characterized by a greater pro-
portion of men and white subjects, a higher education
level, a lower prevalence of cardiovascular diseases, bet-
ter lung function, and leaner body mass. Baseline eGFR
was modestly higher among participants in the highest
physical activity group.

Quintiles of leisure-time physical activity for the en-
tire CHS cohort were defined by cut points of 105.0, 480.0,
1012.5, and greater than 2088.0 kcal/wk. Interpreta-
tions of these values in terms of activity types and dura-
tions are summarized in Table 2.

There were 1663 participants who completed 2
cystatin C measurements and 2348 participants who com-
pleted 3 measurements in a median follow-up time
of 7 years. The mean and median annual declines in
eGFRcystatin C were 1.73 and 1.55 mL/min/1.73 m2, respec-
tively (interquartile range, 0.33-2.96 mL/min/1.73 m2 per
year). There were 958 participants with a rapid decline
in kidney function (23.9%), defined as greater than 3.0
mL/min/1.73 m2 per year loss in eGFRcystatin C (4.1 events
per 100 person-years).

The age-, race-, and sex-adjusted rate of rapid kidney
function decline decreased in graded fashion with greater
physical activity scores (Figure), ranging from 15.8 rapid
decline events per 100 person-years among participants
in the highest physical activity group (physical activity

score of 8) to 30.2 rapid decline events per 100 person-
years among participants in the lowest physical activity
group (physical activity score of 2).

After adjustment for demographics, prevalent cardio-
vascular disease, medication use, smoking, alcohol use,
BMI, blood pressure, and laboratory measurements,
greater physical activity scores were associated with sta-
tistically lower risks of rapid kidney function decline
(Table 3). Further adjustment for subclinical disease
measurements (ankle arm index, lung function, and com-
mon carotid intima-media thickness), impaired fasting
glucose levels, and self-reported health status did not ma-
terially alter these estimates. After full adjustment, the 2
highest physical activity scores combined7,8 were asso-
ciated with an estimated 28% lower adjusted risk of rapid
kidney function decline (95% confidence interval [CI],
21%-41% lower) compared with the 2 lowest physical ac-
tivity scores combined.2,3 Other physical activity and func-
tion measures, including total kilocalories of leisure-
time physical activity, walking pace, and exercise intensity
were also associated with a statistically lower risk of rapid

Table 2. Examples of Physical Activities to Achieve Specific
Leisure-Time Activity Quintilesa

Kilocalories of Leisure-Time
Activity per Week, No. Example Activities

"105.0 Walking 20 min/wk, bowling 30
min/wk, or performing
low-impact aerobics 15 min/wk

105.0-479.9 Walking 10 min/d, bowling 2 h/wk,
or performing low-impact
aerobics 30 min/wk

480.0-1012.4 Walking 20 min/d, playing golf
using a cart 4 h/wk, or swimming
laps 60 min/wk

1012.5-2088.0 Walking 40 min/d, playing golf
walking and pulling clubs 4 h/wk,
or playing tennis, singles or
doubles, 2 h/wk

#2088.0 Walking 90 min/d, playing golf
walking and pulling clubs 8 h/wk,
or swimming laps 3 h/wk

aFor a person of average weight (72 kg [159 lbs]).
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Figure. Rate of rapid kidney function decline (RKFD) by physical activity
score. Data points represent risk estimates; error bars, 95% confidence
intervals.
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reduced eGFR (television watching P< 2E!16, driving
P¼ 1.44E!05), while the exposure of computer use gave non-
significant findings.

When allele scores were regressed against phenotypical obe-
sity, hypertension or diabetes, a higher allele score for physical

activity was significantly associated with a reduced risk of obe-
sity or hypertension and a higher allele score for television
watching was significantly associated with an increased risk of
obesity, hypertension or diabetes (Supplementary data, Table
S5), suggesting a vertical pleiotropic effect. A higher allele score
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FIGURE 1: Study population. MV, moderate-to-vigorous; TV, television.
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FIGURE 2: Main causal estimates from MR analysis. The causal estimates were calculated for CKD and eGFR outcome. As eGFR trait was
log-transformed, the unit was scaled to % change. Two-sample MR analysis was performed with the CKDGen genome-wide association
meta-analysis summary statistics of European ancestry individuals (N¼ 567 460). The main causal estimates shown in the figure are from
fixed-effects IVW method. One-sample MR analysis was performed with the White British UK Biobank participants (N¼ 321 024), and
the allele scores from the exposures were regressed to the kidney function traits. The CKDGen data implemented creatinine-based eGFR
values and the UK Biobank data implemented creatinine–cystatin C eGFR values. OR, odds ratio; TV, television.
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reduced eGFR (television watching P< 2E!16, driving
P¼ 1.44E!05), while the exposure of computer use gave non-
significant findings.

When allele scores were regressed against phenotypical obe-
sity, hypertension or diabetes, a higher allele score for physical

activity was significantly associated with a reduced risk of obe-
sity or hypertension and a higher allele score for television
watching was significantly associated with an increased risk of
obesity, hypertension or diabetes (Supplementary data, Table
S5), suggesting a vertical pleiotropic effect. A higher allele score
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FIGURE 1: Study population. MV, moderate-to-vigorous; TV, television.
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FIGURE 2: Main causal estimates from MR analysis. The causal estimates were calculated for CKD and eGFR outcome. As eGFR trait was
log-transformed, the unit was scaled to % change. Two-sample MR analysis was performed with the CKDGen genome-wide association
meta-analysis summary statistics of European ancestry individuals (N¼ 567 460). The main causal estimates shown in the figure are from
fixed-effects IVW method. One-sample MR analysis was performed with the White British UK Biobank participants (N¼ 321 024), and
the allele scores from the exposures were regressed to the kidney function traits. The CKDGen data implemented creatinine-based eGFR
values and the UK Biobank data implemented creatinine–cystatin C eGFR values. OR, odds ratio; TV, television.
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Etude observationnelle:  

Une activité intense est significativement associée à 
un risque plus faible d’IRC et de diminution de la FR

Temps passé devant l’ordinateur ou à la conduite est 

associé à la diminution de la FR
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Etude génétique: 
Une prédisposition génétique pour un plus haut degré 
d’activité physique est significativement associé à une 
meilleure FR

Parmi les comportements sédentaires une 
prédisposition génétique pour regarder longtemps la TV 
est significativement associée à une moins bonne FR


reduced eGFR (television watching P< 2E!16, driving
P¼ 1.44E!05), while the exposure of computer use gave non-
significant findings.

When allele scores were regressed against phenotypical obe-
sity, hypertension or diabetes, a higher allele score for physical

activity was significantly associated with a reduced risk of obe-
sity or hypertension and a higher allele score for television
watching was significantly associated with an increased risk of
obesity, hypertension or diabetes (Supplementary data, Table
S5), suggesting a vertical pleiotropic effect. A higher allele score
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FIGURE 2: Main causal estimates from MR analysis. The causal estimates were calculated for CKD and eGFR outcome. As eGFR trait was
log-transformed, the unit was scaled to % change. Two-sample MR analysis was performed with the CKDGen genome-wide association
meta-analysis summary statistics of European ancestry individuals (N¼ 567 460). The main causal estimates shown in the figure are from
fixed-effects IVW method. One-sample MR analysis was performed with the White British UK Biobank participants (N¼ 321 024), and
the allele scores from the exposures were regressed to the kidney function traits. The CKDGen data implemented creatinine-based eGFR
values and the UK Biobank data implemented creatinine–cystatin C eGFR values. OR, odds ratio; TV, television.
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Truffes au chocolat:    chocolat + beurre/crème+ cacao

Sucre, chocolat noir 23% 
(pâte de cacao, sucre, beurre 
de cacao, émulsifiant : 
lécithine de soja, arôme 
naturel de vanille), graisse 
végétale de noix de coco, 
cacao maigre en poudre, 
poudre de cacao 11%, 
poudre de lait entier, huile 
végétale de colza, arôme 
naturel, beurre pâtissier, 
émulsifiant : lécithine de soja, 
arôme naturel de vanille

Fèves de cacao (Cameroun, 
Madagascar, Pérou), crème 
épaisse (LAIT), sucre de 
canne, beurre (LAIT), 
AMANDES (4,2%), pâte de 
marrons (marrons, sucre, 
vanille) (4,1%), beurre de 
cacao, sorbitol, sucre inverti, 
sirop de glucose, dextrose, 
farine de châtaigne (0,7%), 
eau, gousses de vanille, 
émulsifiant: lécithine de 
tournesol, miel de châtaignier 
(0,07%), fleur de sel, 
poudres de cacao (0,07%).

Pâte de cacao*, 
sucre de canne*, 
crème de lait*, sirop 
de blé*, beurre de 
cacao*, poudre de 
cacao* : 2%, poudre 
de lait*. 



Bonnes 
fêtes de fin 

d’année


