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The effects of a low-carbohydrate diet on oxygen saturation in heart failure patients: a randomized
controlled clinical trial
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ABSTRACT
Introduction: Nutritional therapy in heart failure (HF) patients has been focused on fluid and sodium
restriction with the aim of decreasing volume overload. However, these recommendations are not
well established and sometimes controversial.

Objective: To evaluate the effect of the consumption of a low-carbohydrate diet on oxygen
saturation, body composition and clinical variables during two months of follow-up in chronic, stable
heart failure patients.
Methods: In a parallel group randomized controlled clinical trial, 88 ambulatory patients were
randomly assigned to a low-carbohydrate diet group (40% carbohydrates, 20% protein and 40% fats
[12% saturated, 18% monounsaturated and 10% polyunsaturated]) or a standard diet group (50%
carbohydrates, 20% protein and 30% fats [10% saturated, 10% monounsaturated and 10%
polyunsaturated]) for two months. Diets were normocaloric in both groups. At baseline and at two
months of follow-up, the variables evaluated were: oxygen saturation, dietary intake, body
composition and handgrip strength.
Results: After two months of follow-up, the low-carbohydrate diet group decreased the carbohydrate
consumption and had improved oxygen saturation (93.0 ± 4.4 to 94.6 ± 3.2, p = 0.02), while the
standard diet group had decreased (94.90 ± 2.4 to 94.0 ± 2.9, p = 0.03). There were also differences
between the groups at the end of the study (p = 0.04). No significant differences showed in handgrip
strength in both groups, low-carbohydrate diet group (26.4 ± 8.3 to 27.2 ± 8.3 kg, p = 0.07) and
standard diet group (25.4 ± 8.9 to 26.1 ± 9.5 kg, p = 0.14).
Conclusions: Low-carbohydrate diet may improve the oxygen saturation in patients with chronic
stable heart failure.
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RESUMEN
Introducción: la terapia nutricional en pacientes con insuficiencia cardiaca (IC) ha sido enfocada en la
restricción de líquidos y de sodio con el objetivo de reducir la sobrecarga de volumen. Sin embargo,
estas recomendaciones no están bien establecidas y en algunos casos son controvertidas.
Objetivo: evaluar el efecto del consumo de una dieta baja en hidratos de carbono sobre la saturación
de oxígeno, composición corporal y variables clínicas durante dos meses de seguimiento en pacientes
con insuficiencia cardiaca estable.

Métodos: ensayo clínico aleatorizado paralelo en 88 pacientes ambulatorios que fueron asignados
aleatoriamente al grupo dieta baja en hidratos de carbono (40% hidratos de carbono, 20% proteínas y
40% lípidos [12% saturadas, 18% monoinsaturadas y 10% poliinsaturadas]) o al grupo dieta estándar
(50% hidratos de carbono, 20% proteínas y 30% lípidos [10% saturadas, 10% monoinsaturadas y 10%
poliinsaturadas]) por dos meses. Las dietas fueron normocalóricas en ambos grupos. En la medición
basal y a los dos meses de seguimiento, las variables evaluadas fueron: saturación de oxígeno, ingesta
dietética, composición corporal y fuerza de mano.
Resultados: después de dos meses de seguimiento, el grupo de dieta baja en hidratos de carbono
disminuyó el consumo de hidratos de carbono y mejoró la saturación de oxígeno (93.0 ± 4.4 to 94.6 ±
3.2, p = 0.02), mientras que el grupo de dieta estándar disminuyó (94.90 ± 2.4 to 94.0 ± 2.9, p = 0.03).
También se observó diferencia entre los grupos al final del estudio (p = 0.04). No se observaron
diferencias estadísticamente significativas en fuerza de mano en ambos grupos: dieta baja en hidratos
de carbono (26.4 ± 8.3 to 27.2 ± 8.3 kg, p = 0.07) y dieta estándar (25.4 ± 8.9 to 26.1 ± 9.5 kg, p =
0.14).
Conclusiones: la dieta baja en hidratos de carbono mejora la saturación de oxígeno en pacientes con
insuficiencia cardiaca estable.

Palabras clave: Insuficiencia cardiaca. Oximetría. Dieta baja en hidratos de carbono. Lípidos dietéticos
insaturados. Ensayo clínico.

INTRODUCTION
Heart failure (HF) is a complex syndrome with high morbidity and mortality. One of the main causes
of decompensation is non-compliance with diet. In HF patients, nutritional therapy has been focused
on fluid and sodium restriction with the aim of decreasing volume overload (1). However, those
recommendations are not well established and sometimes controversial (2-6).
Another purpose of nutritional therapy is to reduce cardiovascular risk, and some studies suggest
that saturated fatty acids should be replaced by some other macronutrient, such as
monounsaturated fatty acids. This change has been associated with decreased total cholesterol, LDL
cholesterol, and HDL cholesterol, while the replacement of saturated fatty acids with carbohydrates

showed decreased total cholesterol, LDL cholesterol, and HDL cholesterol but increased
triacylglycerols (7).
Moderately low-carbohydrate and high-unsaturated-fat diets have been demonstrated to improve
blood pressure (8), decrease triacylglycerols, total cholesterol (8,9) and heart rate (8), enhance insulin
sensitivity (8,10), improve endothelial function (9), reduce the waist circumference (9) and, finally,
decrease cardiovascular risk and total mortality (11,12) in other populations.
In the case of HF patients, reducing cardiovascular risk through the replacement of carbohydrates
and saturated fatty acids with monounsaturated fatty acids may also improve clinical status. The
Mediterranean diet, which is moderately low in carbohydrates and monounsaturated and alphalinolenic acid-rich diet, was associated with improved systolic function and left ventricular filling
pressure in HF patients (13) as well as diminished cardiovascular risk, HF biomarkers, terminal probrain natriuretic peptide, oxidized LDL and lipoprotein (a) (14).
Carbohydrates have the highest respiratory quotient (ratio of carbon dioxide production to oxygen
consumption) of the macronutrients and consequently increase the carbon dioxide (VCO2) to be
metabolized. In subjects with decreased respiratory function, this results in signs of increased
breathing work. In other populations, a low-carbohydrate and high-fat diet has been associated with
greater respiratory efficiency (15-17), improved arterial carbon dioxide tension (PaCO2), arterial
oxygen tension (PaO2) and oxygen saturation (SaO2), decreased respiratory quotient (RQ) as well as
improved lung function, with increased forced expiratory volume (FEV1) and oxygen consumption
(VO2) and reduced minute ventilation (VE) and VCO2 (15,17,18).
On the other hand, HF is considered to be a complex condition in which the heart cannot pump
adequate oxygen-rich blood to satisfy the body requirements, peak oxygen consumption is
diminished with lower respiratory efficiency and, finally, lung function and ventilator inefficiency
(19,20).
In spite of the above mentioned observations, nutritional therapy of HF patients has not been
focused on improving mechanical ventilation by optimizing the consumption of oxygen to be
metabolized by diet. Therefore, the aim of the present study was to assess the effect of a lowcarbohydrate fat diet on oxygen saturation, body composition and clinical variables of patients with
chronic stable HF, and to assess the association between dietary intake and changes in SaO2 at the

end of the study. Our hypothesis was that HF patients assigned to the low-carbohydrate diet group
would have improved SaO2 in comparison with the standard diet group.

METHODS AND MATERIALS
Study design
This was a parallel group randomized controlled clinical trial in 88 ambulatory patients of the Heart
Failure Clinic at the Instituto Nacional de Ciencias Médicas y Nutrición “Salvador Zubiran” (INCMNSZ).
The study was approved by the Institutional Ethics Committee of Biomedical Research in Humans of
the INCMNSZ, and in accordance with the World Medical Association and the Helsinki Declaration.
The subjects were informed about the aims of the study, and the patients who agreed to participate
signed an informed consent form.

Participants
Eligibility criteria were: patients with a confirmed diagnosis of HF and classified according to
European Society of Cardiology (ESC) (1), in stable New York Heart Association (NYHA) functional
class I to III, 18 years of age or older. Exclusion criteria were: NYHA functional class IV, patients in
severe renal failure (glomerular filtration rate < 30 ml/min/1.73 m2), liver failure, and cancer. The first
patient was enrolled on May 5, 2011, and the last patient completed the intervention on December
13, 2013.

Randomization and blinding
After baseline measurements, subjects were randomly assigned to the low-carbohydrate group (n =
45) or the standard diet group (n = 43) using a randomized sequence created on the website
http://www.randomization.com. The patients and the nutritionist who assigned treatment with a
sequentially numbered list were aware of group assignment, however the cardiologist or study
collaborators who performed the evaluations were blinded to the assigned diet.

Interventions

The macronutrient compositions of the low-carbohydrate group was 40% carbohydrates, 40% fats
(12% saturated, 18% monounsaturated and 10% polyunsaturated) and 20% protein; the standard diet
group composition was designed according to the recommendations of the American Heart
Association Dietary Guidelines (21): 50% carbohydrates, 30% fats (10% saturated, 10%
monounsaturated and 10% polyunsaturated) and 20% protein. Diets were normocaloric in both
groups. The normocaloric diet was calculated according for each patients in both groups. The basal
energy expenditure of subjects was estimating using Harris and Benedict´s equation.
All patients received a nutritional handbook and oral instructions individually from the dietitian about
the nutritional treatment to which they were assigned, and sodium and fluid restriction followed
established guidelines (1,22). The nutritional handbook contained seven menus from which patients
could choose to cook and consume during the study. Patients and their family members were
scheduled two visits at one and two months at which the study collaborators could answer questions
about their nutritional treatment and assess the degree of compliance with the nutritional treatment
using a 24h food recall. The patients in both groups received recommended guidelines
pharmacological HF treatment by cardiologists.

Outcomes
The primary objective was to assess the effect of low-carbohydrate and standard diet on oxygen
saturation. The second objective evaluated was the impact on body composition and clinical
variables: weight, third space water, impedance index, phase angle, total body and extracellular
water, handgrip strength and systolic and diastolic blood pressures. The third objective was to assess
the association between dietary intake and changes in SaO2 at the end of the study. The variables
were evaluated at baseline and two months of follow-up.

Measurements
Oxygen saturation (SaO2) was measured using the analog pulse finger oximeter (MD200, Hergom).
The SaO2 was taken on seated subjects on the index finger without enamel after one minute.
Change in SaO2 was obtained as follows: change in SaO2 = ([end SaO2 (%) - baseline SaO2/baseline
SaO2]*100). Dietary intake and compliance with diet were assessed by 24h food recall using ESHA

Food Processor SQL software (version 7.9, ESHA Research, Salem. OR 2001). With regard to body
composition, weight and height were measured according to the manual reference of
anthropometric standardization (23); all subjects wore light clothing and were barefoot. The variables
third space water, impedance index, phase angle, total body and extracellular water were evaluated
by bioelectrical impedance analysis (BIA), using a tetra-polar and multiple-frequency equipment
(BodyStat QuadScan 4000, Bodystat Ltd.; Isle of Man, UK). Before undergoing bioimpedance, the
subjects were placed in supine position with their legs and arms in 30° abduction position for ≈ 10
minutes. Handgrip strength was measured using the Hand Grip Dynamometer Analogue (Takei 5001).
Patients were instructed to apply as much handgrip pressure as possible with their right and left
hands. The measurements were repeated twice with each hand, and the highest score was recorded
in kilograms (24). Systolic and diastolic pressure was evaluated by the Automatic Blood Pressure
Monitor (Microlife BP 3BT0-AP).

Sample size
Sample size was calculated using a formula for comparison of means in two independent samples
with significance level of 0.05 and power of 0.80. We used the change in the SaO2 between the study
groups reported by Borghi-Silva et al. as the reference (25). The change in SaO2 over six weeks was
5% in the L-carnitine group and 3% in the standard group, and the standard deviation was 7. A
sample size of 34, which was increased by 20% lost to follow up, gave a total of 41 patients in each
group.

Statistical methods
All data were analyzed using STATA/SE version 12.0 (STATA Corporation, College Station, TX). Results
of continuous variables were expressed as mean ± standard deviation (SD); those with an
asymmetrical distribution, as median (25th and 75th); and categorical variables, as absolute and
relative frequency. The comparisons of variables at baseline and at the end of the study between the
groups were analyzed with X2 (categorical variables) and paired Student’s t-test or Wilcoxon
(continuous variables). The comparisons between the groups at the end of the study were evaluated
as the percentage change ([end variable - baseline variable / baseline variable]*100) between

baseline and the end of study after they were analyzed with unpaired Student’s t-test or U de Mann
Whitney (continuous variables). Subsequently, the association between changes in carbohydrate
intake and changes in SaO2 was obtained with Pearson correlation. A p value < 0.05 was considered
as statistically significant.

RESULTS
A total of 88 ambulatory patients met the inclusion criteria and were included in the study. The
subjects were randomized to the low-carbohydrate diet group (n = 45) or standard diet group (n =
43). Of these patients, 38 and 35, respectively, completed the follow-up (Fig. 1).
With respect to baseline characteristics of participants in both groups who completed and did not
complete the nutritional intervention, within the low carbohydrate diet group, the subjects who did
not complete were younger than the subjects who completed the intervention (57 ± 12.98 versus 68
± 12.65, p = 0.03, respectively). In relation to other variables, non-significant differences were
observed in both study groups between the subjects who complied and those who did not complete
the intervention (data not shown).
As far as subjects who completed the intervention were concerned, no significant differences were
found in the baseline characteristics between the study groups. In both groups there was a high
prevalence of diabetes, dyslipidemia, obesity, hypertension and cachexia. The highest proportion of
subjects was found in NYHA functional class I (Table I). In addition, all patients of the lowcarbohydrate diet group and standard diet group were on conventional pharmacological
management of HF, and there were no statistically significant differences between the groups. No
changes in pharmacological treatment after two months were observed. After two months of followup, patients in the low-carbohydrate diet group reported a decrease in the consumption of
carbohydrates (51.4 ± 6.1 to 42.3 ± 2.8, p = 0.05), and the standard diet group showed an increase
(52.3 ± 15.2 to 54.3 ± 2.9, p = 0.74). Differences between the study groups were found at the end of
the study (p = 0.04). With respect to sodium intake, both study groups showed a decreased intake,
with no statistically significant differences between the groups after two months of follow-up. Fiber
intake also increased in the standard diet group with no statistically significant difference (Table II).

Table III shows the comparison of clinical and body composition variables. We can see that the SaO2
changed after two months of follow-up; in the low-carbohydrate group it increased from 93.0 ± 4.4
to 94.6 ± 3.18, p = 0.02, while in the standard diet group it decreased from 94.9 ± 2.4 to 94 ± 2.92, p =
0.03. Differences between the groups were also found at the end of the study (p = 0.004). No
statistically significant differences with respect to systolic and diastolic blood pressure between the
two groups were observed after two months of follow-up. In the category of body composition
variables, non-significant differences were observed in weight, third space water, phase angle, total
body water or extracellular water after two months of follow-up within the groups. With respect to
handgrip strength, no significant differences were showed in both groups, low-carbohydrate diet
group (26.4 ± 8.3 to 27.2 ± 8.3 kg, p = 0.07) and standard group (25.4 ± 8.9 to 26.1 ± 9.5 kg, p = 0.14)
after two months of follow-up. No statistically significant differences were observed in clinical and
body composition between the groups at the end of the study. Also, inverse correlation between
changes in carbohydrate intake and changes in SaO2 was found (r = -0.41, p = 0.014).

DISCUSSION
This controlled clinical study showed the effects of a low-carbohydrate diet on the SaO2 in chronic
stable heart failure patients. The principal finding was enhanced in SaO2 in the low-carbohydrate
group, while in the standard diet group the SaO2 decreased after two months of follow-up. Thus,
oxygen saturation at the end of treatment showed statistically significant differences between the
study groups. As far as the effect of dietary intake on SaO2 in chronic obstructive pulmonary disease
(COPD) is concerned, SaO2 has been observed to decrease immediately after food intake (16), and
this decline becomes more accentuated with greater severity of pulmonary dysfunction (26).
Moreover, in a clinical trial, Borghi-Silva et al. showed that supplementation with two grams of Lcarnitine daily and exercise was associated with a statistically significant increase in SaO2, while the
placebo-exercise group did not have a significant increase after six weeks of follow-up (25). Another
clinical trial compared the effect of different macronutrients on SaO2 with two supplements: lowcarbohydrate/high-fat supplements versus high-carbohydrate/low-fat. The study showed that SaO2
decreased at 10 and 15 minutes after high-carbohydrate/low-fat supplement intake, while no
changes occurred with low-carbohydrate/high-fat supplements (16). Similarly, the proportion of

carbohydrate, lipid and protein intake has an effect on respiratory gas exchange. Several studies have
shown that high carbohydrate diets are correlated with increased VO2, VCO2 and CR both in healthy
subjects and in COPD patients (15,18), as well as increased VE and Borg scale with diminished
exercise tolerance (15,16) compared with low-carbohydrate and high fat diets. The adverse effects
on respiratory efficiency after high-carbohydrate intake are due to the fact that absorption and
metabolism of carbohydrate intake has more VCO2 produced per molecule of VO2 and QR than those
of fatty acids or protein, increasing the ventilatory response. This suggests that macronutrient
distribution changes in diet can improve respiratory gas exchange (15,16,18), respiratory function
(16) and exercise tolerance (15,16,27).
The effect of this macronutrient distribution has not been studied in patients with HF with the aim of
optimizing the ventilatory response. HF patients are characterized by impaired cardiopulmonary and
pulmonary function with reduced peak oxygen consumption and oxygen saturation (28,32).
Decreased peak oxygen consumption correlates with oxygen saturation and lower muscle mass. It is
also associated with less muscle strength and diminished exercise tolerance (28,29,31-33). The peak
oxygen consumption, muscle strength, VE/VCO2 and oxygen saturation are independent predictors of
hospitalization and mortality in HF patients (18,33-35).
The subjects had a positive adherence. In the intervention group the low-carbohydrate diet
composition was 40% carbohydrates of total intake and the intervention group had a decrease in
carbohydrate intake from 51 to 42%. However, in the standard group the diet composition was 50%
carbohydrate. The carbohydrate intake in the control group was 54% at the end of the study.
Moreover, the study groups were analyzed with the intention-to-treat principle, in which all subjects
were evaluated according to their random group assignment, regardless of the degree of patient
compliance. This approach does not permit overestimation of the effects of therapy in the study and
the intervention is probably more effective in patients who adhere to nutritional therapy (36).
Others researchers have reported associations between food groups and types of nutrient intake on
cardiopulmonary and pulmonary function variables. In a cohort study, Root et al. observed a positive
association of FEV(1)/FVC with intake of whole grains, animal protein, dietary fiber, polyunsaturated
fatty acids and omega-3 fatty acids, while saturated fatty acids as well as solid fats, alcohol, and
added sugar intake showed a negative association with lung function (37). Furthermore, solid fats,

alcohol, and added sugar intake were analyzed together, and this did not make it possible to evaluate
the effect of sugar intake on pulmonary function. In our study, no statistically significant differences
were observed in the effects of the rest of the macronutrients, possibly due to the limited sample
size.
Although the literature shows the effect of carbohydrates on gas exchange, neither the effect of the
carbohydrate type on oxygen saturation nor the effect of different macronutrient distributions on
oxygen saturation in patients with HF have been studied. On the other hand, in our study, the lowcarbohydrate diet group did not show increased handgrip strength possibly due to limited follow-up
time. However, more experimental studies with longer follow-ups that assess the effectiveness of the
low-carbohydrate nutritional intervention on muscular strength are necessary. Other nutritional
therapy has also been shown to maintain or improve handgrip strength (38,39), which is considered
as an indicator of muscular function with prognostic implications (33).
This evidence should help to develop a nutritional treatment according to the needs of HF patients,
although more clinical trials to assess the effect of different proportions of macronutrients on
pulmonary and cardiorespiratory function are warranted. The quality and quantity of the types of
nutrients consumed are also important. The majority of the nutritional recommendations for heart
failure patients come from observational studies or guidelines for reducing the risk of cardiovascular
disease, but these guidelines are designed for the general population.

Study limitations
The study has some limitations. First, the intervention period was short. A longer follow-up would
probably show changes in such variables as body composition and systolic and diastolic pressure.
Second, as patients were ambulatory we had high rates of patient’s lost-to-follow-up.

Study strengths
Low-carbohydrate nutritional therapy can be easily reproduced in real life and can be prepared at
home without difficulty.

CONCLUSIONS

A low-carbohydrate diet may increase the SaO2 in chronic stable heart failure patients.
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Table I. Baseline characteristics of participants who completed the intervention

Standard diet group

Low-carbohydrate group

n = 43

n = 45

Male (n [%])

16 (45.71)

19 (50)

0.71

Age (y)

70.45 ± 12.35

68.47 ± 12.65

0.50

Systolic HF (n [%])

15 (45.45)

16 (42.11)

Diastolic HF (n [%])

6 (18.18)

10 (26.32)

9 (27.27)

9 (23.68)

Diabetes (n [%])

19 (54.29)

20 (52.63)

0.89

Obesity (n [%])

10 (28.57)

17 (44.74)

0.15

Dyslipidemia (n [%])

12 (34.29)

9 (23.68)

0.32

Hypertension (n [%])

27 (77.14)

29 (76.32)

0.93

Renal failure (n [%])

6 (17.14)

6 (15.79)

0.88

Cachexia (n [%])

19 (54.29)

15 (39.47)

0.21

NYHA I (n [%])

22 (62.86)

25 (71.43)

NYHA II (n [%])

11 (31.43)

8 (22.86)

NYHA III (n [%])

2 (5.71)

2 (5.71)

Variables

Systolic and diastolic HF (n
[%])

p-value

0.88

NYHA functional class

0.72

HF: Heart failure; NYHA: New York Heart Association. The data are presented as percentage or
mean ± standard deviation.

p
value
Diet group

Baseline

End

withi
n

p value
% change

between
groups

group
s
LowEnergy

carbohydrate

1,840.2 ± 510.6

0.10

-23.3 ± 23.8
0.11

intake (kcal)
Standard
LowCarbohydrat

1,327.1 ± 9.5

carbohydrate

1,605.9 ± 478.6

51.4 ± 6.1

1,460.4 ±
235.0
42.3 ± 2.8

0.13

-6.5 ± 11.7

0.05

-15.1 ± 9.8
0.04

es (%)
Standard
LowProtein (%)

carbohydrate
Standard
Low-

Fats (%)

carbohydrate
Standard
Lowcarbohydrate

52.3 ± 15.2

54.3 ± 2.9

0.74

14.1 ± 43.4

19 ± 8.2

19.5 ± 3.5

0.98

13.5 ± 41.4
0.27

20.2 ± 5.9

17.2 ± 4.5

0.20

-9.7 ± 31.1

26.5 ± 13.5

24.3 ± 10.2

0.47

17.7 ± 74.0
0.90

25.7 ± 14.9

26.5 ± 16.8

0.76

15.6 ± 60.6

22.3 ± 7.2

18.0 ± 6.9

0.19

-14.8 ± 20.7

Fiber (g)

0.14
Standard

16.8 ± 9.1

21.9 ± 6.1

0.21

101.4 ±
211.3

Lowcarbohydrate

2,592.8 ± 1,484.4

1,505.6 ±
659.3

0.28

-0.4 ± 99.8

Sodium (mg)

0.89
Standard

2,121.1 ± 973.5

1,998.2 ±
919.8

0.66

The data are presented as percentage or mean ± standard deviation.

4.87 ± 48.8

Table III. Comparison of body composition and clinical variables from baseline to end of the study

p for %

p-value
Variables

n

Baseline

2 months

within

% change

group

change
between
groups

Oxygen saturation (%)
Low-carbohydrate diet group

35

93.0 ± 4.4

94.6 ± 3.2

0.02

1.86 ± 4.82

Standard diet group

31

94.9 ± 2.4

94.0 ± 2.9

0.03

-0.97 ±

0.004

2.46
SBP (mmHg)
Low-carbohydrate diet group

32

123.5 ± 20.4 118.6 ±

0.20

Standard diet group

33

126.5 ± 21.3 19.8

0.78

125.5 ±

-2.67 ±
17.11

0.385

0.83 ± 2.65

16.6
DBP (mmHg)

-1.42 ±

Low-carbohydrate diet group

32

71.1 ± 10.9

70.7 ± 13.4 0.88

11.37

Standard diet group

33

72.3 ± 12.8

70.3 ± 8.7

0.18

2.02 ± 27.87

Low-carbohydrate diet group

29

92.4 ± 30.5

86.1 ± 27.

0.34

Standard diet group

33

85.7 ± 29.9

0

0.58

0.519

Weight (kg)

88.3 ± 28.9

-0.78 ± 3.70 0.145
0.27 ± 2.09

Phase angle
Low-carbohydrate diet group

37

5.8 ± 1.2

5.8 ± 1.2

0.27

3.30 ± 33.28 0.546

Standard diet group

32

5.2 ± 1.1

5.4 ± 0.9

0.21

7.69 ± 25.74

TBW (%)
Low-carbohydrate diet group

35

51.5 ± 7.7

49.22 ± 9.0 0.27

1.10 ± 4.99

0.322

Standard diet group

29

52.0 ± 7.6

50.68 ± 7.6 0.21

5.52 ± 25.62

Low-carbohydrate diet group

28

23.0 ± 2.8

22.89 ± 2.7 0.54

0.55 ± 3.81

Standard diet group

34

23.1 ± 2.6

22.81 ± 2.6 0.72

-0.20 ± 5.10

Low-carbohydrate diet group

31

26.4 ± 8.3

27.2 ± 8.3

0.07

4.16 ± 10.71 0.712

Standard diet group

35

25.4 ± 8.9

26.1 ± 9.5

0.14

3.17 ± 11.03

ECW (%)
0.502

Handgrip strength (kg)

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; TBW: Total body water; ECW: Extracellular
water. The data with symmetrical distribution are presented as mean ± standard deviation.

Randomized (n = 88)

Allocated to:
Low-carbohydrate group (n = 45)
Received intervention (n = 45)

Allocated to:
Standard diet group (n = 43)
Received intervention (n = 43)

Lost to follow up
(n = 7, 15.56%)

Lost to follow up
(n = 7, 15.56%)

Analyzed:
Completed
(n = 38, 84.44%)

Analyzed:
Completed
(n = 35, 81.4%)

