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Objective: Based on biological studies, the hyperglycemic effect mediated by sodium-
glucose co-transporter 1 in the intestine is stronger for foods containing more sodium
chloride. Observational studies have demonstrated that type 2 diabetes (T2DM) incidence
increases as salt intake increases. We aimed to elucidate associations of total salt and its
sources with hemoglobin Alc (HbAlc) in patients with T2DM.

Methods: We conducted an observational study using data from a 6-month moderate low-
carbohydrate dietary intervention in 245 outpatients with T2DM (138 men) without antidia-
betic medication. Intakes of total salt and its sources, carbohydrate and total energy were
assessed at baseline and 6 months based on 3-day dietary records. Multiple regression
analyses were performed to examine associations of Atotal salt or its sources with AHbAlc.
Results: Salt intake significantly decreased in men (change: —0.92 + 3.53 g/day) but not in women
(0.11 £2.28). HbAlc (men: —1.5 + 1.6%; women: —0.9 + 1.3%), carbohydrate (men: =115+ 104 g/
day; women: —64 + 71) and total energy (men: —439 + 660 kcal/day; women: —192 + 438)
significantly decreased in both sexes. Multiple regression analysis revealed that reducing intakes of
total salt and salt from salty snacks, meat processed foods, Chinese noodles with soup and table salt
by 1.0 g was associated with decreases in HbAlc of 0.11% 1.18% 0.47% 0.38% and 0.26%,
respectively, in men, while reducing salt from miso by 1.0 g was associated with a decrease in
HbA1c of 0.30% in women. The associations were dependent on Acarbohydrate or Atotal energy in
men, while the association of Asalt from miso in women was independent of them.
Conclusion: Reducing total salt and its sources had differential associations with HbAlc.
Individual associations depended on Acarbohydrate or Atotal energy in men, while that of
salt from miso in women was independent of them.

Keywords: salt intake, dietary sodium, salt sources, carbohydrate intake, hemoglobin Alc,
low-carbohydrate diet

Introduction

People in East Asian countries consume more salt (10-12 g/day) than their Western
counterparts (7 g/day).'? This greater salt intake is the leading dietary risk for
higher blood pressure, a risk factor for cardiovascular diseases in East Asian
countries, predominantly stroke.”* Observational studies have proven that greater
salt intake increases incidences of type 2 diabetes (T2DM)>® and complications as
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well as mortality,”® but reasons are unknown. Human and
animal studies have suggested that salt intake worsens
insulin resistance, but the relationship between it and
insulin resistance is still controversial.*'* Regarding salt
intake and T2DM, a dietary survey on a civilian East
Asian population demonstrated that urinary sodium excre-
tion increased in pace with an increase in carbohydrate
intake."" Increased salt intake is closely associated with
increased intake of carbohydrate, the macronutrient with
the strongest hyperglycemic effects,'? but this was ignored
by past observational studies or reviews.*'?!*

In terms of cell biology, glucose absorption taking
place in small intestinal cells is mediated by the sodium-
glucose co-transporter 1 (SGLT1), which is driven by
sodium extrusion.'® It is theoretically possible that foods
containing more sodium chloride have a stronger hyper-
glycemic effect.

Our previous interventional study with a moderate low-
carbohydrate diet in patients with T2DM revealed that redu-
cing carbohydrate intake from Chinese soup noodles
(7 g salt) by 50 g was associated with a decrease in hemo-
globin Alc (HbAlc) of 0.82%, which was 2.5-fold greater
than that for the same reduction in carbohydrate intake from
rice (0 g salt).'® Single servings of Chinese soup noodles
have a higher sodium chloride concentration than rice.

In consideration of the above, we hypothesized that salt
intake itself might have hyperglycemic effects in the clin-
ical setting. However, quantitative information on the
direct impact of intake of salt and its sources on HbAlc
in patients with T2DM has not been reported.

HbAlc indicates the mean level of an individual’s long-
term glucose exposure and is the gold standard for long-term
glycemic control. Although HbAlc is a function of both
fasting plasma glucose (FPG) and postprandial glucose
(PPG), it has been reported that the contributions of FPG
and PPG to HbAlc differ according to HbAlc levels. The
relative contribution of PPG is predominant in fairly con-
trolled patients with T2DM, whereas the contribution of FPG
increases gradually as their disease worsens.'”'®

We, therefore, investigated associations of changes in
intake of salt and its sources with those in HbA1lc based on
data from patients with T2DM who followed a moderate
low-carbohydrate diet over 6 months in our previous
study.'® Concomitant changes in carbohydrate and total
energy intake were also considered. We additionally eval-
uated associations of changes in salt and its sources with
those in FPG. Patients taking any type of anti-diabetic

medication, which would lead to an incorrect estimate of
changes in HbAlc, were excluded.

Methods

Patients

We recruited all new Japanese outpatients with T2DM and
HbAlc levels of 6.5% or above at Haimoto Clinic from
March 2013 to June 2018. Inclusion criteria included:
patient aged from 20 to 80 years who met the National
Diabetes Data Group criteria for T2DM,'? newly or pre-
viously diagnosed patient, patient who agreed to dietary
therapy with a moderate low-carbohydrate for 6 months
without anti-diabetic medication. Exclusion criteria
included: taking any type of oral hypoglycemic agent,
insulin or steroid hormone from 3 months before baseline
that would impact HbAlc levels; following strict carbohy-
drate restriction at baseline based on commercial diet
therapies such as the Atkins diet; serum creatinine levels
greater than 2.0 mg/dl (176.8 umol/l), ketoacidosis, soft
drink ketosis, cancer or decompensated liver cirrhosis.

Of 159 eligible Japanese male outpatients, 2 declined to
participate, 9 were voluntarily lost to follow-up, 1 moved, 4
did not report dietary information, and 3 suffered from cancer
and 2 took anti-diabetic medications during the study period.
Thus, 138 male patients were investigated. Of 117 eligible
Japanese female outpatients, 3 declined to participate, 5 were
voluntarily lost to follow-up, 1 suffered from cancer and 1
took anti-diabetic medications during the study period. Thus,
107 female patients were investigated. The average age of
patients remaining for the analysis was 60.0 + 11.0 years in
men (range: 26—78) and 61.8 + 10.4 years in women (range:
34-80). Among them, 46% of the male and 45% of the
female patients took anti-hypertensive medications, and
22% of the male and 36% of the female patients took lipid-
lowering medications.

After obtaining written informed consent, patients were
followed up for 6 months. The study was conducted in
accordance with the Declaration of Helsinki, and the pro-
tocol was approved by the Ethics Committee of Aichi
Shukutoku University (Approval number: 2020-3). It
was registered in University Hospital Medical Network
(UMINO000009866) before its start.

Sources of Salt from Various Foods

Salt-rich foods were divided into 11 groups: soy sauce,
table salt, miso (soybean paste fermented long-term with
salt), Chinese noodles, Chinese noodles with soup, udon
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(thick white wheat noodles), bread, fish and roe processed
foods, meat processed foods, salty snacks and pickled
vegetables, according to the Japanese food composition
table Data were shown as salt equivalent [1g salt (sodium
chloride) = sodium (mg) x 2.54/1000].

Moderate Low-Carbohydrate Diet,
Dietary Records and HbAlc

The main principles of our moderate low-carbohydrate
diet are as follows: first, to calculate carbohydrate intake
from 3-day dietary records at baseline; second, to reduce
carbohydrate intake according to patients’ baseline
HbAlc levels.”® Based on the results of our previous
studies,'®?% 2% patients were divided into 3 groups
according to their baseline HbAlc: < 7.4%, 7.5-8.9%
and > 9.0%. Patients with HbAlc levels < 7.4% were
instructed to reduce carbohydrate intake by about 70 g,
those with levels 7.5-8.9% were instructed to reduce
carbohydrate intake by about 120 g and those with levels
> 9.0% to reduce carbohydrate intake by about 170
g. Patients were recommended to eat an amount of fat
corresponding to the decrease in energy due to the
reduced carbohydrate intake. A dietician (SW, Shio
Watanabe) gave instructions to all participants twice
during the first month and once a month thereafter.

We left salt intake up to patients, not instructing them
to reduce or increase intake of salt and its sources.

The target HbAlc levels were based on the guidelines
of the American Diabetes Association.'® Patients were
requested to maintain their usual level of physical activity
throughout the study.

Dietary Records and Clinical Assessment
Intakes of total salt and its sources, carbohydrate and other
macronutrients were assessed at baseline and 6 months
based on 3-day dietary records. Patients were requested
to record dietary intakes on 3 non-consecutive days: 2
weekdays and a holiday. Additional information was
obtained in an interview with a dietitian. Dietary intakes
were computed from the dietary records using the Healthy
Maker Pro 501
Japan). Intakes of nutrients and energy were estimated

software (Mushroomsoft, Okayama,
using the Standard Tables of Food Composition in Japan
(8th edition, 2020).

Blood pressure was measured by nurses using an upper
arm cuff oscillometric blood pressure device (HBP-9020;
Omron, Kyoto, Japan), in a sitting position after 3 min of

rest. Body weight was determined using an electronic
scale while patients were wearing only underwear. Body
mass index (BMI) was calculated by dividing weight in
kilograms by the square of height in meters. We measured
the BMI, blood pressure and HbAlc level of each patient
every month. Venous blood samples were obtained after an
overnight (12-h) fast at baseline and 6 months for the
determination of fasting plasma glucose (FPQG), fasting
serum insulin, triglycerides, LDL (low-density lipopro-
tein)-cholesterol and HDL (high-density lipoprotein)-
cholesterol.

Laboratory Methods

HbAlc levels were measured by high-performance liquid
chromatography (Arkley Co., Kyoto, Japan) and presented
as National Glycohemoglobin Standardization Program
(NGSP) values (%). Fasting plasma glucose concentra-
tions were determined using enzymatic methods (Shino-
Test Co., Kanagawa, Japan). Fasting serum insulin levels
were measured using the standard double antibody radio-
immunoassay method (Fujirebio Inc., Tokyo, Japan).
Enzymatic methods were used to measure serum triglycer-
ide concentrations (Daiichi Pure Chemicals Co., Tokyo,
Japan). Direct methods were used to assay serum LDL-
cholesterol and HDL-cholesterol levels (Daiichi Pure
Chemicals Co., Tokyo, Japan).

Statistical Analysis

Changes in HbAlc, BMI, cardiovascular risk factors, total
salt and its sources, total carbohydrate and other macro-
nutrients (A) were defined as the level after 6 months
minus the baseline level. To evaluate the changes, the
Wilcoxon test or its parametric version (paired -test) was
used, depending on their distributions.

We also conducted stratified analysis by tertile of
reduction in carbohydrate intake (AC1-C3-patients) to
evaluate more detailed associations of changes in total
salt intake with those of HbAlc, considering changes in
carbohydrate or energy intake.

Multiple regression analyses with adjustment for age
plus ABMI (Model 1) or age, ABMI plus Atotal carbohy-
drate (Model 2) or age, ABMI plus Atotal energy (Model 3)
were performed to examine associations of Atotal salt or
Asalt from sources with AHbAlc. We additionally con-
ducted the Model 1-3 analyses to examine associations of
Atotal salt or Asalt from sources with AFPG.
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P values less than 0.05 were considered statistically
significant. Data are shown as mean + SD. All statistical
analyses were performed using SPSS (version 25.0).

Results
Changes in HbAlc and Other

Cardiovascular Risk Factors During 6
Months in Both Sexes

Compared to baseline, the mean HbAlc levels signifi-
cantly decreased over 6 months in both sexes, by 1.5 +
1.6% from 8.3 + 1.7% at baseline in men, and by 0.9 +
1.3% from 7.8 = 1.5% at baseline in women (Table 1).

The mean systolic and diastolic blood pressure also
significantly decreased in both sexes. The mean BMI,
plasma glucose levels, fasting insulin levels, serum LDL-
cholesterol, HDL-cholesterol and triglyceride levels sig-
nificantly improved in both sexes (Table 1).

Changes in Intakes of Total Salt and Its
Sources, Carbohydrate, Total Energy and
Other Macronutrients During 6 Months
in Men

The mean total salt and carbohydrate intakes significantly
decreased over 6 months, by 0.92 + 3.53 g/day, from 10.58
+ 3.08 g/day at baseline and by 115 + 104 g/day, from 285
+ 94 g/day at baseline, respectively (Table 2). The mean
total energy intake significantly decreased, by 439 + 660

kcal/day, from 2285 + 753 kcal/day at baseline, whereas
mean fat intake significantly increased and changes in
protein intake were not significant.

As for salt sources, salt intake from Chinese noodles
with or without soup, bread and salty snacks significantly
decreased, while salt intake from meat processed foods
significantly increased (Table 2).

Multiple regression analysis revealed that total salt
intake decreased in pace with reductions in carbohydrate
intake and reducing total carbohydrate intake by 10.0
g was associated with a decrease in total salt intake of
0.13 g (B =0.13, SE = 0.03, P < 0.001 adjusted for age).

Changes in Intakes of Total Salt and Its
Sources, Carbohydrate, Energy and
Other Macronutrients During 6 Months

in Women
Over 6 months, the mean change in total salt intake, from
8.93 £ 1.99 t0 9.03 + 2.05 g/day, was not significant, whereas
mean total carbohydrate intake significantly decreased, by 64
+ 71 g/day, from 230 £ 67 to 166 + 43 g/day (Table 2).
The mean total energy intake significantly decreased,
by 192 + 438 kcal/day, from 1745 + 431 kcal/day, and fat
intake significantly increased, but changes in protein
intake were not significant (Table 2). These results were
similar to those for men. Regarding salt sources, salt
from bread and salty snacks significantly decreased
(Table 2).

Table | Hemoglobin Alc and Cardiovascular Risk Factors at Baseline and Their Changes During 6 Months by Sex

Men (n = 138) Women (n = 107)

Baseline 6 Months Changes P Baseline 6 Months Changes P
Age 60.0+ 11.0 61.8+ 104
Duration of diabetes (month) 269 +52.8 232 +51.3
Body mass index (kg/m?) 255+35 | 247 34 —08+ 12 | <0.001 | 25.1 +4.1 243 + 40 —08=+ 1.3 < 0.001
Hemoglobin Alc (%) 83+ 17 6.7 £0.7 -1.5+1.6 | <0.00l 78+ 1.5 6.9 +0.7 09+ 1.3 < 0.001
Hemoglobin Alc (mmol/mol) 66.7+183 | 500+80 | —167+£172 | <000l | 618+ 169 | 51676 | —102+ 140 | <0.00]
Plasma glucose levels (mmol/l) 816205 | 699+128 | —1.17+1.72 | <0.001 | 766 244 | 677 £ 1.39 | -094 .72 | <0.001l
Fasting insulin levels (pmol/l) 524 %324 | 457 £31.2 | 67235 | <0.001 | 584 +423 | 53.3+£43.7 | —5.1 £29.0 0.014
LDL-cholesterol (mmol/l) 342+091 | 324+0.78 | —0.18 +0.96 | 0.030* | 347 +0.80 | 3.18 £0.75 | —0.28 £ 0.85 0.001
HDL-cholesterol (mmol/l) 130028 | 1.42£031 | 013023 | <0.001 | I.53£039 | 1.63£036 | 0.10+0.23 | <0.00]
Triglycerides (mmol/l) 183+244 | 1.39+1.06 | 044+ 189 | <0.00l | 149091 | 1.26 +0.76 | —0.23 + 0.63 0.001
Systolic blood pressure (mmHg) 140 = 20 132 £ 13 -8+ 18 <0.001 138 £ 17 127 £ 10 1017 < 0.001
Diastolic blood pressure (mmHg) 84+ 13 8l +11 -3+ 14 0.001 79 £ 11 74+ 8 =S+l <0.001*
Anti-hypertensive medications 46% 45%
Lipid-lowering medications 22% 36%

Notes: Change was defined as the level after 6 months minus the level at baseline. *Paired t-test was used, and Wilcoxon test was used for the others.

Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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Table 2 Changes in Macronutrients, Total Salt and Its Sources at Baseline and Their Changes During 6 Months by Sex

Men (n=138) Women (n=107)
Baseline 6 Months Changes P Baseline 6 Months Changes P
Total energy (kcal) 2285 + 753 | 1846 £ 521 | —439 £ 660 | <0.001 | 1745 £ 431 | 1553 £342 | —192 +438 | <0.00I
Carbohydrate (g/day) 285 + 94 170 £+ 58 —115+ 104 | <0.00l 230 + 67 166 + 43 —64 7| < 0.001
% Carbohydrate 508+£97 | 378+ 115|130+ 113 | <000l | 526 +77 | 43593 -9.1 £9.7 | <0.00l
Protein (g/day) 80 + 24 82 + 28 2+26 0.797 68 + 15 70 + 18 319 0.180
% Protein 142 £ 24 17.7 £33 35+37 < 0.001 158 £ 2.5 182 29 24 +33 < 0.001
Fat (g/day) 70 + 30 76 + 32 6+ 33 <0.001 58 + 21 64 + 23 6 %23 0.022
% Fat 273+70 36.5+96 92+ 104 | <0.001 | 298 +6.9 362 +80 6.5+ 85 < 0.001
Total salt intake (g/day) 10.58 + 3.08 | 9.65 +2.83 | —0.92 £3.53 | 0.003* | 893+ 199 | 9.03 +2.05 | 0.10 £228 | 0.635*
Salt by source (g/day)
Soy sauce 253 £ 1.21 | 235+ 1.20 | -0.19 = |51 0228 | 2.06 £ 1.03 | 221 £ 1.05 | 0.14 + .38 0.232
Table salt 1.85+094 | 1.78 +0.97 | —0.08 £1 .20 | 0.552 1.59 £0.77 | 1.56 +0.77 | —0.03 £ 0.9 0.378
Miso 1.03+£083 | 090 +0.73 | -0.14+098 | 0246 | 099 +0.82 | 1.07 £0.86 | 0.09 + 0.99 0.097
Chinese noodles 053 £ 1.05 | 023 +049 | -030 % .11l 0.003 | 024 +£0.67 | 0.14£0.35 | —0.10 £ 0.77 | 0.625
Chinese noodles with soup 1.17 £ 1.78 | 0.65 £ 1.08 | —0.53 = 1.91 0.006 | 051 +1.04 | 029 £0.65 | —022 £ 1.27 | 0.188
Udon 032 +084 | 0.17+043 | -0.14 £ 0.8l 0.109 | 0.13+£0.28 | 0.19 £0.45 | 0.06 + 0.52 0.646
Bread 0.63 £ 0.54 | 0.51 +050 | -0.12 £0.53 | 0.005 | 0.68 +0.53 | 0.57 £+ 0.46 | —0.11 £0.59 | 0.035
Fish and roe processed foods | 0.75 + 0.66 | 0.74 £ 0.73 | 0.00 = 1.00 0.579 | 0.55 +0.50 | 0.69 £ 0.59 | 0.14 £0.78 0.053
Meat processed foods 0.52 £ 048 | 0.68 +059 | 0.17 + 0.6l 0.002 | 0.37 £ 041 | 043 £ 041 | 0.06 £ 0.52 0.152
Salty snacks 0.10 £0.22 | 0.03 +£0.08 | -0.06 £0.22 | 0.004 | 0.12+ 024 | 0.04 £0.09 | —0.08 + 0.25 | 0.001
Pickled vegetables 0.38 £ 0.50 | 044 + 0.64 | 0.06 +0.75 0.893 | 0.27 £+ 044 | 032 £ 045 | 0.05 £ 0.56 0.362

Notes: Change was defined as the level after 6 months minus the level at baseline. *Paired t-test was used, and Wilcoxon test was used for the others.

Total salt intake decreased in pace with reductions in
carbohydrate intake and reducing total carbohydrate intake
by 10.0 g was associated with a decrease in total salt intake
of 0.13 g (B =0.13, SE = 0.03, P < 0.001 adjusted for age).

Associations of Changes in Total Salt Intake
with Changes in HbAlc (%) in All Patients
and Patients by Tertile of Reductions in
Carbohydrate Intake by Sex

In men, Model 1 multiple regression analysis indicated
a positive, significant correlation with AHbAlc for Atotal
salt intake and reducing total salt by 1.0 g was correlated
with a HbAlc decrease of 0.11% in all patients. With the
adjustment in Model 2 or Model 3, the significant correla-
tion disappeared (Table 3).

Total carbohydrate intake significantly changed from base-
line, by —16 + 42 g/day in ACl-patients (n = 46, P = 0.007),
—106 + 19 g/day in AC2-patients (n =46, P <0.001) and —224
+ 91 g/day in AC3-patients (n =46, P <0.001). The change in
total salt intake was greatest and significantly different in AC3-
patients (—2.31 +4.09 g/day, P=0.001), but not in AC1 (-0.21
+ 2.50 g/day, P = 0.369) or AC2-patients (—0.23 =+ 3.50 g/day,
P = 0.394). The stratified analysis according to Model 1

indicated a positive, significant correlation of Atotal salt intake
with AHbAlc in AC3-patients, but not in AC1 or AC2-
patients. With the adjustment in Model 2 or Model 3, the
significant correlation disappeared (Table 3).

In women, Model 1, Model 2 or Model 3 multiple
regression analysis indicated no significant correlation of
Atotal salt intake with AHbAlc in all patients (Table 3).
Total carbohydrate intake changed from baseline, not sig-
nificantly by =5 + 25 g/day in ACl-patients (n = 36, P =
0.694), and significantly by —56 + 16 g/day in AC2-
patients (n = 36, P < 0.001) and —142 + 59 g/day in AC3-
patients (n=35, P <0.001). Reductions in total salt intake
were significant in AC3-patients (—0.99 + 1.89 g/day, P =
0.005), but not in AC1 (1.32 £+ 2.13 g/day, P = 0.001) or
AC2-patients (—0.04 + 2.22 g/day, P = 0.915). The strati-
fied analysis according to Model 1, Model 2 or Model 3
indicated no significant correlation of Atotal salt intake
with AHbAlc in AC1, AC2 or AC3-patients (Table 3).

Associations of Changes in Salt from
Sources with Changes in HbAlc (%) in Men

Model 1 analysis indicated positive, significant correlations
with AHbAlc for Asalt from salty snacks, meat processed
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Table 3 Associations of Changes in Total Salt Intake with Changes in Hemoglobin Alc (%) in All Patients and Patients by Tertile of

Reductions in Carbohydrate Intake by Sex

Regression Model
Model | Model 2 Model 3
P SE P ] SE P B SE P

Men

All patients (n = 138) 0.107 0.035 0.003 0.024 0.033 0.466 0.025 0.039 0.520

ACl-patients (n = 46) 0.019 0.032 0.561 0.019 0.033 0.566 0.023 0.033 0.490

AC2-patients (n = 46) —-0.052 0.052 0.326 —0.045 0.052 0.401 —-0.035 0.058 0.549

AC3-patients (n = 46) 0.168 0.023 0.010 0.102 0.072 0.162 0.130 0.079 0.107
Women

All patients (n = 107) 0.070 0.051 0.176 —0.032 0.049 0.524 -0.019 0.056 0.734

AC|-patients (n = 36) -0.003 0.030 0912 -0.026 0.032 0.423 —-0.008 0.036 0.815

AC2-patients (n = 36) —-0.072 0.075 0.344 -0.077 0.075 0.314 -0.075 0.078 0.343

AC3-patients (n = 35) 0.047 0.028 0.109 0.039 0.145 0.204 1.96x10°* 0.150 1.000

Notes: Model I: adjusted for age plus Abody mass index (BMI). Model 2: adjusted for age, ABMI plus Acarbohydrate (g/day). Model 3: adjusted for age, ABMI plus Atotal
energy (kcal). ACI - 3 patients: Patients were stratified by tertile of reductions in carbohydrate intake. In men, reduction in carbohydrate intake was greatest in AC3-patients
(224 £ 91 g/day) followed by AC2-patients (106 * |9 g/day) and ACI-patients (16 * 42 g/day) in descending order. In women, reduction in carbohydrate intake was greatest
in AC3-patients (142 + 59 g/day) followed by AC2-patients (56 + 16 g/day) and AC|-patients (5 * 25 g/day) in descending order.

Abbreviation: SE, standard error.

foods, Chinese noodles with or without soup and table salt
(Table 4). Reducing them by 1.0 g was correlated with
HbAlc decreases of 1.18%, 0.47%, 0.23%, 0.38% and
0.26%, respectively. This analysis also indicated an inverse,
significant correlation with AHbAlc for Asalt from udon.
With the adjustment in Model 2, the significant correlations
disappeared for Asalt from all sources (Table 4). With the

adjustment in Model 3, most significant correlations

disappeared, but a significant correlation remained for Asalt
from Chinese noodles with or without soup.

Associations of Changes in Salt from
Sources with Changes in HbAlc (%) in

Women
The only positive correlation of AHbAlc was with Asalt
from miso in Model 1 analysis (Table 5), and reducing salt

Table 4 Associations of Changes in Salt from Sources with Changes in Hemoglobin Alc (%) in Men (n = 138)

Salt by Sources Regression Model
Model | Model 2 Model 3
B SE P B SE P B SE P

ASoy sauce 0.063 0.086 0.466 —0.036 0.073 0.624 —0.065 0.083 0.432
ATable salt 0.258 0.105 0.016 0.062 0.094 0.516 0.103 0.105 0.330
AMiso —0.094 0.135 0.481 —0.024 0.112 0.931 —0.148 0.123 0.231
AChinese noodles 0.383 0.117 0.001 0.155 0.107 0.148 0.246 0.115 0.034
AChinese noodles with soup 0.229 0.067 0.001 0.099 0.061 0.109 0.144 0.066 0.032
ABread 0.419 0.238 0.080 —0.001 0.210 0.996 0.196 0.226 0.386
AUdon —-0.347 0.154 0.026 -0.215 0.131 0.104 -0.273 0.143 0.059
AFish and roe processed foods 0.031 0.129 0.808 0.044 0.108 0.684 —0.031 0.119 0.797
AMeat processed foods 0.470 0.205 0.024 0.291 0.175 0.100 0.159 0.205 0.439
ASalty snacks 1.177 0.569 0.040 0.819 0.482 0.091 0.987 0.527 0.063
APickled vegetables 0.137 0.173 0.429 0.064 0.146 0.661 0.134 0.159 0.403

Notes: The change in hemoglobin Alc and total salt and its sources (A) was defined as the level after 6 months minus the level at baseline. Model |: adjusted for age plus
Abody mass index (BMI). Model 2: adjusted for age, ABMI plus Acarbohydrate (g/day). Model 3: adjusted for age, ABMI plus Atotal energy (kcal).

Abbreviation: SE, standard error.
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Table 5 Associations of Changes in Salt from Sources with Changes in Hemoglobin Alc (%) in Women (n = 107)

Salt by Sources Regression Model
Model | Model 2 Model 3
B SE P B SE P B SE P

ASoy sauce 0.010 0.085 0.908 —0.703 0.076 0.343 —0.046 0.082 0.573
ATable salt —0.057 0.129 0.662 —0.041 0.114 0.722 —0.142 0.123 0.252
AMiso 0.303 0.116 0.010 0.230 0.104 0.029 0.257 0.111 0.023
AChinese noodles —0.002 0.157 0.991 —0.104 0.139 0.459 0.020 0.149 0.891
AChinese noodles with soup —0.054 0.096 0.576 —0.086 0.084 0.307 —0.041 0.091 0.655
ABread 0.291 0.197 0.144 0.191 0.176 0.280 0.215 0.188 0.257
AUdon 0.238 0.225 0.294 -0.103 0.209 0.822 0.090 0.218 0.680
AFish and roe processed foods —0.081 0.153 0.596 —0.096 0.134 0.479 —0.181 0.146 0217
AMeat processed foods —0.052 0.227 0.820 —0.182 0.200 0.366 —-0.312 0.222 0.163
ASalty snacks 0918 0.473 0.055 0.161 0.449 0.722 0.747 0.452 0.101
APickled vegetables 0.107 0.208 0.608 0.209 0.184 0.257 0.228 0.198 0.254

Notes: The change in hemoglobin Alc and total salt and its sources (A) was defined as the level after 6 months minus the level at baselineModel |: adjusted for age plus
Abody mass index (BMI). Model 2: adjusted for age, ABMI plus Acarbohydrate (g/day). Model 3: adjusted for age, ABMI plus Atotal energy (kcal).

Abbreviation: SE, standard error.

from miso by 1.0 g was correlated with a decrease in
HbAlc of 0.30%. The significant correlation of Asalt
from miso remained in Model 2 and Model 3.

Associations of Changes in Total Salt and
Its Sources with Changes in Fasting

Plasma Glucose in Both Sexes

Additional multiple regression analysis was performed to
assess associations of Atotal salt and its sources with
AFPG (mmol/l).

In men, Model 1 analysis indicated no significant asso-
ciation for Atotal salt or Asalt from sources. Model 2 and 3
analyses produced the same results. In women, Model 1
analysis indicated no significant association for Atotal salt,
but positive and significant associations for Asalt from
salty snacks (B = 1.94, SE = 0.63, P = 0.003) and Asalt
from miso (B = 0.38, SE = 0.16, P = 0.018). With the
adjustment in Model 2 or 3, the significant correlation
disappeared for Asalt from salty snacks, but the significant
correlation of Asalt from miso remained.

Discussion

The current study showed that: (1) Total salt intake sig-
nificantly decreased in male but not in female patient; (2)
Reducing total salt by 1.0 g was associated with a decrease
in HbAlc of 0.11% in men; (3) Reducing salt from indi-
vidual sources by 1.0 g had differential associations with

HbAlc; (4) The associations with AHbAlc were

dependent on Acarbohydrate or Atotal energy intake in
men, but independent of them for Asalt from miso in
women.

The biological plausibility of foods containing more
sodium chloride having a stronger hyperglycemic effect
mediated by SGTL-1 in the intestine'> was not proven in
this study. This is explained in the following.

First, there was only a positive correlation in male AC3-
patients, whose reductions in total salt and carbohydrate were
greatest. Statistically, there was more inter-individual varia-
tion in Acarbohydrate and greater reductions in total salt were
associated with greater reductions in carbohydrate, resulting
in a stronger correlation of reduction in total salt with
decrease in HbAlc. In contrast, since the effects of
Acarbohydrate were limited in AC1 and AC2-patients due
to smaller inter-individual variation, associations of Atotal
salt with AHbA 1¢ were minimal. Second, the positive corre-
lation of Atotal salt or Asalt from sources disappeared with
adjustment for Acarbohydrate. Third, the regression coeffi-
cient was smaller for Chinese noodles with soup (containing
7 g salt) than Chinese noodles without soup (containing 3
g salt) although the two sources included the same amount of
carbohydrate and the salt content of the former was 2-fold
higher than that of the latter.

There were reductions in total energy intake of 10—
20% during the study period. The reduction in total
energy was due to reduction in carbohydrate intakes
because only these intakes decreased; mean fat intakes

increased and mean protein intakes did not change
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during the study period in both sexes. This is the reason
why the Model 2 and Model 3 analyses produced the
same results for the association of Atotal salt and Asalt
from 4 sources (table salt, udon, meat processed foods
and salty snacks) in men. Moreover, the associations of
Asalt from Chinese noodles with or without soup were
also dependent on Atotal carbohydrate intake and inde-
pendent of Atotal energy intake in men. Thus, the above
suggests that Atotal carbohydrate intake has a dominant
effect on AHbAlc over Atotal energy intake for Asalt
from these 6 sources. On the other hand, the results for
Asalt from miso in women were somewhat conflicting.
The association was independent of either Atotal carbo-
hydrate or Atotal energy. On the basis of the purpose,
design and results of this study, it is difficult to resolve
whether carbohydrate or energy plays the dominant role
in the effect on HbAlc, but even so, the result for salt
from miso in women was unique among the salt sources.
There were sex differences in the association of reduc-
tions in total salt intake with decreases in HbAlc. According
to the results of a recent health survey in Japan,® men
consume more carbohydrate and salt than women, which
was also found in the present study. As we noted in our
previous paper,'® higher carbohydrate and salt intakes at
baseline would result in larger decreases in carbohydrate
and salt, which could lead to bigger changes in HbAlc.
Compared with male patients, female patients had lower
total salt and carbohydrate intakes and exhibited lower
HbAlc levels at baseline. Also, a lack of change in total
salt intake was accompanied by lower reductions in carbohy-
drate intake and HbA 1¢ changed less during the study period.
This explains why Atotal salt was not correlated with
AHbAIlc in female patients. We should pay attention to
male AC3-patients, men with a mean age of 54 years and
the highest salt and carbohydrate intakes and HbAlc.
Among our results, that for salt from miso in women
was unexpected and of greater interest than those for other
salt sources. Miso (soybean paste fermented long-term
with salt) is a salty condiment and ranked third for salt
consumption in this study. Reducing salt from miso by 1.0
g was correlated with a decrease in HbAlc of 0.30% in
female patients and, notably, the association was indepen-
dent of reductions in total carbohydrate or total energy.
The association was not found in men. These results
suggest that consumption of miso has detrimental effects
on glucose metabolism in women, which seems inconsis-
tent with previous studies finding that soy-based food and
its components prevent the development of T2DM?>*?* and

is associated with reduced insulin resistance in Japanese
populations.?®?” In addition, soy products are rich sources
that
Estrogen has beneficial effects on glucose homeostasis

of isoflavones structurally resemble estrogen.
and prevention of diabetes, and several trials have sug-
gested that menopausal hormone therapy reduces the inci-
dence of T2DM in women.”® The average age of our
female patients was 61.8 + 10.4 years old, and most of
them were postmenopausal. On the other hand, dietary soy
isoflavones have been reported to inhibit the effects of
estrogen in the postmenopausal breast.”” Thus, it is also
possible that isoflavones have adverse effects on glucose
metabolism in postmenopausal women and in this regard,
a cohort study reported that soy intake was positively
associated with the risk of diabetes.” In any case, further
studies are required to clarify the effects of a soy product
like miso on glucose metabolism.

Our findings for salt from salty snacks and udon in men
were also highly interesting, so we should address them in
the future. Reducing salt intake from salty snacks by 1.0
g was associated with a decrease in HbAlc of 1.18% in
men, which was the greatest among salt sources. This was
in spite of the fact that the reduction of salt from salty snacks
was the smallest among salt sources. Having the greatest
decreases in HbAlc would be reasonable and is explained
by the following: single servings of popular Japanese salty
snacks contain quite small amounts of salt (about 1.0 g) but
have higher carbohydrate contents (about 30-75g). Our pre-
vious study revealed that reducing carbohydrate from snacks
by 50 g was associated with a decrease in HbA 1¢ of 0.88%."°
Reducing salt from udon by 1.0 g was associated with an
increase in HbAlc of 0.35%, in contrast to other salt sources,
in men. One possible explanation for this inverse association
is instability in the regression model due to the small percen-
tage of patients who consumed udon (33%). Another possi-
ble explanation is that patients who decreased salt by
consuming less udon did not reduce other carbohydrate
sources so much. Actually, patients who decreased salt
from udon had significantly lower reductions (P = 0.043) in
carbohydrate from rice (—42.1 £ 67.9 g/day) compared to
patients who did not change or increased the amount of salt
from udon (—=67.1 = 60.3 g/day).

In the current study, while Atotal salt intake was sig-
nificantly associated with AHbAlc, there was no associa-
tion between Atotal salt intake and AFPG. As we
mentioned earlier in the Introduction section, the contribu-
tions of FPG and PPG to HbAlc differ according to

HbAlc levels. The relative contribution of PPG is
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predominant in fairly controlled patients with HbAlc
levels less than 7.3%, whereas FPG plays the major role
at HbAlc levels above 8.4%.'” Since average patient
HbAlc levels were 8.3% in men and 7.8% in women in
the current study, AFPG had less impact on AHbA1c than
APPG. This suggests that the significant associations of
Atotal salt intake with AHbA 1c were mediated by changes
in PPG.

Patients greatly and significantly reduced carbohydrate
intake and significantly increased fat intake by following
a moderate low-carbohydrate diet. Meta-analyses of many
studies have revealed that carbohydrate restriction reduces
serum triglycerides and increases HDL-cholesterol despite
a corresponding increase in fat intake, but changes in

LDL-cholesterol are controversial.®' Actually, the current

study, and our previous studies'®!*%-

produced almost
the same results. Regarding an association of Asalt intake
with Aserum lipid profiles, we found no association for
AHDL-cholesterol or ALDL-cholesterol

levels (data not shown), suggesting that salt intake does

Atriglyceride,

not affect serum lipid profiles.

The first strength of our study is elimination of patients
taking any type of anti-diabetic medication, which would
lead to incorrect estimates of HbAlc changes. Another
strength is that 3-day dietary records enabled us to evalu-
ate intakes of total salt and its sources and total
carbohydrate.

As limitations, first, this study was not designed to
directly reduce salt intake but was an observational study
based on our previous interventional study regarding
effects of reductions in carbohydrate sources on decreases
in HbAlc. Actually, there was a small reduction in total
salt intake of 0.90 g in men and no change in women.
However, focusing on individual salt sources, salt from
several of them was significantly reduced in both sexes
and reducing them had differential associations with
HbAlc. We therefore believe that our purpose was sub-
stantially achieved within the limited design of the study,
particularly with regard to patients in East Asian countries
who consume a lot of salt. Second, the regression model
would have been unstable due to the small percentages of
patients who consumed udon (33%) and salty snacks
(29%) in men and Chinese soup noodles (30%) and udon
(35%) in women. Third, there were no correlations in
patients with lower salt and carbohydrate consumption at
baseline and smaller changes in these nutrients, making
our results less valuable for patients with T2DM in

Western countries to whom this would also apply.'~?

Conclusion

Reducing total salt and its sources had differential associa-
tions with AHbAlc. However, these associations were
dependent on Acarbohydrate or Atotal energy intake in
men, but independent of either Acarbohydrate or Atotal
energy intake for Asalt from miso in women.

Abbreviations

T2DM, type 2 diabetes; HbAlc, hemoglobin Alc; SGLTI,
sodium-glucose co-transporter 1; FPG, fasting plasma glu-
cose; PPG, postprandial glucose; BMI, body mass index;
LDL, low-density lipoprotein; HDL, high-density lipoprotein.

Acknowledgments

The authors would like to thank the nurses and dieticians
at Haimoto Clinic for their assistance and excellent patient
care. This study was partly supported by a grant from
Chukyo Longevity Medical Research and Promotion
Foundation (Grant number: JP-2021030216). The study
sponsor was not involved in the design of the study; the
collection, analysis, and interpretation of data; writing the
report; or the decision to submit the report for publication.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Afshin A, Sur PJ, Fay KA, et al. Health effects of dietary risks in 195
countries, 1990-2017: a systematic analysis for the global burden of
disease  study  2017.  Lancet. 2019;393(10184):1958-1972.
doi:10.1016/s0140-6736(19)30041-8

2. Anderson CA, Appel LJ, Okuda N, et al. Dietary sources of sodium in
China, Japan, the United Kingdom, and the United States, women and
men aged 40 to 59 years: the INTERMAP study. J Am Diet Assoc.
2010;110(5):736-745. doi:10.1016/j.jada.2010.02.007

3. Mente A, O’Donnell M, Rangarajan S, et al. Urinary sodium excre-
tion, blood pressure, cardiovascular disease, and mortality: a
community-level prospective epidemiological cohort study. Lancet.
2018;392(10146):496-506. doi:10.1016/S0140-6736(18)31376-X

4. Welsh CE, Welsh P, Jhund P, et al. Urinary sodium excretion, blood
pressure, and risk of future cardiovascular disease and mortality in
subjects without prior cardiovascular disease. Hypertension. 2019;73
(6):1202-1209. doi:10.1161/HYPERTENSIONAHA.119.12726

5. Kang MS, Kim CH, Jeong SJ, Park TS. Dietary sodium intake in
people with diabetes in Korea: the Korean National Health and
Nutrition Examination Survey for 2008 to 2010. Diabetes Metab J.
2016;40(4):290-296. doi:10.4093/dm;j.2016.40.4.290

6. Radzeviciene L, Ostrauskas R. Adding salt to meals as a risk factor of
type 2 diabetes mellitus: a case—control study. Nutrients. 2017;9(1):67.
doi:10.3390/nu9010067

7. Horikawa C, Yoshimura Y, Kamada C, et al. Dietary sodium intake
and incidence of diabetes complications in Japanese patients with type
2 diabetes: analysis of the Japan Diabetes Complications Study
(JDCS). J Clin Endocrinol Metab. 2014;99(10):3635-3643.
doi:10.1210/jc.2013-4315

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

https:

4577

Dove:


https://doi.org/10.1016/s0140-6736(19)30041-8
https://doi.org/10.1016/j.jada.2010.02.007
https://doi.org/10.1016/S0140-6736(18)31376-X
https://doi.org/10.1161/HYPERTENSIONAHA.119.12726
https://doi.org/10.4093/dmj.2016.40.4.290
https://doi.org/10.3390/nu9010067
https://doi.org/10.1210/jc.2013-4315
https://www.dovepress.com
https://www.dovepress.com

Haimoto et al

Dove

8. Han S, Cheng D, Liu N, Kuang H. The relationship between diabetic risk
factors, diabetic complications and salt intake. J Diabetes Complications.
2018;32(5):531-537. doi:10.1016/j.jdiacomp.2018.02.003

9. Ekinci EI, Clarke S, Thomas MC, et al. Dietary salt intake and
mortality in patients with type 2 diabetes. Diabetes Care. 2011;34
(3):703-709. doi:10.2337/dc10-1723

10. Takagi Y, Sugimoto T, Kobayashi M, Shirai M, Asai F. High-salt
intake ameliorates hyperglycemia and insulin resistance in WBN/
Kob-Leprfa/fa Rats: a new model of type 2 diabetes mellitus.
J Diabetes Res. 2018;2018:1-9. doi:10.1155/2018/3671892

11. Oh SW, Han KH, Han SY, Koo HS, Kim S, Chin HJ. Association of
sodium excretion with metabolic syndrome, insulin resistance, and
body fat. Medicine. 2015;94(39):e1650. doi:10.1097/MD.00000
00000001650

12. Gannon MC, Nuttall FQ. Control of blood glucose in type 2 diabetes
without weight loss by modification of diet composition. Nutr Metab.
2006;3(1):16. doi:10.1186/1743-7075-3-16

13. Horikawa C, Sone H. Dietary salt intake and diabetes complications
in patients with diabetes: an overview. J Gen Fam Med. 2017;18
(1):16-20. doi:10.1002/jgf2.10

14. Kim MK. Dietary sodium intake in patients with type 2 diabetes
mellitus. Diabetes Metab J. 2016;40(4):280-282. doi:10.4093/
dmj.2016.40.4.280

15. Chen L, Tuo B, Dong H. Regulation of intestinal glucose absorption
by ion channels and transporters. Nutrients. 2016;8(1):43.
doi:10.3390/nu8010043

16. Haimoto H, Watanabe S, Maeda K, Murase T, Wakai K. Reducing
carbohydrate from individual sources has differential effects on gly-
cosylated hemoglobin in type 2 diabetes mellitus patients on moder-
ate low-carbohydrate diets. Diabetes Metab J. 2020;44:866—874.
doi:10.4093/dm;j.2020.0033.

17. Monnier L, Lapinski H, Colette C. Contributions of fasting and
postprandial plasma glucose increments to the overall diurnal hyper-
glycemia of type 2 diabetic patients: variations with increasing levels
of HbA(Ic). Diabetes Care. 2003;26(3):881-885. doi:10.2337/
diacare.26.3.881

18. Liao B, Chen Y, Chigutsa F, Piras de Oliveira C. Fasting and post-
prandial plasma glucose contribution to glycated haemoglobin and
time in range in people with type 2 diabetes on basal and bolus
insulin therapy: results from a pooled analysis of insulin lispro
clinical trials. Diabetes Obes Metab. 2021;23(7):1571-1579.
doi:10.1111/dom.14370

19. American Diabetes Association. Executive summary: standards of
medical care in diabetes—2012. Diabetes 2012;35
(Supplement 1):S4-S10. doi:10.2337/dc12-s004.

20. Haimoto H, Iwata M, Wakai K, Umegaki H. Long-term effects of
a diet loosely restricting carbohydrates on HbAlc levels, BMI and
tapering of sulfonylureas in type 2 diabetes: a 2-year follow-up study.
Diabetes Res Clin Pract. 2008;79(2):350-356. doi:10.1016/j.
diabres.2007.09.009

Care.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Publish your work in this journal

2

—_

22.

23.

24.

25.

26.

27.

. Haimoto H, Sasakabe T, Wakai K, Umegaki H. Effects of a

low-carbohydrate diet on glycemic control in outpatients with severe
type 2 diabetes. Nutr Metab. 2009;6(1):21. doi:10.1186/1743-7075-6-21
Haimoto H, Sasakabe T, Kawamura T, Umegaki H, Komeda M,
Wakai K. Three-graded stratification of carbohydrate restriction by
level of baseline hemoglobin Alc for type 2 diabetes patients with
a moderate low-carbohydrate diet. Nutr Metab. 2014;11(1):33.
doi:10.1186/1743-7075-11-33

The Ministry of Health, Labor and Welfare. National health and
nutrition survey in Japan; 2019. Available from: https://www.mhlw.
go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/rl-
houkoku 00002.html. Accessed July 30, 2021. (in Japanese)
Konishi K, Wada K, Yamakawa M, et al. Dietary soy intake is inversely
associated with risk of type 2 diabetes in Japanese women but not in
men. J Nutr. 2019;149(7):1208-1214. doi:10.1093/jn/nxz047

Li W, Ruan W, Peng Y, Wang D. Soy and the risk of type 2 diabetes
mellitus: a systematic review and meta-analysis of observational
studies. Diabetes Res Clin Pract. 2018;137:190-199. doi:10.1016/j.
diabres.2018.01.010

Ikeda K, Sato T, Nakayama T, et al. Dietary habits associated with
reduced insulin resistance: the Nagahama study. Diabetes Res Clin
Pract. 2018;141:26-34. doi:10.1016/j.diabres.2018.04.006
Nakamoto M, Uemura H, Sakai T, et al. Inverse association between
soya food consumption and insulin resistance in Japanese adults.

Public  Health  Nutr. 2015;18(11):2031-2040.  doi:10.1017/
S136898001400247X
28. Mauvais-Jarvis F, Manson JE, Stevenson JC, Fonseca VA.

29.

30.

3

—_

32.

33.

Menopausal hormone therapy and type 2 diabetes prevention: evi-
dence, mechanisms, and clinical implications. Endocr Rev. 2017;38
(3):173-188. doi:10.1210/er.2016-1146

Wood CE, Register TC, Franke AA, Anthony MS, Cline JM. Dietary soy
isoflavones inhibit estrogen effects in the postmenopausal breast. Cancer
Res. 2006;66(2):1241-1249. doi:10.1158/0008-5472.CAN-05-2067
Morimoto Y, Steinbrecher A, Kolonel LN, Maskarinec G. Soy consump-
tion is not protective against diabetes in Hawaii: the Multiethnic Cohort.
Eur J Clin Nutr. 2011;65(2):279-282. doi:10.1038/ejcn.2010.228

. Feinman RD, Pogozelski WK, Astrup A, et al. Dietary carbohydrate

restriction as the first approach in diabetes management: critical
review and evidence base. Nutrition. 2015;31(1):1-13. doi:10.1016/
j-nut.2014.06.011

Sasakabe T, Haimoto H, Umegaki H, Wakai K. Association of
decrease in carbohydrate intake with reduction in abdominal fat
during 3-month moderate low-carbohydrate diet among non-obese
Japanese patients with type 2 diabetes. Metabolism. 2015;64
(5):618-625. doi:10.1016/j.metabol.2015.01.012

Oza-Frank R, Cheng YJ, Narayan KM, Gregg EW. Trends in nutrient
intake among adults with diabetes in the United States: 1988-2004.
J Am  Diet Assoc. 2009;109(7):1173-1178.  doi:10.1016/j.
jada.2009.04.007

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy is
an international, peer-reviewed open-access journal committed to the
rapid publication of the latest laboratory and clinical findings in the
fields of diabetes, metabolic syndrome and obesity research. Original
research, review, case reports, hypothesis formation, expert opinion

and commentaries are all considered for publication. The manu-
script management system is completely online and includes a very
quick and fair peer-review system, which is all easy to use. Visit
http://www.dovepress.com/testimonials.php to read real quotes from
published authors.

Submit your manuscript here: https://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-targets-and-therapy-journal

4578 | ¥

in u Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14


https://doi.org/10.1016/j.jdiacomp.2018.02.003
https://doi.org/10.2337/dc10-1723
https://doi.org/10.1155/2018/3671892
https://doi.org/10.1097/MD.0000000000001650
https://doi.org/10.1097/MD.0000000000001650
https://doi.org/10.1186/1743-7075-3-16
https://doi.org/10.1002/jgf2.10
https://doi.org/10.4093/dmj.2016.40.4.280
https://doi.org/10.4093/dmj.2016.40.4.280
https://doi.org/10.3390/nu8010043
https://doi.org/10.4093/dmj.2020.0033
https://doi.org/10.2337/diacare.26.3.881
https://doi.org/10.2337/diacare.26.3.881
https://doi.org/10.1111/dom.14370
https://doi.org/10.2337/dc12-s004
https://doi.org/10.1016/j.diabres.2007.09.009
https://doi.org/10.1016/j.diabres.2007.09.009
https://doi.org/10.1186/1743-7075-6-21
https://doi.org/10.1186/1743-7075-11-33
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/r1-houkoku_00002.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/r1-houkoku_00002.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/r1-houkoku_00002.html
https://doi.org/10.1093/jn/nxz047
https://doi.org/10.1016/j.diabres.2018.01.010
https://doi.org/10.1016/j.diabres.2018.01.010
https://doi.org/10.1016/j.diabres.2018.04.006
https://doi.org/10.1017/S136898001400247X
https://doi.org/10.1017/S136898001400247X
https://doi.org/10.1210/er.2016-1146
https://doi.org/10.1158/0008-5472.CAN-05-2067
https://doi.org/10.1038/ejcn.2010.228
https://doi.org/10.1016/j.nut.2014.06.011
https://doi.org/10.1016/j.nut.2014.06.011
https://doi.org/10.1016/j.metabol.2015.01.012
https://doi.org/10.1016/j.jada.2009.04.007
https://doi.org/10.1016/j.jada.2009.04.007
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Patients
	Sources of Salt from Various Foods
	Moderate Low-Carbohydrate Diet, Dietary Records and HbA1c
	Dietary Records and Clinical Assessment
	Laboratory Methods
	Statistical Analysis

	Results
	Changes in HbA1c and Other Cardiovascular Risk Factors During 6 Months in Both Sexes
	Changes in Intakes of Total Salt and Its Sources, Carbohydrate, Total Energy and Other Macronutrients During 6 Months in Men
	Changes in Intakes of Total Salt and Its Sources, Carbohydrate, Energy and Other Macronutrients During 6 Months in Women
	Associations of Changes in Total Salt Intake with Changes in HbA1c (%) in All Patients and Patients by Tertile of Reductions in Carbohydrate Intake by Sex
	Associations of Changes in Salt from Sources with Changes in HbA1c (%) in Men
	Associations of Changes in Salt from Sources with Changes in HbA1c (%) in Women
	Associations of Changes in Total Salt and Its Sources with Changes in Fasting Plasma Glucose in Both Sexes

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Disclosure
	References

