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Abstract

There have been numerous clinical trials that have investigated the effect of sodium
intake on blood pressure in diabetic patients. The purpose of this systematic review
and meta-analysis was to evaluate the clinical trial studies performed on the effect
of low sodium diet (LSD) versus high sodium diet (HSD) on blood pressure in diabetic
patients. PubMed, Scopus, and Web of Science were systematically searched from
database inception to July 10, 2021. Both type 1 and 2 diabetes was considered.
Overall, there were 15 studies included in this meta-analysis. The weighted (WMD)
mean difference with 95% confidence interval (Cl) was calculated using a random-
effects model. Risk of bias in the studies was assessed based on the Cochrane col-
laboration tool and the quality of all the studies was considered as good. Overall,
LSD significantly reduced SBP (systolic blood pressure) (WMD: -3.79 mmHg, 95% Cl:
-6.02, -1.56) and DBP (diastolic blood pressure) (WMD: -1.62 mmHg, 95% Cl: -2.84,
-0.40), in comparison with HSD, in diabetics. However, LSD had no significant ef-
fect on MAP (mean arterial pressure) in comparison with HSD (WMD: -1.81, 95%Cl:
-5.49, 1.87). Although subgroup analysis could not attenuate heterogeneity in SBP,
subgroup analysis in DBP based on duration (<1 week: WMD: -2.35, 95%Cl: -3.69,
-1.00, I? =48.9%, p = 0.081, >1 week: WMD: -1.04, 95% Cl: -2.83, 0.76, I> =74.7%,
p =0.003) and study design (cross-over: WMD: -1.94, 95% CI: -2.71, -1.17, ?=32.1%,
p = 0.183, parallel: WMD: -2.17, 95% Cl: -6.48, 2.13, I =82.4%, p = 0.001) success-
fully detected sources of heterogeneity. LSD significantly reduced SBP and DBP, how-
ever, had no effect on MAP, in comparison with HSD.
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1 | INTRODUCTION

Diabetes is a chronic disease induced by insulin resistance or reduced
insulin secretion. Diabetes mellitus increases the risk of hyperten-
sion, even without kidney failure, and the average exchangeable
sodium is 10% higher in diabetics relative to non-diabetics (Gerdts
et al., 1996). Approximately 463 million adults are currently living
with diabetes worldwide (International Diabetes Federation, 2017);
moreover, it is expected that the global prevalence of diabetes will
increase several times in the next 20years (International Diabetes
Federation, 2017). High blood pressure (systolic blood pressure
(SBP) =140 and or diastolic blood pressure (DBP)>80) represents a
major comorbidity in patients with diabetes (Passarella et al., 2018;
Petrie et al., 2018), where around 74% of adult patients with diabetes
have an elevated blood pressure. Hypertension in diabetic patients
is one of the main risk factors for diabetes-associated vascular com-
plications and cardiovascular events (Passarella et al., 2018; Petrie
et al., 2018; Saeedi et al., 2019). Also, insulin resistance, hypergly-
cemia, and an activated sympathetic nervous system play important
roles in the pathogenesis of hypertension in patients with type 2
diabetes (Adler et al., 2000; Ohishi, 2018; Vedovato et al., 2004).
There is increasing evidence to advocate that salt sensitivity may
be a leading cause of hypertension in diabetic patients (Passarella
et al., 2018; Petrie et al., 2018; Vedovato et al., 2004). Indeed, stud-
ies have revealed that dietary salt intake could directly cause to high
blood pressure. Excessive sodium intake (more than >5 g sodium/
day) increases blood pressure and also increases cardiovascular
morbidity and mortality (Ferguson et al., 2019; Grillo et al., 2019;
Hyseni et al., 2017). A cohort study conducted in people with type 2
diabetes between the ages of 40 to 70years showed that the higher
sodium intake is related to higher risk of CVD, moreover patients
with higher HbA1C and intake of sodium were at an elevated risk for
CVD (Horikawa et al., 2014). A visually based dietary intervention
concluded that reducing the salt intake in short term resulted the
SBP improvement in the intervention group compared with the con-
trols (Yokokawa et al., 2020). A 12-week randomized double-blind
trial demonstrated that a moderate reduction in salt intake resulted
in a significant reduction in blood pressure and urinary albumin ex-
cretion in diabetic patients (Suckling et al., 2016). The aforemen-
tioned study included 46 untreated hypertensive participants with
controlled type 2 diabetes or impaired glucose tolerance, and during
2weeks, the participants were subjected to a low sodium diet, then
for 12 weeks, the subjects received six tablets containing 10 mmol of
salt or placebo daily. Accordingly, the average urinary sodium in the
sodium group was significantly higher than the placebo group, whilst
SBP and DBP were significantly higher in the intervention group. On
the other hand, a recent observational study in patients with type 2
diabetes revealed that lower salt intake was paradoxically related to
an increase in cardiovascular mortality; this observational study was
conducted on people with type 2 diabetes who were followed for at
least 3 months in terms of urinary albumin excretion. Participants
were given general dietary advice, but no detailed assessment
of their dietary salt was undertaken. This study showed that, by

increasing the 24-hour urinary sodium (24hUNa) excretion, the all-
cause mortality rate decreased by 28%. After adjusting for compet-
ing risk of non-cardiovascular death and other predictors, 24hUNa
was also significantly associated with cardiovascular death (Ekinci
et al., 2011). Further, some studies have found that sodium reduc-
tion may have adverse effects on diabetes (He et al., 2013; Patel
et al., 2015; Thomas et al., 2011). Thus, the role of salt reduction in
diabetes mellitus is equivocal, whilst review studies pertaining to the
effects of Low Sodium Diet (LSD) versus High Sodium Diet (HSD) on
blood pressure in diabetic patients are limited. Hence, we sought to
conduct a systematic review and meta-analysis of a randomized con-
trolled trial (RCTs) to evaluate the effects of low-sodium diet versus

high-sodium diet on blood pressure in diabetic patients.

2 | MATERIALS AND METHODS
2.1 | Search strategy

This study was conducted in accord with the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) state-
ment (Picot et al., 2012). To find relevant articles, a comprehen-
sive electronic search was accomplished on PubMed, ISI Web
of Science, and Scopus databases, from database inception up
to July 2021. There were no restrictions on the language and
time of publication. The search was performed using follow-
ing keywords: (“sodium”[tiab] OR “salt”[tiab] OR “NaCl"[tiab] OR
“Sodium Chloride”[tiab] OR “Sodium restriction”[tiab] OR “Sodium
Restricted”[tiab] OR “high-sodium”[tiab] OR “low-sodium”[tiab] OR
“Diet, Sodium-Restricted”[mesh] OR “Sodium Chloride”"[Mesh] OR
“Diet, Sodium-Restricted"[Mesh]) AND (“blood pressure”[tiab] OR
“hypertension”[tiab] OR “hypertensive”[tiab] OR “hypotension”[tiab]
“hypotensive”[tiab] OR “systolic blood pressure”[tiab] OR “di-
astolic blood pressure’[tiab] OR “SBP”[tiab] OR “DBP”[tiab]
OR “Blood Pressure”[Mesh] OR “Hypertension”[Mesh] OR
“Hypotension”[Mesh]) AND (“Diabetes”[tiab] OR “Diabetic”[tiab]
OR “Hyperglycemia”[tiab] OR “Hyperglycemic”[tiab] OR “DM"[tiab]
OR “T2DM”[tiab] OR “NIDDM"[tiab] OR “insulin resistance”[tiab]
OR “glucose intolerance”[tiab] OR “Diabetes Mellitus"[Mesh] OR
“Diabetes Mellitus, Type 1"[Mesh] OR “Hyperglycemia”’[Mesh] OR
“Diabetes, Gestational’[Mesh] OR “Diabetes Mellitus, Type 2"[Mesh]
OR “Insulin Resistance”’[Mesh] OR “glucose intolerance”[Mesh]).

Two authors (MG and MR) searched databases. If there was a dis-
agreement, a consensus was reached following discussion. Details
about population, intervention, comparator, and outcome (PICO) are
described in Table 1.

2.2 | Inclusion and exclusion criteria
Clinical trials in which a low-sodium diet (LSD) compared with a high-

sodium diet (HSD), or sodium supplementation, in diabetic patients
(type | or type Il diabetes) were included. We excluded the following
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TABLE 1 Detailed information about population, intervention,
comparator, and the outcome (PICO)

PICO items Definition

Population Diabetic patients (Type | or Type Il)
Intervention Low-sodium diet
Comparison High-sodium diet or Sodium supplementation

Outcome Systolic blood pressure, Diastolic blood

pressure, Mean arterial pressure

studies: (1) animal studies, (2) studies that assessed the effect of a
medication without any intervention in dietary sodium intake, (3)
studies that prescribed dietary approach to stop hypertension
(DASH), (4) observational studies, and (5) review studies.

2.3 | Data extraction

The following information was collected from each study: the name
of authors, the year of publication, sex and mean age of participants,
design of the study, type of diabetes, amount of dietary sodium in
both intervention and control groups, the method for assessing diet
compliance, duration of intervention, reported data for blood pres-
sure including SBP, DBP, and mean arterial pressure (MAP), and the
health status of participants. Almost all of the studies used the urine

analysis method to ensure the compliance of the diet.

2.4 | AQuality assessment

Two authors (MG and MR) evaluated the quality of the articles based
on Cochrane Collaboration's tool (Higgins et al., 2011), including: (1)
random sequence generation, (2) allocation concealment, (3) blind-
ing of participants and personnel, (4) blinding of outcome assess-
ment, (5) incomplete outcome data, (6) selective reporting, and (7)
other sources of bias. Results were divided in three groups: low risk
of bias, high risk of bias, and unclear risk of bias. The interpretation
of the quality assessment results based on guidelines was as follows:
good (low risk for more than 2 items), fair (low risk for 2 items), or

weak (low risk for less than 2 items; Higgins et al., 2011).

2.5 | Statistical analysis

Effect size was calculated using mean and standard deviation (SD)
of SBP, DBP, and MAP in the low-sodium and high-sodium groups.
Standard errors (SE) were converted to SD using the formula
SD = SExVN. In studies that reported 95% confidence interval (Cl),
SD was calculated using the formula SD = VN x (upper limit-lower
limit) + 3.92 (Deeks et al., 2019). A random-effects model was applied
to calculate overall effect size for each outcome (Deeks et al., 2019).
All data were reported in the same unit through the studies.
Therefore, we reported overall effect sizes in the form of weighted

mean difference (WMD). The heterogeneity between included stud-
jes was evaluated using I statistics (Deeks et al., 2019). When a sig-
nificant between-study heterogeneity was observed, we performed
pre-planned subgroup analyses based on study design (cross-over or
parallel), study duration (<1 week or >1weeks), and health condition
of patients (hypertensive or normotensive) to detect possible sources
of heterogeneity. Between-subgroup heterogeneity was determined
using a fixed-effects model (Deeks et al., 2019). We tested the ro-
bustness of the overall effect sizes using sensitivity analysis, whilst
Begg's rank correlation test (Begg, 1994), as well as Egger's linear
regression test (Egger et al., 1997), were applied to detect publica-
tion bias. All statistical analyses were performed using Stata software
(version 11.2; Stata Corporation, College Station, TX, USA). Analyses

were two-tailed, and statistical significance was set at p<.05, a priori.

3 | RESULTS
3.1 | Literature search result

The process of database searches and study selection are shown in
Figure 1. A total of 7484 articles were obtained in the basic search
(3227 articles from PubMed database, 794 publications from ISI
Web of Science, and 3466 results from Scopus database center).
Duplicates (n = 1374) were excluded, and the titles and abstracts
of the remaining articles were reviewed based on inclusion and ex-
clusion criteria, and irrelevant articles were subsequently excluded.
Finally, the full-texts of 78 articles that were apparently appropriate
were reviewed, and, finally, 15 articles were retained.

3.2 | Study characteristics

Details of the included studies are detailed in Table 2. Ten studies
were conducted in European countries (Parvanova et al., 2018; de
Faria et al., 1997; Dodson et al., 1989; Gerdts et al., 1996; Lambert
et al., 1997; Muhlhauser et al., 1996; Suckling et al., 2016; Trevisan
et al., 1998; Vedovato et al., 2004; Wenstedt et al., 2020), two in the
United States (Olshan et al., 1982; Tuck et al., 1990), and three in
Japan (Imanishi et al., 2001; luchi et al., 2016; Yokokawa et al., 2020),
and the publication date ranged from 1982 to 2021. The mean age of
participants ranged from 24 to 66years old, and the design of most
studies was cross-over, except for three studies that used a paral-
lel design (Imanishi et al., 2001; Muhlhauser et al., 1996; Yokokawa
et al., 2020). The sample size ranged from 10 to 753 and most stud-
ies recruited both genders, except for two studies which enrolled
men only (Olshan et al., 1982; Wenstedt et al., 2020). The amount of
sodium in low sodium diets ranged from 20 to 104 mmol/day (460 to
2400 mg/day) and from 80 to 300 mmol/day (1800 to 6900 mg/day)
in high sodium diets. All studies had an intervention that increased or
decreased the dietary sodium, with or without sodium supplemen-
tation, although participants in one study only received nutritional
recommendation to reduce sodium intake (Yokokawa et al., 2020).
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FIGURE 1 The process of database searches and study selection.

Five studies reported MAP (de Faria et al., 1997; Olshan et al., 1982;
Trevisan et al., 1998; Tuck et al., 1990; Vedovato et al., 2004), two
studies measured MAP, SBP, and DBP (Gerdts et al., 1996; Wenstedt
et al., 2020), and the other studies reported SBP and DBP.

3.3 | Quality assessment

Results of the risk of bias assessment, based on the Cochrane col-
laboration tool, are showed in Table 3. Nine studies scored 3, and

Open Access,

the rest of the studies scored more than 3. Therefore, all the studies
were ranked as good quality.

3.4 | Effect of alow-sodium diet on SBP

Eleven studies reported data on the effect of a LSD on SBP com-
pared with a HSD. Pooled analysis showed that a LSD had a sig-
nificant decreasing effect on SBP in comparison with HSD (WMD:
-3.79mmHg, 95% Cl: -6.02, -1.56). Because of a significant between

85U801 SUOWWOD SAIERID 3(dedt[dde 8y Ag peusenob a1e sejole YO ‘s Jo sojni o} AkeiqiTauluQ AB]1/W UO (SUONIPUOD-pUe-SWB /W00 A3 1M AleIq Ul juo//SANY) SUONIPUOD PUe SWLIS | 8L 88S " [7202/80/TT] Uo AkiqiTauljuo AB[Im ‘(-ouleAnde ) aqnopesy AQ ZTZe €US)/Z00T OT/I0p/W00" A3 1M AeIqpuljuo//:sdny Wouy pepeojumod ‘v ‘€202 ‘2L T/8V0Z



20487177, 2023, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/fsn3.3212 by Readcube (Labtivalnc.), Wiley Online Library on [11/08/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

2
[
s *$309[(NS SAI}ISUSS }esS ‘SSS 24nssaud poo|q J1j03SAS ‘dgS ‘pajdodat JON ‘YN ‘shijjsw sa3aqgelp Juspuadap ulnsul-uou ‘INAAIN
ADn {pauljap-jou ‘gN ‘e4nssaud |elidlle uesaw ‘qyIA 9jew ‘|z $321p WNIPOS MO ‘dST ‘Snijjaw sa3aqelp Juapuadap ulnsu| ‘Nad| ‘321p wnipos YSiH ‘QSH ‘ojewsay 4 aanssaid poojq d1jo3selp ‘dgq :suolieinaiqqy
Q
M sjusned onagelp ddd (0zoz)
% 9AIsULIadAY pue aAIsUSIoWION sasueyd juediiusis oN dgs G9¢€ anN dN 4N ZadAL 19]1e1ed 99 (4£9€:N98€) €52 EMEX0OA
W dga (0zo2)
M $323[gns d139qeIp SAISUSJOWLION dVIA paseasoul gsH d4gs 8  U0I323]|0d aulIn Jy-4¢ Aep/a3z1< Aep/3 £> T odAL 19A0-5501D) SC (a1ew) oz 1P2ISUSM
N SwQoE uey asH 1ou
nlu_ 2Jow jo eLinulwungle y4g g ds1 ay3 ul paseatdsp ddd (8102)
W yum sjuaijed QgL SAISUSIOWION Ajueaiyiugis 4gqQ pue 4gs dgs 06 uold9||od suln Y-z  Aep/bgwpoz<  Aep/bjwQr> zadAL J9A0-5504D) 9 (4€T:INTOT) STT eAOUBAIRY
N.LH
INOYIIM 10 Y1IM 9DURID|0} paseaJdap 44a dgaa
9s0on|8 palledwiJo AZL  Ypg pue dgs Uiye pue [edluld dgas v uondsjodsuLny-z  Aep/lowwogl  Aep/jowwQé> ZRdAL  13A0-5501D 89 (d22:Wp2) 9% (9T0Z) Bulppdns
ddd
$323[gns 213aqelp aAlsuslIadAH sa3ueyo juediyiusis oN dgas / uoI1329]|02 dUlIN Y-{7 Aep/3 9> zadAL J19A0-5501D) 09 (4€:NL) OT (97T02) 'yan|
J1NUIWNG|EOW.IoU
ul jou Inq sjuaijed
BLINUIWNG[EOJDIW YIIM JLNUIWNG[EOJDIW Ul (#002)
sjualjed ojagelp aalsualiadAy  4gqQ pue 4g9s paseatoul gSH dVIN / U01323]|02 dULIN Y-{Z jowwQsz jowwgg zadAl  Jan0-ssou) 585 (40T:INTE) T 01BAOPIA
JuNUIWNg[eoJdIW
sjuaijed ul 4gQ pue dunujwnge
2139eIp dNUiWNge owlou 0.D1W pue owJou Yyjoq dgaa
-0JOBW-0.01W SAISUS]OWION ul 4gs paseasoul dsH das L uonda|jod duLN Y-z Aep/joww o0z Aep/joww 0g ZodAL 19]]e1ed 19 (dET:W6T) ZE  (T00T) Iysiuew]
sjuaijed onagelp
9AISU91I9dAY pue SAISUSIOWION dVIA paseaJdul asH dvin 9 u01329]|02 dULIN Y-{Z jowwQsz jowwgg TadAl  J9A0-sSOUD (012 (47:NTT) 9T  (866T) UeSIADIL
|lidopuriad
noypm
d4ad pue yum
5$309[qNs J139qeIp SAISUSJOWION  dgd Pue dgs pasealoul asH dgas 8-G uoida|jod duULIN Y-z Aep/loww0g Aep/lowwog TodAL  J9A0-5501D 6vC (HOV:NYZ) ¥9  (L66T) Haquieq
$323[gns d139qeIp SAISUSIOWLION sadueyd juediyiudis oN dVIN ya uoI3129]|02 dULIN Y-{¢ Aep/joww Qg Aep/joww QT T adAL J19A0-5504D) 0¢ (4€:NL) OT (L66T) eliE4 9p
eunuajold daa (966T)
pasea.oul yyim syuaired NAAI sa3ueyd Juediusis oN das 8¢ UodR||0d dULIN Y-z Aep/lowwI04T Aep/loww o6 T odAL |9]jeed 4 (A7'WCT) 9T dasney|yltin
Sss ut d4ad
$323[qns 213aqelp aAIsusIadAH dgd pue dgs pa3npal gs’ dds 9 uo1339]|03 duln Y- jowwgsT loww Qg TadAL  J4ano-ssoi) ov (46:NTZ) 0E  (966T) SLAYID
sjusijed onjaqelp
9AISUD1I9dAY puE SAISUDIOWION dVIN paseasoul asH dVIN 9 U01323]]02 dULIN Y-{Z bjw-oz bjw-0s5z z9dAL  Jan0-ss0ID) sS (aN :y10Q) 92 (066T) MDNL
suaijed dda
J139qelp aAIsualIadAy pliA (d9Q@ 10u) 4gS padnpal s d4s 0¢ uoI129]|02 duUlIN Y-t¢ Aep/loww Qg - Z 2dAL 13A0-5504D) G'19 (ATTNET) ¥E (686T) uospoQ
V_.. $323[qns 213aqelp dAIsUalIadAH sasueyd juedijiusis oN dVIN 9 U01329]|0d dUlN Y- Uvz/bawoe  yyz/ bawort ¢adAL  Jano-ssou) zs (elew) g7 (z86T) ueysjo
ELn_ s329[qns Jnoqe sajo0N s} nsay ejep (sAep) aoueldwo) dnou3 dno.3 sajaqelp ugdisag  (sdeaA) (4opuas) (4e3A) Joyiny
— pajioday uoneinq |oJ3uod Ul UoIUSAIDIUI Ul J0 9dAL a8e azis s|dwes
W 9)ejul WNIPOS  3)ejul WNIPoS ueajy

1626

MB3IADJ D13BWI)SAS 0} SAIPN3S PapN|dUl 4O SDfIsIIIdeIRYD) Z F79V.L



GHOLIZADEH-MOGHADDAM ET AL.

—Wl LEYM

TABLE 3 Risk of bias assessment for included randomized controlled clinical trials

Random Blinding of Blinding of Incomplete
sequence Allocation participants and outcome outcome Selective Other Overall
Author (year) generation concealment  personnel assessment data reporting bias Score  quality
Olshan (1982) - - - - + + 3 Good
Dodson (1989) + 3 + 3 + 3 i 7 Good
Tuck (1990) - - - - + + + 3 Good
Gerdts (1996) - - - - + + + 3 Good
Muhlhauser + + + ? + + + 6 Good
(1996)
De faria (1997) ? ? - - + + + 3 Good
Lambert (1997) - - - + + + + 4 Good
Trevisan (1998) - - - - + + + 3 Good
Imanishi (2001) ? - - - + + + 3 Good
Vedovato ? = = = 4 + + 5 Good
(2004)
luchi (2016) - - - - 3 Good
Suckling (2016) + ? + + 6 Good
Paravona + ? + Good
(2018)
Wenstedt ? = = = aF aF I 8 Good
(2020)
Yokokawa + + - - + + + 5 Good
(2021)
TABLE 4 Results of subgroup analysis
p between subgroup
Subgroup Effect size (n) Pooled effect I? p heterogeneity heterogeneity
SBP (mmHg)
Design
Cross-over -3.79 (-5.82, -1.76) 73.4 .001 .001
Parallel 4 -4.95(-11.38, 1.47) 73.5 .01
Health status
Hypertensive 6 -2.38(-5.19,0.42) 77.7 .000 <.001
Normotensive 5 -4.89 (-7.74, -2.04) 80.4 .000
Duration
<1 week 6 -4.20 (-7.49, -0.92) 77.8 .000 <.001
>1 week 5 -3.29 (-6.19, -0.40) 87.1 .000
DBP (mmHg)
Health status
Hypertensive 6 -0.88 (-3.01, 1.25) 65.1 .014 .001
Normotensive 5 -2.23(-3.46, -1.00) 66.2 .019
MAP (mmHg)
Health status
Hypertensive 5 -5.51(-13.59, 2.56) 97.2 .000 .0001
Normotensive 5 1.25(-3.00, 5.49) 93.5 .000

Abbreviations: DBP, diastolic blood pressure; MAP, mean arterial pressure; SBP, Systolic blood pressure.
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studies heterogeneity (1> =90.2%, p <.001), subgroup analyses were
conducted based on duration of intervention, status of the partici-
pants, and study design (Table 4). However, none of subgroups could
detect the source of heterogeneity. The effect of LSD on overall SBP
has been shown in Figure 2.

3.5 | Effect of alow-sodium diet on DBP

Ten studies reported data on the effect of LSD on DBP compared
with a HSD. Pooled analysis showed a significant decrease in DBP
after consuming a LSD compared with HSD (WMD: -1.62mmHg,
95% Cl: -2.84, -0.40). Because of a significant between study het-
erogeneity (1> =73.3%, p <.001), a subgroup analysis was conducted
based on duration of study, study design, and the health status of
the participants. Subgroups based on duration (<1 week: WMD:
-2.35mmHg, 95%Cl: -3.69, -1.00, > =48.9%, p =.081, >1 week:
WMD: -1.04mmHg, 95% Cl: -2.83, 0.76, I> =74.7%, p =.003) and de-
sign (cross-over: WMD: -1.94mmHg, 95% Cl: -2.71, -1.17, I? =32.1%,
p =.183, parallel: WMD: -2.17 mmHg, 95% Cl: -6.48,2.13, I =82.4%,
p =.001) detected significant sources of heterogeneity. The effect
of a LSD on DBP based on duration and design subgroup has been
shown in Figures 3 and 4, respectively. Subgroup analysis based on
the health status of the participants was not significant (Table 4).

Study

3.6 | Effect of low-sodium diet on MAP

Pooled analysis showed no significant effect of LSD on MAP com-
pared with HSD (WMD: -1.81 mmHg, 95%Cl: -5.49, 1.87). Because
of small number of studies conducted on MAP, subgroup analysis
was conducted only based on health status, and it could not detect
the source of heterogeneity (Table 4).

4 | DISCUSSION

High blood pressure is one of the important risk factors in increasing
cardiovascular diseases (Banach & Aronow, 2012; Collins et al., 1990;
Lewington, 2002; MacMahon et al., 1990).Further, people with dia-
betes tend to concurrently experience higher blood pressure (Gerdts
et al., 1996). There are numerous approaches to manage blood pres-
sure in people with diabetes, such as reducing sodium intake, adher-
ing to a DASH diet, or using salt substitutes such as potassium salt.
The current systematic review and meta-analysis of clinical tri-
als assessed the effectiveness of a LSD compared with a HSD on
SBP, DBP, and MAP in diabetic patients. The results identified that
a LSD had a significant effect on decreasing both SBP and DBP,
but not in MAP. Furthermore, subgroup analyses were conducted
based on duration of intervention, status of participants, and study

%
D ES (95% CI) Weight
Dodson(supine) . -13.00 (-21.93,-4.07)  4.45
Muhlhauser - 490 (-13.95,4.15) 437
Lambert ,-.- -1.90(-3.28,-0.52)  14.69
Imanishi(microalbuminuria) * : -11.00 (-18.13, -3.87) 6.01
Imanishi (normoalbuminuric) * E -7.00 (-19.78, 5.78) 2.55
Tuchi(SBP diurnal) E—o— 0.00 (-5.86, 5.86) 7.50
Iuchi(SBP nocturnal) : 0.00 (-10.66, 10.66) 342
Suckling —IO— -3.30 (-5.06, -1.54) 14.18
Parvanova _;_ -3.81 (-6.32,-1.30) 12.99
Wenstedt U : -6.40 (-8.10,-4.70)  14.27
Yokokawa E . -0.03 (-0.07,0.01)  15.56
Overall (I-squared =90.2%, p = 0.000) 0 -3.79 (-6.02,-1.56)  100.00
NOTE: Weights are from random effects analysis E
I I

219 0

21.9

FIGURE 2 The effect of low-sodium diet on systolic blood pressure in comparison with a high-sodium diet.
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Study %
D ES (95% CI) Weight
<1 Week
Lambert = -1.70 (-2.70, -0.70) 15.32
Imanishi(microalbuminuria . E -6.00 (-10.04, -1.96) 5.96
Imanishi(normoalbuminuric i 0.00 (-4.90, 4.90) 4.56
luchi(DBP diurnal) , 0.00 (-4.80, 4.80) 4.71
luchi(DBP nocturnal) i 0.00 (-6.40, 6.40) 3.01
Wenstedt - -3.20 (-4.20, -2.20) 15.31
Subtotal (I-squared = 48.9%, p=10.081) <_> -2.35 (-3.69, -1.00) 48.87
>1 Week :
Dodson(supine) - -1.80 (-6.53,2.93) 4.81
Muhlhauser < . : -5.30 (-10.39, -0.21) 4.31
Suckling —— -1.80 (-3.37, -0.23) 13.33
Parvanova = -1.18 (-2.35,-0.01) 14.76
Yokokawa L |—— 1.56 (0.15,2.97) 13.93
Subtotal (I-squared = 74.7%, p=0.003) <> -1.04 (-2.83, 0.76) 51.13
Overall (I-squared = 73.3%, p=0.000) <> -1.62 (-2.84,-0.40) 100.00
NOTE: Weights are from random effects analysis E
I I

-10.4

0 10.4

FIGURE 3 The effect of a low-sodium diet on diastolic blood pressure in comparison with a high-sodium diet based on duration of the

study.

design. Accordingly, the results showed that a LSD significantly re-
duced DBP in cross-over study designs and in studies where the
duration of interventions was lower than 1 week, as compared to a
HSD. Previous investigations reported that higher intake of dietary
sodium might be associated with adverse health outcomes including
kidney disorders, CVD events, and hypertension (Malta et al., 2018;
Mills et al., 2016; Smyth et al., 2016), and reduction in dietary so-
dium could be considered as a beneficial approach for improvement
of health status (Malta et al., 2018).

Based on the results of previous studies, water retention
(Abbasnezhad et al., 2020; Mills et al., 2016), impairment activity of
sympathetic system (Graudal et al., 2020; Jirgens & Graudal, 2002),
endothelial dysfunction (Huang et al., 2020), large arteries stiffness,
and oxidative stress (Hooper et al., 2002) following high sodium
diets are considered as possible mechanisms underlying the associ-
ation between HSD and hypertension in salt-sensitive hypertension
(Grillo et al., 2019).

The evidence from previous studies indicates that sodium in-
take reduction might have a beneficial effect on blood pressure.
Indeed, the systematic review and meta-analysis by Abbasnezhad
et al. (2020) illustrated that, among different dietary approaches

to decrease blood pressure, reducing dietary sodium was the most
efficient dietary modification in SBP reduction in type 2 diabetes.
However, no significant effect was observed on DBP, which is in-
consistent with our results (Abbasnezhad et al., 2020). Interestingly,
the aforementioned review was conducted on normotensive or pre-
hypertensive subjects, however, in our study, both normotensive
and hypertensive subjects were included. In addition, the Cochrane
reviews of trials evaluated the effect of a LSD on blood pressure
compared to a HSD, and revealed that a LSD, in both normoten-
sive and hypertensive subjects, reduced systolic and diastolic blood
pressure. Nonetheless, the magnitude of the LSD effect in hyperten-
sive people was greater than normotensive counterparts (Graudal
et al., 2020; Jurgens & Graudal, 2002).

A further systematic review and dose-response analysis of ran-
domized trials evaluated the effect of dietary sodium reduction on
blood pressure, and the results revealed that a reduction in sodium
intake prompted a decrease SBP and DBP, with greater magnitude for
non-white, older, and hypertensive subjects. Also, the shorter dura-
tion of the intervention (<15 days) may lead to an underestimation of
the effect of LSD on blood pressure (Huang et al., 2020). However,
the study by Yokokawa et al. reported that dietary intervention,
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%

Study

1D ES (95% CI) Weight
Cross-over E
Dodson(supine) . -1.80 (-6.53,2.93) 4.81
Lambert - -1.70 (-2.70, -0.70) 15.32
luchi(DBP diurnal) : 0.00 (-4.80, 4.80) 4.71
luchi(DBP nocturnal) : 0.00 (-6.40, 6.40) 3.01
Suckling e -1.80(-3.37,-0.23) 13.33
Parvanova —— -1.18 (-2.35,-0.01) 14.76
Wenstedt ! -3.20 (-4.20, -2.20) 15.31

Subtotal (I-squared = 32.1%, p = 0.183) <> -1.94 (-2.71,-1.17) 71.24

Parallel

Muhlhauser Pz -
Imanishi(microalbuminuria) +

-5.30 (-10.39, -0.21) 4.31
-6.00 (-10.04, -1.96) 5.96

Imanishi(normoalbuminuric
Yokokawa

Subtotal (I-squared = 82.4%, p = 0.001) ~—__ | ]

<>

NOTE: Weights are from random effects analysis E

Overall (I-squared =73.3%, p = 0.000)

0.00 (-4.90,4.90) 4.56
1.56 (0.15,2.97) 13.93

22,17 (-6.48,2.13)  28.76

_1.62 (-2.84, -0.40) 100.00

-10.4

10.4

FIGURE 4 The effect of a low-sodium diet on diastolic blood pressure in comparison with a high-sodium diet based on the study design.

including reduction in dietary salt, had a positive effect on blood
pressure lowering in a short term intervention (6 months), although
this significant reduction was eliminated at 12months (Yokokawa
et al., 2020). In addition, the study by Hooper et al. (2002) observed
that the effectiveness of LSD on reduction of urinary excretion of
sodium, and subsequently blood pressure, in short term trials was
greater than longer duration trials, which is concordant with our
findings. It is evident that the compliance and maintenance of LSD in
long term trials is difficult, and adherence appears to attenuate over
time. In addition, the number of studies that evaluated the effect of
LSD on blood pressure in interventions with longer durations were
limited, and therefore may have impacted our ability to accurately
consider the effect of longer-term interventions.

The result of current subgroup analysis demonstrated that the
reduction in SBP and DBP following LSD intervention was signifi-
cant in studies with a cross-over design, but not in parallel design.
Indeed, this suggests that study design may be a key driver in at-
taining accurate and reliable results (Dodson et al., 1989; Wenstedt
et al., 2020; Yokokawa et al., 2020).

The Na/K urine excretion is one of the indices for assessing the
blood sodium load. Studies have shown that urinary potassium ex-
cretion is inversely related to blood pressure, and potassium sup-
plementation reduces blood pressure. The effect of a high Na/K on

blood pressure is greater than the effect of each one independently,
and a higher ratio is associated with a higher risk of cardiovascular
disease (Tabara et al., 2015). Therefore, future studies should be fo-
cused on this variable rather than sodium or potassium separately.
Many studies have been conducted to assess the effect of salt
substitutes, such as potassium chloride, sodium malate, and mono-
sodium glutamate, on blood pressure. The results of a meta-analysis
conducted on six clinical trials (using sodium-magnesium enriched
salt) demonstrated that the use of salt substitutes significantly
reduces SBP. This reduction was less in the case of DBP (Peng
et al., 2014); nevertheless, using potassium chloride as a salt substi-
tute may have cause hyperkalemia in patients with insufficient renal
function, and therefore, salt substitutes should be used with caution.
The current meta-analysis has several strengths, for instance, a
comprehensive literature search was conducted to detect trials that
assessed the effect of LSD on hypertension in diabetic patients. In
addition, to find the source of heterogeneity, a pre-defined sub-
group analysis was performed based on potential confounders, in-
cluding study design, duration of study, and health status of patients.
However, some limitations should be noted. First, a relatively small
number of studies were included in this meta-analysis. Second, most
of included studies did not report the effect of LSD on hypertension
in males and females, separately, thereby precluding any sex-based
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differentiation. Third, the pre-defined subgroup analysis could not
completely eliminate between-study heterogeneity. Clearly, the

above limitations should be addressed in future studies.

5 | CONCLUSION

In conclusion, LSD had a beneficial effect on SBP and DBP reduc-
tion in diabetic patients. However, no significant effect was found in
MAP. In addition, the results showed that LSD significantly reduced
DBP in cross-over study designs and when duration of interventions
was lower than 1 week, as compared to HSD. To verify our findings
and elucidate the underlying mechanisms, further research with dif-

ferent study designs and intervention durations are required.

ACKNOWLEDGMENTS
Food Security Research Center, Isfahan University of Medical
Sciences, Isfahan, Iran supported present study.

CONFLICT OF INTEREST

Authors had no conflict of interests.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

ETHICAL APPROVAL
Not applicable.

ORCID

Mahsa Gholizadeh-Moghaddam
org/0000-0002-5539-8250
https://orcid.org/0000-0003-1146-2369
https://orcid.org/0000-0001-9952-6579
https://orcid.

https://orcid.

Farnaz Shahdadian
Amir Hadi
Mohammad Hossein Rouhani
org/0000-0003-2451-0083

REFERENCES

Abbasnezhad, A., Falahi, E., Gonzalez, M. J., Kavehi, P., Fouladvand, F.,
& Choghakhori, R. (2020). Effect of different dietary approaches
compared with a regular diet on systolic and diastolic blood pres-
sure in patients with type 2 diabetes: A systematic review and
meta-analysis. Diabetes Research and Clinical Practice, 163, 108108.

Adler, A. |, Stratton, I. M., Neil, H. A. W.,, Yudkin, J. S., Matthews, D.
R., Cull, C. A., Wright, A. D., Turner, R. C., & Holman, R. R. (2000).
Association of systolic blood pressure with macrovascular and
microvascular complications of type 2 diabetes (UKPDS 36):
Prospective observational study. British Medical Journal, 321(7258),
412-419.

Banach, M., & Aronow, W. S. (2012). Hypertension therapy in the older
adults-do we know the answers to all the questions the status after
publication of the ACCF/AHA 2011 expert consensus document on
hypertension in the elderly. Journal of Human Hypertension, 26(11),
641-643.

Begg, C. B. (1994). Publication bias. Handbook of Research Synthesis, 25,
299-409.

Collins, R., Peto, R., MacMahon, S., Godwin, J., Qizilbash, N., Hebert, P.,
Fiebach, N. H., Eberlein, K. A., Taylor, J. O., & Hennekens, C. H. (1990).
Blood pressure, stroke, and coronary heart disease: Part 2, short-
term reductions in blood pressure: Overview of randomised drug
trials in their epidemiological context. Lancet, 335(8693), 827-838.

de Faria, J. B. L., Friedman, R., de Cosmo, S., Dodds, R. A., Mortton, J. J.,
& Viberti, G. (1997). Renal functional response to protein loading in
type 1 (insulin-dependent) diabetic patients on normal or high salt
intake. Nephron, 76(4), 411-417.

Deeks, J. J., Higgins, J. P. T., Altman, D. G., & Cochrane Statistical
Methods Group. (2019). Analysing data and undertaking meta-
analyses. Cochrane Handbook for Systematic Reviews of Interventions,
5,241-284.

Dodson, P. M., Beevers, M., Hallworth, R., Webberley, M. J., Fletcher,
R. F., & Taylor, K. G. (1989). Sodium restriction and blood pressure
in hypertensive type Il diabetics: Randomised blind controlled and
crossover studies of moderate sodium restriction and sodium sup-
plementation. British Medical Journal, 298(6668), 227-230.

Egger, M., Smith, G. D., Schneider, M., & Minder, C. (1997). Bias in meta-
analysis detected by a simple, graphical test. British Medical Journal,
315(7109), 629-634.

Ekinci, E. I, Clarke, S., Thomas, M. C., Moran, J. L., Cheong, K., Maclsaac,
R. J., & Jerums, G. (2011). Dietary salt intake and mortality in pa-
tients with type 2 diabetes. Diabetes Care, 34(3), 703-709.

Ferguson, J. F.,, Aden, L. A., Barbaro, N. R., van Beusecum, J. P, Xiao, L.,
Simons, A. J., Warden, C., Pasic, L., Himmel, L. E., Washington, M.
K., Revetta, F. L., Zhao, S., Kumaresan, S., Scholz, M. B., Tang, Z.,
Chen, G., Reilly, M. P, & Kirabo, A. (2019). High dietary salt-induced
DC activation underlies microbial dysbiosis-associated hyperten-
sion. JCl Insight, 4(13), e126241.

Gerdts, E., Svarstad, E., Myking, O. L., Lund-Johansen, P., & Omvik, P.
(1996). Salt sensitivity in hypertensive type-1 diabetes mellitus.
Blood Pressure, 5(2), 78-85.

Graudal, N. A., Hubeck-Graudal, T., & Jurgens, G. (2020). Effects of low
sodium diet versus high sodium diet on blood pressure, renin, al-
dosterone, catecholamines, cholesterol, and triglyceride. Cochrane
Database of Systematic Reviews, 12, CD004022.

Grillo, A., Salvi, L., Coruzzi, P., Salvi, P., & Parati, G. (2019). Sodium intake
and hypertension. Nutrients, 11(9), 1970.

He, F. J., Li, J., & MacGregor, G. A. (2013). Effect of longer term mod-
est salt reduction on blood pressure: Cochrane systematic review
and meta-analysis of randomised trials. British Medical Journal, 346,
f1325.

Higgins, J. P. T., Altman, D. G., Ggtzsche, P. C., Jini, P., Moher, D., Oxman,
A. D., Savovic, J., Schulz, K. F., Weeks, L., & Sterne, J. A. C. (2011).
The Cochrane Collaboration's tool for assessing risk of bias in ran-
domised trials. British Medical Journal, 343, d5928.

Hooper, L., Bartlett, C., Smith, G. D., & Ebrahim, S. (2002). Systematic re-
view of long term effects of advice to reduce dietary salt in adults.
British Medical Journal, 325(7365), 628.

Horikawa, C., Yoshimura, Y., Kamada, C., Tanaka, S., Tanaka, S., Hanyu,
0., Araki, A, Ito, H., Tanaka, A., Ohashi, Y., Akanuma, Y., Yamada,
N., Sone, H., & The Japan Diabetes Complications Study Group.
(2014). Dietary sodium intake and incidence of diabetes compli-
cations in Japanese patients with type 2 diabetes: Analysis of the
Japan diabetes complications study (JDCS). The Journal of Clinical
Endocrinology and Metabolism, 99(10), 3635-3643.

Huang, L., Trieu, K., Yoshimura, S., Neal, B., Woodward, M., Campbell,
N. R. C,, Li, Q., Lackland, D. T,, Leung, A. A., Anderson, C. A. M.,
MacGregor, G. A, & He, F. J. (2020). Effect of dose and duration of
reduction in dietary sodium on blood pressure levels: Systematic
review and meta-analysis of randomised trials. British Medical
Journal, 368, m315.

Hyseni, L., Elliot-Green, A., Lloyd-Williams, F., Kypridemos, C.,
O'Flaherty, M., McGill, R., Orton, L., Bromley, H., Cappuccio, F. P.,

85UB01 T SUOIWIOD BA11e81D) 9|qeot(dde 8y} Aq peuenob e Sepoie YO 8sN JO SajnJ 10} ARIq1T8UIUO AS]IAN UO (SUOTHIPUOD-PUE-SWIB)/I0O™AB | 1M Afe.d] U [UO//:SdnL) SUOIPUOD PUe SWiB | 8U1 89S *[Z0z/80/TT] U0 AkigiTauljuo A8]iM ‘(ouleAnge ) aqnopesy Aq ZTzZE €US}/Z00T 0T/I0p/ioo™Aa|im Al ijeuluo//sdny woij pspeojumod ‘v ‘€202 ‘LLT.8V0C


https://orcid.org/0000-0002-5539-8250
https://orcid.org/0000-0002-5539-8250
https://orcid.org/0000-0002-5539-8250
https://orcid.org/0000-0003-1146-2369
https://orcid.org/0000-0003-1146-2369
https://orcid.org/0000-0001-9952-6579
https://orcid.org/0000-0001-9952-6579
https://orcid.org/0000-0003-2451-0083
https://orcid.org/0000-0003-2451-0083
https://orcid.org/0000-0003-2451-0083

GHOLIZADEH-MOGHADDAM ET AL.

1632
—I—Wl LEY-

& Capewell, S. (2017). Systematic review of dietary salt reduction
policies: Evidence for an effectiveness hierarchy? PLoS One, 12(5),
e0177535.

Imanishi, M., Yoshioka, K., Okumura, M., Konishi, Y., Okada, N., Morikawa,
T., Sato, T., Tanaka, S., & Fujii, S. (2001). Sodium sensitivity related
to albuminuria appearing before hypertension in type 2 diabetic pa-
tients. Diabetes Care, 24(1), 111-116.

International Diabetes Federation. (2017). IDF diabetes atlas (8th ed., pp.
905-911). International Diabetes Federation.

luchi, H., Sakamoto, M., Suzuki, H., Kayama, Y., Ohashi, K., Hayashi, T,
Ishizawa, S., Yokota, T., Tojo, K., Yoshimuro, M., & Utsunomiya, K.
(2016). Effect of one-week salt restriction on blood pressure vari-
ability in hypertensive patients with type 2 diabetes. PLoS One,
11(1), e0144921.

Jirgens, G., & Graudal, N. A. (2002). Effects of low sodium diet ver-
sus high sodium diet on blood pressure, renin, aldosterone, cate-
cholamines, cholesterols, and triglyceride. Cochrane Database of
Systematic Reviews, 4, CD004022.

Lambert, J., Pijpers, R., van Ittersum, F. J., Comans, E. F. I., Aarsen, M.,
Pieper, E. J., Donker, A. J., & Stehouwer, C. D. (1997). Sodium, blood
pressure, and arterial distensibility in insulin-dependent diabetes
mellitus. Hypertension, 30(5), 1162-1168.

Lewington, S. (2002). Prospective studies collaboration. Age-specific
relevance of usual blood pressure to vascular mortality: A meta-
analysis of individual data for one million adults in 61 prospective
studies. Lancet, 360, 1903-1913.

MacMahon, S., Peto, R., Collins, R., Godwin, J., Cutler, J., Sorlie, P,
Neaton, J., Dyer, A., & Stamler, J. (1990). Blood pressure, stroke,
and coronary heart disease: Part 1, prolonged differences in blood
pressure: Prospective observational studies corrected for the re-
gression dilution bias. Lancet, 335(8692), 765-774.

Malta, D., Petersen, K. S., Johnson, C., Trieu, K., Rae, S., Jefferson, K.,
Santos, J. A., Wong, M. M. Y,, Raj, T. S., Webster, J., Campbell, N.
R. C., & Arcand, J. A. (2018). High sodium intake increases blood
pressure and risk of kidney disease. From the science of salt: A
regularly updated systematic review of salt and health outcomes
(August 2016 to March 2017). Journal of Clinical Hypertension,
20(12), 1654-1665.

Mills, K. T., Chen, J., Yang, W., Appel, L. J., Kusek, J. W., Alper, A.,
Delafontaine, P., Keane, M. G., Mohler, E., Ojo, A., Rahman, M.,
Ricardo, A. C., Soliman, E. Z., Steigerwalt, S., Townsend, R., He, J.,
& Chronic Renal Insufficiency Cohort (CRIC) Study Investigators.
(2016). Sodium excretion and the risk of cardiovascular disease
in patients with chronic kidney disease. Journal of the American
Medical Association, 315(20), 2200-2210.

Muhlhauser, I., Prange, K., Sawicki, P. T., Bender, R., Dworschak, A.,
Schaden, W., & Berger, M. (1996). Effects of dietary sodium on
blood pressure in IDDM patients with nephropathy. Diabetologia,
39(2), 212-219.

Ohishi, M. (2018). Hypertension with diabetes mellitus: Physiology and
pathology. Hypertension Research, 41(6), 389-393.

Olshan, A. R., O'Connor, D. T., Cohen, I. M., & Stone, R. A. (1982).
Hypertension in adult onset diabetes mellitus: Abnormal renal
hemodynamics and endogenous vasoregulatory factors. American
Journal of Kidney Diseases, 2(2), 271-280.

Parvanova, A., Trillini, M., Podesta, M. A,, lliev, |. P, Ruggiero, B., Abbate,
M., Perna, A., Peraro, F., Diadei, O., Rubis, N., Gaspari, F., Carrara,
F., Stucchi, N., Belviso, A., Bossi, A. C., Trevisan, R., Remuzzi, G., De
Borst, M., & Ruggenenti, P. (2018). Moderate salt restriction with or
without paricalcitol in type 2 diabetes and losartan-resistant mac-
roalbuminuria (PROCEED): A randomised, double-blind, placebo-
controlled, crossover trial. The Lancet. Diabetes and Endocrinology,
6(1), 27-40.

Passarella, P, Kiseleva, T. A., Valeeva, F. V., & Gosmanov, A. R. (2018).
Hypertension management in diabetes: 2018 update. Diabetes
Spectrum: A Publication of the American Diabetes Association, 31(3),
218-224.

Patel, S. M., Cobb, P., Saydah, S., Zhang, X., de Jesus, J. M., & Cogswell,
M. E. (2015). Dietary sodium reduction does not affect circulating
glucose concentrations in fasting children or adults: Findings from
a systematic review and meta-analysis. Journal of Nutrition, 145(3),
505-513.

Peng, Y.-G., Li, W., Wen, X.-X., Li, Y., Hu, J.-H., & Zhao, L.-C. (2014).
Effects of salt substitutes on blood pressure: A meta-analysis
of randomized controlled trials. The American Journal of
Clinical Nutrition, 100(6), 1448-1454. https://doi.org/10.3945/
ajcn.114.089235

Petrie, J. R., Guzik, T. J., & Touyz, R. M. (2018). Diabetes, hypertension,
and cardiovascular disease: Clinical insights and vascular mecha-
nisms. The Canadian Journal of Cardiology, 34(5), 575-584.

Picot, J., Hartwell, D., Harris, P, Mendes, D., Clegg, A. J., & Takeda, A.
(Eds.). (2012). The preferred reporting items for systematic reviews
and meta-analyses checklist. In The effectiveness of interventions to
treat severe acute malnutrition in young children: A systematic review.
NIHR Journals Library.

Saeedi, P., Petersohn, |, Salpea, P., Malanda, B., Karuranga, S., Unwin,
N., Colagiuri, S., Guariguata, L., Motala, A. A., Ogurtsova, K., Shaw,
J. E., Bright, D., Williams, R., & IDF Diabetes Atlas Committee.
(2019). Global and regional diabetes prevalence estimates for 2019
and projections for 2030 and 2045: Results from the international
diabetes Federation diabetes atlas. Diabetes Research and Clinical
Practice, 157, 107843.

Smyth, A., Griffin, M., Yusuf, S., Mann, J. F. E., Reddan, D., Canavan, M.,
Newell, J., & O'Donnell, M. (2016). Diet and major renal outcomes:
A prospective cohort study. The NIH-AARP diet and health study.
Journal of Renal Nutrition, 26(5), 288-298.

Suckling, R. J., He, F. J., Markandu, N. D., & MacGregor, G. A. (2016).
Modest salt reduction lowers blood pressure and albumin
excretion in impaired glucose tolerance and type 2 diabetes
mellitus: A randomized double-blind trial. Hypertension, 67(6),
1189-1195.

Tabara, Y., Takahashi, Y., Kumagai, K., Setoh, K., Kawaguchi, T., Takahashi,
M., Muraoka, Y., Tsujikawa, A., Gotoh, N., Terao, C., Yamada, R.,
Kosugi, S., Sekine, A., Yoshimura, N., Nakayama, T., Matsuda, F., &
Nagahama Study Group. (2015). Descriptive epidemiology of spot
urine sodium-to-potassium ratio clarified close relationship with
blood pressure level: The Nagahama study. Journal of Hypertension,
33(12), 2407-2413.

Thomas, M. C., Moran, J., Forsblom, C., Harjutsalo, V., Thorn, L., Ahola,
A., Wadén, J., Tolonen, N., Saraheimo, M., Gordin, D., Groop, P. H.,
& FinnDiane Study Group. (2011). The association between dietary
sodium intake, ESRD, and all-cause mortality in patients with type
1 diabetes. Diabetes Care, 34(4), 861-866.

Trevisan, R., Bruttomesso, D., Vedovato, M., Brocco, S., Pianta, A.,
Mazzon, C., Girardi, C., Jori, E., Semplicini, A., Tiengo, A., & Del
Prato, S. (1998). Enhanced responsiveness of blood pressure to
sodium intake and to angiotensin Il is associated with insulin re-
sistance in IDDM patients with microalbuminuria. Diabetes, 47(8),
1347-1353.

Tuck, M., Corry, D., & Trujillo, A. (1990). Salt-sensitive blood pressure
and exaggerated vascular reactivity in the hypertension of diabe-
tes mellitus. The American Journal of Medicine, 88(3), 210-216.

Vedovato, M., Lepore, G., Coracina, A., Dodesini, A. R., Jori, E., Tiengo,
A., del Prato, S., & Trevisan, R. (2004). Effect of sodium intake on
blood pressure and albuminuria in type 2 diabetic patients: The
role of insulin resistance. Diabetologia, 47(2), 300-303.

85UB01 T SUOIWIOD BA11e81D) 9|qeot(dde 8y} Aq peuenob e Sepoie YO 8sN JO SajnJ 10} ARIq1T8UIUO AS]IAN UO (SUOTHIPUOD-PUE-SWIB)/I0O™AB | 1M Afe.d] U [UO//:SdnL) SUOIPUOD PUe SWiB | 8U1 89S *[Z0z/80/TT] U0 AkigiTauljuo A8]iM ‘(ouleAnge ) aqnopesy Aq ZTzZE €US}/Z00T 0T/I0p/ioo™Aa|im Al ijeuluo//sdny woij pspeojumod ‘v ‘€202 ‘LLT.8V0C


https://doi.org/10.3945/ajcn.114.089235
https://doi.org/10.3945/ajcn.114.089235

GHOLIZADEH-MOGHADDAM ET AL.

Wenstedt, E. F. E., Rorije, N. M. G., Olde Engberink, R. H. G., van der
Molen, K. M., Chahid, Y., Danser, A. H. J., van den Born, B.-J. H., &
Vogt, L. (2020). Effect of high-salt diet on blood pressure and body
fluid composition in patients with type 1 diabetes: Randomized
controlled intervention trial. BMJ Open Diabetes Research & Care,
8(1), e001039.

Yokokawa, H., Yuasa, M., Nedsuwan, S., Moolphate, S., Fukuda, H.,
Kitajima, T., Minematsu, K., Tanimura, S., & Marui, E. (2020). An
impact of dietary intervention on blood pressures among diabetic
and/or hypertensive patients with high cardiovascular disorders
risk in northern Thailand by cluster randomized trial. Journal of
General and Family Medicine, 22(1), 28-37.

—Wl LEyw

How to cite this article: Gholizadeh-Moghaddam, M.,
Shahdadian, F., Shirani, F., Hadi, A., Clark, C. C. T., & Rouhani,
M. H. (2023). The effect of a low versus high sodium diet on
blood pressure in diabetic patients: A systematic review and
meta-analysis of clinical trials. Food Science & Nutrition, 11,
1622-1633. https://doi.org/10.1002/fsn3.3212

85UB01 T SUOIWIOD BA11e81D) 9|qeot(dde 8y} Aq peuenob e Sepoie YO 8sN JO SajnJ 10} ARIq1T8UIUO AS]IAN UO (SUOTHIPUOD-PUE-SWIB)/I0O™AB | 1M Afe.d] U [UO//:SdnL) SUOIPUOD PUe SWiB | 8U1 89S *[Z0z/80/TT] U0 AkigiTauljuo A8]iM ‘(ouleAnge ) aqnopesy Aq ZTzZE €US}/Z00T 0T/I0p/ioo™Aa|im Al ijeuluo//sdny woij pspeojumod ‘v ‘€202 ‘LLT.8V0C


https://doi.org/10.1002/fsn3.3212

	The effect of a low versus high sodium diet on blood pressure in diabetic patients: A systematic review and meta-­analysis of clinical trials
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Search strategy
	2.2|Inclusion and exclusion criteria
	2.3|Data extraction
	2.4|Quality assessment
	2.5|Statistical analysis

	3|RESULTS
	3.1|Literature search result
	3.2|Study characteristics
	3.3|Quality assessment
	3.4|Effect of a low-­sodium diet on SBP
	3.5|Effect of a low-­sodium diet on DBP
	3.6|Effect of low-­sodium diet on MAP

	4|DISCUSSION
	5|CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICAL APPROVAL
	REFERENCES


