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ABSTRACT

Background: Multiple sclerosis (MS) is associated with many health-
related problems and changes in diet were shown to help the patients
reduce some symptoms. This cross-sectional study investigated the
relationship between dietary acid load with fatigue, quality of life, and
nutrient adequacy ratio in MS patients.

Methods: Totally, 283 MS patients were enrolled in Shiraz, Iran between
June 2018 and February 2019. Dietary acid load indices including potential
renal acid load (PRAL) and net endogenous acid production (NEAP) were
determined for the patients. The level of fatigue and quality of life of the
individuals were evaluated by the modified fatigue impact scale (MFIS)
and the multiple sclerosis quality of life-54 questionnaires (MSQoL-54),
respectively. Nutrient intake was determined to calculate the mean
adequacy ratio (MAR) using a food frequency questionnaire (FFQ).
Results: The mean score of MAR, NEAP, and PRAL was 0.9+0.18,
87.71+44.86, and 36.27+33.81, respectively. After adjusting for
confounders, a significant, negative and very weak association was
observed between physical health composite (PHC) of the quality of
life and NEAP (p=0.003) and PRAL (p=0.007). Also, a significant,
negative, and very weak correlation was found between MAR and NEAP
(p=0.006) and PRAL (p=0.028) in a crude model. Furthermore, after
adjusting for confounders, the association between MAR and NEAP
remained significant (p=0.003).

Conclusion: Our findings revealed that there might be an association between
dietary acid load indices, physical dimension of MSQoL-54 and MAR.

Pleasecitethisarticleas: Mousavi-Shirazi-Fard Z,Mazloom Z,1zadi S, Fararouei M. The Association of Dietary Acid Load
with Fatigue, Quality of Life, and Nutrient Adequacy Ratio in Multiple Sclerosis Patients. Int J Nutr Sci. 2024;9(3):203-209.

doi: 10.30476/ijns.2024.100049.1264.

Introduction

Multiple sclerosis (MS) is a chronic inflammatory
autoimmune disease characterized by demyelination
and destruction of neurons in the central nervous

system (1). The global prevalence of MS was
estimated 2.8 million in 2020 showing a rise when
compared to the prevalence in 2013 (2). Although
the etiology of the disease is not clearly known, it
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seems that the interaction between environmental
factors and genetic predisposition plays an
important role in the immune system dysregulation
(3). Among the clinical symptoms of MS, fatigue is
the most prevalent one which can affect the quality
of life of these patients (4). It seems that immune,
nervous, metabolic, and endocrine systems are
involved in the etiology of fatigue (5).

The role of diet as an anti-inflammatory and
immunomodulatory agent has been mentioned in
alleviating the symptoms and progression of MS
disease (6). The positive effects of fruits, vegetables
and low-fat dairy products and less meat consumption
were demonstrated to reduce disability and fatigue
and increase the quality of life in MS patients (7-9).
Vegetables, fruits, milk, and yogurt are considered
as base producing products, while Western diet,
animal proteins, and cheese are regarded as acid
producing ones (10). An increase in the intake of
acid-producing foods can lead to an increase in
hydrogen ions and an acid-base imbalance which
can lead to metabolic disorders (11). The results of
a cross-sectional study conducted on the elderly
women showed that an increase in the dietary acid
load was associated with an increase in weakness and
a decrease in physical activity (12). In obese adults,
the dietary acid load was shown to be related to the
nutritional adequacy ratio and the quality of the diet
(13). In in MS patients, the effect of dietary acid load
on fatigue has been illustrated; but no significant
relationship was found between dietary acid load and
fatigue (14). As the relationship between dietary acid
load with the quality of life and nutrient adequacy
ratio in MS patients was not found in literature, and
also there was very few evidences regarding the
relationship between dietary acid load and fatigue
in these patients, the present study was conducted to
investigate the relationship between dietary acid load
with fatigue, quality of life, and nutrient adequacy
ratio in MS patients.

Materials and Methods

In a cross-sectional study, 283 patients with MS
referring to Imam Reza Clinic and Shahid Chamran
Hospital in Shiraz, Iran between June 2018 and
February 2019 were enrolled. All patients were
diagnosed by a neurologist according to McDonald’s
criteria .(15) The sample size was calculated based
on the study of Cambil-Martin et al. (¢=0.05 and
1-=0.95) (16). Each of the 4 types of MS disease
and an age range of 19-75 years were the inclusion
criteria of the present study. Patients with other
diseases such as renal disorders, cardiovascular
diseases, endocrine problems, cancer, and metabolic
disorders were excluded. In addition, pregnant or

lactating patients were excluded from this study too.
The aim of the present research was explained to all
patients and a written informed consent was obtained
from each patient to be enrolled in the study. The
research was approved by the Ethics Committee of
Shiraz University of Medical Sciences (IR.SUMS.
REC.1397.140) and was carried out according to the
Declaration of Helsinki.

Modified fatigue impact scale (MFIS), which
is a 21-item questionnaire with three subscales of
physical (Nine items), cognitive (ten items) and
psychosocial (two items) was used to determine
MS-related fatigue. The scale evaluated the impact
of fatigue during the past 4 weeks. The total MFIS
score ranged from O to 84, and a higher score
indicated a higher fatigue effect on patient activities
(17). In the present study, the valid and reliable
Persian version of MFIS was used (18). The health-
related quality of life (HRQoL) was assessed using
the multiple sclerosis quality of life-54 (MSQoL-54)
questionnaire. Two summary scores including
physical health composite (PHC) and mental health
composite (MHC) scores were derived from MSQoL
questionnaire. Each composite score ranged from 0
to 100, and higher scores indicated a better quality
of life (19). The reliability and validity of the Persian
version of MSQoL-54 were investigated too (20).

The disability status and the disease progression
of MS patients were evaluated by expanded
disability status scale (EDSS). This scale evaluated
the functional systems of the central nervous system,
including the pyramidal, cerebellar, brain stem,
sensory, visual, intestinal, bladder, cerebral and
other functions. Its range was defined from 0 to 13
(with 0.5 increment intervals), and a higher score
indicated a greater disability (21). In this study, the
EDSS was categorized into three groups of mild:
0—4, moderate: 4.5-5.5 and severe: 610 (22).

Body weight was assessed by a digital scale
(Seca, Germany) to the nearest 0.1 kg; while wearing
light clothing with in absence of any shoes. Height
was measured using a wall-mounted stadiometer
(Seca, Germany) to the nearest 0.1 cm without shoes.
Body Mass Index (BMI) was calculated as weight
(in kilogram) divided by the square of height (in
meter). A 168-item semi-quantitative food frequency
questionnaire (FFQ) with confirmed validity and
reliability was used to determine the patients’ past
year dietary intake (23). The patients were asked to
specify the amount and frequency of consumption of
each food item on a daily, weekly, monthly, or yearly
basis. Then, the reported food intake was converted
into grams per day. Nutritionist IV software (San
Bruno, CA, USA, version 3.5.2) modified for Iranian
foods was employed for nutrients analysis.
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Nutrient adequacy ratio (NAR) was used to
evaluate the patients’ nutrient adequacy (24). It was
determined for 14 nutrients including vitamin C,
vitamin A, vitamin E, vitamin D, folate, phosphorus,
iron, copper, selenium, calcium, magnesium, zinc,
sodium, and potassium. NAR for each nutrient
was the ratio of the patient’s intake to the current
recommended allowance for the individual’s sex
and age category based on Dietary Reference
Intakes (DRISs). Its scale was considered from 0 to
1 and lower values illustrated insufficient intake
of a nutrient. The overall evaluation of nutrient
adequacy was obtained by mean adequacy ratio
(MAR) that was computed from the sum of NAR
divided by the number of nutrients (25). Dietary acid
load indices were calculated using two methods of
potential renal acid load (PRAL) (26, 27) and net
endogenous acid production (NEAP) (28): PRAL
(mEq/d)=(0.49xprotein [g/d])+(0.037xphosphorous
[mg/d])—(0.021xpotassium [mg/d])—(0.013xcalcium
[mg/d])—(0.026xmagnesium [mg/d]). NEAP (mEq/
day)=(protein [g/d]x54.5/potassium [mEq/d])-10.2.

Data analysis was done using SPSS software
(Version 23, Chicago, IL, USA). The quantitative
data were presented as mean and standard deviation,
while the qualitative data were presented as frequency
and percentage. Data distribution normality was
evaluated using the Kolmogorov—Smirnov test. The
association between nutrient adequacy, fatigue and
quality of life and dietary acid load indices were
determined using partial correlation and Pearson
correlation coefficient or the non-parametric
Spearman’s rank correlation coefficient. Statistical
significance was specified at the level of p<0.05.

The mean of MAR, NEAP, and PRAL was 0.9+0.18,
87.71+44.86, and 36.27+33.81, respectively. General
and clinical characteristics of patients with MS were
shown in Table 1. The mean age and weight of the
participants were 38.34+9.95 years and 63.99+7.13
kg, respectively. Regarding the BMI category,
56.54% were in normal range and 87.63% were
female. About half of the subjects (57.24%) were in
undergraduate level of study. The duration of the
disease was 6.2743.35 years. Relapsing-remitting
(81.27%) was the most common type of MS.
According to EDSS, 87.63% of the patients were
in the mild disability category. The MFIS score,
PHC, and MHC were 49.31+8.57, 51.77+11.13, and
56.74+12.56, respectively.

Table 2 presents dietary intake of the patients
with MS. The mean daily intake of energy,
carbohydrate, protein, and fat was 2107.49+£508.95
(Kcal), 284.50£78.85 (g), 50.28+12.57 (g), and

Table 1: General and clinical characteristics of the

patients with multiple sclerosis.

Variable Frequency
(percentage)/
Mean+SD
Age (year) 38.344+9.95§
Weight (kg) 63.99+7.13
BMI (kg/m?) 24.877+£2.77
BMI category
Underweight (<18.5 kg/m?) 1(0.35)*
Normal (18.5-24.9 kg/m?) 160 (56.54)
Overweight (25-29.9 kg/m?) 108 (38.16)
Obese (>30 kg/m?) 14 (4.95)
Gender
Female 248 (87.63)
Male 35 (12.37)
Education
Undergraduate 162 (57.24)
Bachelor of Science 106 (37.46)
Master of Science 15 (5.30)
Duration of disease (year) 6.27+3.35
Type of MS
Relapsing-remitting 230 (81.27)

Clinically isolated syndrome 29 (10.25)

Primary progressive 21 (7.42)
Secondary progressive 3 (1.06)
EDSS

0-4 248 (87.63)
4.5-5.5 27 (9.54)
6-10 8 (2.83)
MFIS 49.31+8.57
Physical subscale 23.08+5.82
Cognitive subscale 23.23+£5.57
Psychosocial subscale 3.01£1.56
MSQoL-54

PHC 51.77£11.13
MHC 56.74£12.56

EDSS: expanded disability status scale; MFIS: modified
fatigue impact scale; MHC: mental health composite;
MS: multiple sclerosis; MSQoL-54: multiple sclerosis
quality of life-54; PHC: physical health composite;
SD: standard deviation; §: Mean+SD; *: Frequency
(percentage).

83.74+28.46 (g), respectively. The linear correlation
between dietary acid load indices, nutrient adequacy,
fatigue and quality of life was exhibited in Table 3.
There was a significant, negative and very weak
correlation between MAR and NEAP (p=0.006)
and PRAL (p=0.028). However, MHC, PHC and
MFIS had no significant correlation with dietary
acid load indices. Table 4 demonstrates the partial
correlation between dietary acid load indices,
nutrient adequacy, fatigue and quality of life after
adjusting for energy intake and gender variables.
A significant, negative and very weak association
was found between PHC and NEAP (p=0.003) and
PRAL (p=0.007). However, the association between
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Table 2: Daily dietary intake of patients with multiple

sclerosis.

Daily dietary intakes Mean+SD
Energy intake (kcal) 2107.49+508.95
Carbohydrate (gr) 284.50+78.85
Protein (gr) 50.28+12.57
Fat (gr) 83.74£28.46
Vitamin A (ug RE/day) 400.32+231.60
Vitamin E (mg/day) 8.60+3.86
Vitamin D* (ug/day) 11.63+6.39
Vitamin C (mg/day) 86.83+49.81

Folate (pg/day) 261.21£113.98
Calcium (mg/day) 633.44+216.19
Phosphorus(mg/day) 869.88+195.26
Zinc (mg/day) 7.55+2.47
Magnesium (mg/day) 235.94+97.10
Iron (mg/day) 11.14£3.69
Copper (ng/day) 1216.5+342.02
Selenium (pg/day) 78.45+31.44
Potassium (mg/day) 1950.34+323.12
Sodium (mg/day) 2324.98+1048.87

*Vitamin D intake is the sum of dietary vitamin D and
vitamin D supplement prescribed by the physician; RE:
retinol equivalent; SD: standard deviation.

MAR and NEAP (p=0.003) remained significant,
but not between MAR and PRAL. No significant
association was found between MFIS and NEAP
and PRAL.

Discussion

In the present study, we found a significant,
negative, and very weak association between

NEAP and PRAL and PHC. No other study was
available to evaluate the relationship between
dietary acid load indices and quality of life in MS
patients. However, in a study carried out on elderly
Japanese women, the higher dietary acid load was
associated with higher incidence of weakness and
low physical activity. In this study, the short-form
36-item health survey (SF-36) was used to evaluate
the weakness and metabolic equivalent-hours score
per day based on several activities (12). A study
conducted on a large sample of MS patients, dietary
habits including the use of vegetables, fruits, dairy,
and meat intake were assessed online. The results
showed a significant positive association between
high intake of vegetables and fruits with physical
and mental aspects of health-related quality of life
(HRQOL). In addition, a higher score of PHC and
MHC was found in patients who did not receive any
dairy product or meat (7). Other studies found a
positive relationship between dietary acid load and
the inflammatory process due to the development of
metabolic acidosis (29, 30). In MS disease, intake of
fruits and vegetables could affect the inflammation
process (31), in addition to the fact that these food
compounds were base producing and help balance
the acid base through the exchange of hydrogen ions
in the nephrons and neutralization of electrons (32).

On the other hand, previous studies have
illustrated increasing body fat mass to be associated
with physical disability (33-35). In a cross-sectional
study of physical education students aged 18-25
years, dietary acid load was evaluated based on

Table 3: The relationship between fatigue, quality of life, nutrient adequacy and dietary acid load indices of patients

with multiple sclerosis.

Variable NEAP PRAL

r P value r P value
MFIS 0.010 0.870 0.024 0.692
PHC -0.104 0.081 -0.112 0.060
MHC -0.033 0.580 -0.026 0.663
MAR -0.162 0.006" -0.131 0.028"

*P value <0.05; Linear correlation; NEAP: net endogenous acid production; MFIS: modified fatigue impact scale;
MHC: mental health composite; PHC: physical health composite; MAR: Mean Adequacy Ratio; PRAL: potential renal
acid load; r: correlation coefficient.

Table 4: The relationship between fatigue, quality of life, nutrient adequacy and dietary acid load indices of patients

with multiple sclerosis®.

Variable NEAP PRAL

r P value r P value
MFIS 0.050 0.408 0.067 0.261
PHC -0.178 0.003" -0.160 0.007"
MHC -0.017 0.775 -0.009 0.887
MAR -0.174 0.003" -0.117 0.050

*P value <0.05; Partial correlation; NEAP: net endogenous acid production; MFIS: modified fatigue impact scale; MHC:
mental health composite; PHC: physical health composite; MAR: Mean Adequacy Ratio; PRAL: potential renal acid
load; r: correlation coefficient. *Adjusted variables for energy intake and gender.
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PRAL and NEAP that was positively correlated
with fat mass, after adjusting for confounders (36).
Recently, it has been reported that patients with MS
had higher fat mass which was related to a higher
disability and a lower HRQOL (37). This issue may
be due to the effects of excess fat mass on biological
mechanisms such as inflammation and psychological
functions (37). Some studies have reported that
increasing body fat can be associated with pain
intensity, and this association has been shown
in MS patients (38, 39). Another cross-sectional
study conducted on diabetic patients also revealed
a positive significant relationship between PRAL
and fat mass (40).

Another finding of the current study was a
significant, negative, and very weak correlation
between MAR and NEAP and PRAL inacrude model.
An investigation on obese women displayed that
greater dietary acid load indices were associated with
a decrease in MAR (13). As previously mentioned,
MAR was calculated based on 14 micronutrients.
Some components of MAR, including phosphorus,
calcium, magnesium and potassium can directly
affect acid load indices; however, other components
might indirectly determine acid load indices, which
indicate the amount of protein, vegetable, and fruit
consumption (13).

No significant association was observed between
fatigue score and dietary acid load indices. In line
with our study, a recent research that investigated
long-term dietary acid load correlation with fatigue
in MS patients found no relationship (14). The main
strength of this study was the large sample size.
However, the present study had some limitations,
such as not investigating the relationship between
food groups and the dietary acid load, as well as
the cross-sectional design of the study, which does
not express the causal relationship between the
indicators. Additionally, the calculation of acid
load indices based on FFQ can overestimate or
underestimate the levels.

Conclusion

The result of the current study indicated that an
increase in the dietary acid load could reduce the
quality of life in a physical dimension. In addition,
a significant relationship was found between
the nutrient adequacy ratio and dietary acid load
indices. Nevertheless, prospective studies are
necessary to clarify these findings.
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