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Abstract 

Introduction Multiple sclerosis (MS) is a chronic inflammatory disease characterized by central nervous system (CNS) 
lesions. Although the etiology and pathogenesis of MS remains unclear, nutrition is among the environmental factors 
that may be involved in developing MS. Currently, no specific diet has been associated with MS. This study aimed 
to investigate the relationship between the dietary phytochemical index (DPI), dietary acid load (DAL), and the risk 
of developing MS.

Methods This case‒control study was conducted on 174 patients with MS and 171 healthy individuals in Mashhad, 
Iran. Data were collected using a 160‑item semiquantitative food frequency questionnaire (FFQ). The study investi‑
gated the association between DPI, DAL, and MS, considering anthropometric measures, dietary intake, smoking hab‑
its, and sex. DPI, potential renal acid load (PRAL), and net endogenous acid production (NEAP), as indicators of DAL, 
were calculated based on the FFQ.

Results The study analyzed 345 participants, comprising 174 (50.4%) MS patients and 171 (49.6%) healthy individu‑
als. The mean age of the participants was 32.45 ± 8.66 years. The DPI score was significantly lower among MS patients, 
while the NEAP and PRAL scores were significantly higher among MS patients compared to the healthy group. There 
was no relationship between NEAP (OR 1.001; 95% CI 0.959–1.044; P = 0.974) and PRAL (OR 1.019; 95% CI 0.979–1.061; 
P = 0.356) and MS incidence.

Conclusions The study found higher smoking and obesity rates in MS patients, with a reduced DPI score 
and increased DAL. Further studies are needed before recommending plant‑based foods and dietary acid–base bal‑
ance evaluation as therapeutic approach.
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Highlights 

• This case‑control study examined the relationship between DPI, dietary acid load, and chance of developing MS 
in 174 MS patients and 171 healthy controls.

• MS patients had significantly lower DPI scores compared to healthy controls, indicating lower intake of phytochemi‑
cal‑rich foods like fruits, vegetables, legumes, and whole grains.

• MS patients had significantly higher NEAP and PRAL scores compared to controls, suggesting a more acidic dietary 
pattern.

• Lower DPI was associated with increased chance of MS (88.2% reduction in MS for each unit increase in DPI score).

• Male sex, lower smoking rates, lower waist circumference, lower body fat percentage, higher lean mass, and lower 
energy intake were associated with reduced chance of MS.

• The study suggests that dietary patterns higher in phytochemical‑rich plant foods and lower in acid‑promoting ani‑
mal proteins were related to reduced chance of MS, but further research on dietary interventions is needed.

Keywords Autoimmune diseases, Multiple sclerosis, Neurodegeneration, Inflammation, Phytochemicals index, 
Dietary acid load, Iran, Food frequency questionnaire

Graphical Abstract

Introduction
Multiple sclerosis (MS) is a chronic inflammatory, neu-
rodegenerative autoimmune disease of the central nerv-
ous system characterized by demyelination and axonal 
degeneration [1]. MS predominantly affects young adults, 
especially women aged 20–40 [2], with an increasing 
global incidence and prevalence [3], affecting approxi-
mately 2.8 million people worldwide in 2022 [4]. Despite 
global research efforts, the etiology and pathogenesis of 
MS remain incompletely understood [5]. However, it is 
well-established that both genetic and environmental fac-
tors contribute to an individual’s susceptibility to devel-
oping MS [6]. Among the environmental factors, diet 

has garnered significant interest as a potentially modifi-
able risk factor that may influence the disease course and 
severity [7].

Previous research has explored the potential links 
between various dietary patterns, nutrients, and the risk 
of MS [8]. Plant-based dietary patterns rich in fruits, veg-
etables, whole grains, and legumes have been hypoth-
esized to confer a protective effect against MS [2, 9]. This 
proposed benefit is attributed mainly to the abundant 
antioxidant and anti-inflammatory properties of phyto-
chemicals in these plant-based food sources [10]. Con-
versely, dietary patterns characterized by a higher intake 
of animal-based protein sources have been associated 
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with an increased risk of MS, potentially mediated 
through the promotion of oxidative stress, inflammation, 
and metabolic disturbances [11, 12].

While these previous studies have provided valuable 
insights, two specific dietary factors that may influence 
MS risk have not been extensively investigated: the die-
tary phytochemical index (DPI) and the dietary acid–base 
load (DAL). The DPI is a measure of the phytochemical 
content in an individual’s diet, encapsulating the cumula-
tive intake of phytochemical-rich plant foods, first pro-
posed by McCarty [13]. On the other hand, the dietary 
acid load, quantified through indices such as potential 
renal acid load (PRAL) and net endogenous acid produc-
tion (NEAP), reflects the balance between acid-produc-
ing and base-producing foods in the diet [14].

The potential mechanisms underlying the hypothesized 
associations between these dietary factors and MS risk 
are biologically plausible. Phytochemicals possess potent 
antioxidant and anti-inflammatory properties that may 
counteract the oxidative stress and chronic inflammation 
central to MS pathogenesis [10, 15, 16]. Conversely, a diet 
high in acid-promoting animal protein sources and low 
in alkaline plant foods may contribute to a state of low-
grade metabolic acidosis, which can promote inflamma-
tion, insulin resistance, and other metabolic disturbances 
implicated in the development and progression of MS 
[11, 12, 17–20].

Despite these proposed mechanisms, the specific roles 
of the DPI and DAL in the context of MS risk have not 
been comprehensively explored. Therefore, this study 
aimed to investigate the relationship between the DPI, 
DAL (assessed by PRAL and NEAP), and the chance of 
developing MS in a sample of Iranian adults. By address-
ing this knowledge gap, the findings may provide valu-
able insights into potential dietary strategies that could 
complement traditional therapeutic approaches for this 
debilitating autoimmune condition.

Methods
The study aimed to explore the association between DPI, 
DAL, and the chance of developing MS. It was conducted 
with the approval of the Ethics Committee of Mashhad 
University of Medical Sciences, with the reference num-
ber IR.MUMS.REC.1393.182.

Study design and participants
This case–control study involved 197 patients with 
relapsing–remitting MS (RRMS), aged 18 to 65 years old. 
The patients were selected from the Mashhad MS Asso-
ciation Registry in Northeast Iran 2015. The research 
population included newly registered MS patients who 
had no change in diet for the past six months. In addition, 

200 healthy individuals were included in the study. The 
inclusion criteria for the control group were having no 
neurological diseases (based on self-report), receiving 
services from the same hospital as the cases, and having 
no acute medical conditions. Exclusion criteria for the 
control group were pregnancy, and intentional dietary 
modifications. The control group was matched with the 
case group regarding age (in 10-year groups), sex, educa-
tion level, and body mass index (BMI). The participants 
were given a brief explanation of how to answer the 
questions in the FFQ [21]. The researchers recorded the 
names, age, height, weight, body composition, gender, 
menopause, smoking habits, and educational status of 
the participants.

The exclusion criteria for both groups were as follows:
[1] started to take specific diet within last 12 months, [2] 
taking any food supplements, and [3] under- or overes-
timation of energy intake (< 800 or > 4200 kcal/day). All 
participants provided written informed consent by com-
pleting and signing a consent form.

Sample size
The sample size formula in correlation studies calculates 
the needed sample size. According to a survey conducted 
by Jahromi et al., the correlation coefficient for the rela-
tionship between the traditional diet score and the risk of 
MS was 0.27 [22].

The sample size of the study included 197 patients in 
the case group and 200 healthy individuals in the control 
group, totaling 397 participants.

Data collection tools
Demographic data
Skilled interviewers obtained demographic and smoking 
habit information.

Anthropometric measurements
Trained health professionals followed the CDC’s Anthro-
pometry Procedures Manual 2007 to record anthropo-
metric measurements for each individual as part of the 
National Health and Nutrition Examination Survey [23].

The participant’s body composition and weight were 
measured while wearing minimal clothing and no shoes. 
A bioelectrical impedance analyzer (Tanita BC-418 Body 
Composition Analyzer) was used to obtain data, which 

n =
zα + zβ
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was then recorded to the nearest 100 g. Their height was 
measured in a standing position without shoes using a 
tape measure with shoulders in a normal position, and 
the data was recorded to the nearest 0.5 cm. The waist 
circumference was measured twice at a level midway 
between the lowest rib and iliac crest using a flexible 
tape, and the recorded data was to the nearest millimeter. 
BMI was calculated using the formula: weight in kilo-
grams divided by height in meters squared. The subjects 
were then classified based on their BMI using the cut-off 
points determined by the World Health Organization 

and categorized as either underweight (< 18.5 kg/m2), 
healthy weight (18.5–24.9 kg/m2), overweight (25–29.9 
kg/m2) or obese (≥ 30 kg/m2) [24].

Assessment of dietary intake
The study assessed the participants’ regular dietary 
intake using a semi-quantitative FFQ comprising 160 
Iranian food items. The FFQ was developed and vali-
dated at Mashhad University of Medical Sciences with 
the correlation coefficient of 0.225 to 0.323 comparing 
to three-day food record for macro nutrients and 0.128 
to 0.476 for micronutrients (60% overall agreement with 
food record) and intraclass correlation coefficient (ICC) 
ranging between 0.363 and 0.578 [21]. Expert dietitians 
conducted face-to-face personal interviews to complete 
the FFQ. During the interviews, household portions 
were confirmed through photographs to ensure accurate 
measurement of food intake.

The average food intake was determined based on the 
typical portion sizes consumed by the general Iranian 
population. Standard units were established using the 
average serving sizes of everyday food items such as a 
bowl of yogurt and chips, a glass of beverage, or a plate 
of rice. A food photo album with ten photos depicting 
the average portion sizes and household measures was 
included at the beginning of the FFQ to ensure con-
sistency. Participants were asked about the frequency 
of their consumption of various food items in the past 
month. Their responses were categorized into four 
groups: never/less than once a month, monthly (1–3 
times/month), weekly (1–6 times/week), and daily (1–6 
times/day or more).

Portion sizes were categorized as small (less than half 
of the persistent moderate use), medium (equal to the 
determined average use), and large (one and a half times 

more than the moderate use or more). The frequency 
of consuming each food was recorded and converted to 
daily intake, while the serving size of the consumed items 
was converted to grams using household measures. The 
researchers neutrally asked these questions without judg-
ing the participants’ eating habits.

Dietary acid acid‒base calculation
In this study, two indices, PRAL and NEAP, were used 
to assess the dietary acid load according to the following 
formula [25, 26]:

The values of the required macro- and micronutrients 
were obtained from the FFQ.

DPI calculation
The DPI was calculated according to the method devel-
oped by McCarty [13]. The index consists of eight com-
ponents: fruits, vegetables, legumes, whole grains, soy 
products, nuts, seeds, olive, and olive oil. First, the 
energy ratio obtained from the eight foods above or food 
groups (kcal) to total daily energy intake was calculated 
and multiplied by 100. Because of the high phytochemi-
cal content of natural fruit juices, these food items were 
categorized into the fruit group, and vegetable juices and 
tomato sauces were categorized into the vegetable group. 
Potatoes, pickled vegetables, and powdered vegetables 
were excluded because they are not considered a rich 
source of phytochemicals.

Statistical analysis
Data analysis was conducted using the statistical pack-
age for social sciences (SPSS) software version 22 (IBM 
SPSS Statistics for Windows, Version 21.0. Armonk, NY: 
IBM Corp). The normality of the continuous variables 
was evaluated using the Kolmogorov‒Smirnov test. Nor-
mally and nonnormally distributed continuous variables 
are presented using the mean and standard deviation 
(SD), median, and interquartile range (IQR). Frequency 
and percentage were used to describe categorical vari-
ables. Student’s t test and Mann‒Whitney tests were used 
to compare normally and nonnormally distributed vari-
ables between groups. The chi-square test was used to 
compare continuous and categorical variables between 
study groups. Binary logistic regression assessed the 
relationship between study variables and the outcome 
variable (MS) by reporting the odds ratio (OR) and 95% 

NEAP (mEq/d) = [54.5× protein(g/d)/potassium (mEq/d)] − 10.2

PRAL (mEq/d) =[protein(g/d)× 0.49] + [phosphorus(mg/d)× 0.037] − [potassium(mg/d)× 0.021]

− [calcium (mg/d)× 0.013] − [magnesium(mg/d)× 0.026]
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confidence interval for OR [27]. The level of statistical 
significance was p < 0.05.

Results
The study included 397 participants: 197 MS patients 
and 200 healthy controls. The data was complete for 
174 (50.4%) MS patients and 171 (49.6%) healthy con-
trols. The mean age was 32.45 years old. Table 1 presents 
the description and comparison of demographic and 
anthropometric characteristics between MS and healthy 
group. MS patients had a higher total body fat percent-
age (p = 0.031) and lower fat-free mass (p < 0.001) com-
pared to healthy controls. The prevalence of smoking was 
significantly higher in the MS patient group (p = 0.01). 
There was no significant difference in gender distribution 
between the two groups.

Description and comparison of the dietary intake of 
the MS patients and the healthy group are presented in 
Table 2. MS patients had significantly higher total energy 
intake compared to the healthy control group (p = 0.003). 
However, there were no significant differences between 
the two groups in the percentage of total energy intake 
from fiber, protein, carbohydrates, or fat.

Table  3 presents and compares the DPI, NEAP and 
PRAL scores between the MS patients and healthy group. 
The MS patient group had a significantly lower DPI score 

(p < 0.001) but significantly higher NEAP (p = 0.001) and 
PRAL (p < 0.001) scores compared to the healthy control 
group.

Relationship between MS and DPI, NEAP and PRAL 
scores are shown in Table  4. The study revealed a sig-
nificant association between MS and sex, smoking, waist 
circumference, body fat percentage, fat-free mass per-
centage, energy intake, and DPI scores. Increased fat-free 
mass percentage and higher DPI scores were linked to 
22.9% and 99.9% reductions in the chance of MS, respec-
tively. Conversely, smoking, elevated waist circumfer-
ence, higher body fat percentage, and greater energy 
intake were associated with 210.1%, 5.9%, 10.4%, and 
14.3% increases in the chance of MS, respectively.

Discussion
Our study, involving 397 participants, provided a 
comprehensive analysis of the factors influencing the 
chance of MS. Notably, MS patients demonstrated a 
higher total body fat percentage and smoking preva-
lence, while the healthy group exhibited a higher fat-
free mass. Despite similar macronutrient distributions 
across groups, MS patients had a significantly higher 
energy intake. Furthermore, our study found that MS 
patients had a lower DPI score but higher scores in 
the NEAP and PRAL. Our study also identified several 

Table 1 Comparison of demographic and anthropometric characteristics between MS patients and healthy controls

SD Standard Deviation, IQR Interquartile Range
†  The Mann‒Whitney test was used for the comparison
‡  The chi-square test was used for the comparison
* Significant difference

Variable MS Mean ± SD/Median (IQR) Healthy Mean ± SD/Median (IQR) p†
Age (years) 32.00 (27.00–37.25) 31.00 (26.00–37.00) 0.296

BMI (kg/m2) 24.20 (21.10–27.43) 24.70 (21.60–29.00) 0.245

Total body fat (%) 28.80 ± 7.86 27.30 (19.90–33.90) 0.031*

Fat free mass (%) 40.80 (36.58–47.13) 45.30 (42.00–51.40)  < 0.001*

Variable MS n (%) Healthy n (%) p‡
Smoking 40 (23.1%) 16 (9.4%) 0.001*

Table 2 Comparison of dietary intake between MS patients and healthy controls

SD Standard Deviation, IQR Interquartile Range
†  The Mann‒Whitney test was used for the comparison
‡  Student’s t test was used for the comparison
*  Significant difference

Variable MS Mean ± SD/Median (IQR) Healthy Mean ± SD/Median (IQR) p

Energy (Kcal) 2508.25 (1843.91–3037.13) 2233.03 ± 837.29 0.003*†

Fiber (g) 19.49 (14.36–26.27) 17.40 (12.79–23.00) 0.056†

Protein (% of energy intake) 13.84 ± 2.57 13.87 ± 2.39 0.933‡

Fat (% of energy intake) 37.05 ± 6.18 37.42 (33.48–40.81) 0.842†

Carbohydrate (% of energy intake) 48.25 (45.03–53.21) 49.04 ± 6.33 0.989†
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factors that significantly influence the chance of devel-
oping MS, including sex, smoking habits, waist circum-
ference, body fat percentage, fat-free mass percentage, 
and energy intake.

Body composition and fat distribution
The findings reported in the current study align with pre-
vious investigations that have established a strong asso-
ciation between obesity and increased chance of MS. 
Several studies, as discussed in the review by Gianfranc-
esco and Barcellos [28], have consistently demonstrated 
a two-fold increased risk of developing MS in individu-
als with a BMI during adolescence and young adulthood. 
Specifically, the review highlighted findings from the 
Nurses’ Health Study [29], where women with a BMI ≥ 30 
kg/m2 at age 18 had a 2.25-fold increased risk of MS 

compared to those with a normal BMI. Similar observa-
tions were reported in population-based studies from 
Sweden [30], Norway, and Italy [31], further corroborat-
ing the link between elevated BMI and MS susceptibility.

In line with these previous reports, the current study 
found that individuals with a larger waist circumference 
had a 5.9% higher likelihood of developing MS, and the 
chance of MS increased by 10.4% with a one percent 
increase in body fat percentage. Conversely, a higher lean 
body mass percentage was associated with a reduced 
chance of MS 22.9% per one percent increase. These find-
ings support the protective role of a lower body fat com-
position and higher lean mass against MS development, 
potentially attributed to the significantly higher energy 
intake observed in MS patients in the current study.

There are several links between adipose tissue and the 
immune system [32]. MS is characterized by inflamma-
tion and demyelination accompanied by axonal transec-
tion. An investigation indicates that a genetically elevated 
BMI is associated with an increased likelihood of devel-
oping MS, providing evidence for the causal involvement 
of obesity in the etiology of MS [33]. Furthermore, being 
overweight can worsen the severity of MS symptoms, 
make them harder to manage, increase the frequency 
of relapses, and speed up the progression of MS toward 
escalating disability.

Gender differences in the chance of developing multiple 
sclerosis
Our study indicated gender as a significant factor that 
affected the chance of MS, and male sex was associ-
ated with a 90.2% reduction in the chance of developing 
MS. According to recent studies, MS is more prevalent 
in females than males [34]. In this regard, Greer and 
McCombe [34] demonstrated that MS is more prevalent 
in females than males. They suggest that the increased 
prevalence of MS in females could be attributed to sev-
eral factors, including intrinsic differences between the 
male and female immune systems, genetic and epigenetic 
factors, effects of gonadal hormones, and environmental 
exposures.

Smoking as a risk factor for multiple sclerosis
In line with Hedström’s study [35], our study revealed 
that smoking cigarettes increased the chance of MS by 
210.1%. Cigarette smoking can cause oxidative stress and 
pro-inflammatory responses in lung tissue. Additionally, 
smoking can lead to posttranslational modifications of 
proteins in the lungs, which may affect their antigenicity 
and trigger autoimmunity against CNS antigens. So, the 
link between smoking and getting MS might be due to 
immune system responses against changed proteins that 
cross-react with antigens in the CNS [35].

Table 4 Relationship between study variables and MS

DPI Dietary phytochemical index, NEAP Net endogenous acid production, PRAL 
Potential renal acid load
* Significant relationship

variable p OR 95% CI for OR

Lower Upper

Age 0.520 0.987 0.948 1.027

Gender (Male)  < 0.001* 0.018 0.004 0.078

Smoking 0.016* 3.101 1.0237 7.773

BMI 0.502 0.956 0.838 1.090

Waist circumference 0.044* 1.059 1.002 1.119

Body fat (%) 0.019* 1.104 1.016 1.199

Fat free mass (%)  < 0.001* 0.771 0.715 0.831

Energy intake  < 0.001* 1.143 1.072 1.220

Fiber 0.065 0.999 0.999 1.000

Protein (% Cal) 0.162 1.183 0.935 1.498

Fat (% Cal) 0.452 1.065 0.903 1.0257

Carbohydrate (% Cal) 0.220 1.119 0.935 1.341

DPI  < 0.001*  < 0.001  < 0.001  < 0.001

NEAP 0.974 1.001 0.959 1.044

PRAL 0.356 1.019 0.979 1.061

Table 3 Comparison of DPI, NEAP and PRAL scores between MS 
patients and the healthy group

SD standard deviation, IQR interquartile range, DDS dietary diversity score, NEAP 
net endogenous acid production, PRAL potential renal acid load
†  The Mann‒Whitney test was used for the comparison
* Significant difference

Variable MS Mean ± SD/
Median (IQR)

Healthy Mean ± SD/
Median (IQR)

p†

DPI 0.13 ± 0.07 0.16 (0.11–0.22)  < 0.001*

NEAP 51.36 ± 14.45 44.42 (38.01–53.06) 0.001*

PRAL 9.55 ± 14.28 2.96 (‑4.82–12.02)  < 0.001*
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Dietary phytochemical index and chance of MS
In our study, we utilized DPI to measure dietary phyto-
chemical content. We found that patients with MS had 
a lower DPI score than healthy participants. Our study 
showed that DPI was a protective factor that could be 
related to a reduced chance of MS. Phytochemicals and 
their derivatives can potentially protect the nervous sys-
tem by regulating chronic inflammation, oxidative stress, 
and downstream signaling [15]. Studies have shown that 
phytochemicals can reduce mitochondrial dysfunction 
and inhibit the formation of α-synuclein accumulation-
induced oxidative stress and inflammatory responses 
[16]. It is evident from various research studies that the 
Mediterranean Diet and Vegetarian Diet are dietary 
patterns characterized by a significant consumption of 
phytochemicals [36]. Several investigations have demon-
strated that plant-based dietary patterns (whole grains, 
vegetables, legumes, nuts, and fruit) are highly adequate 
in augmenting the levels of phytochemicals in the blood-
stream while concurrently diminishing the overall acid 
load of the diet [11, 12].

Dietary acid load and chance of MS
Although the NEAP and PRAL scores were significantly 
higher among MS patients compared to the healthy 
group, there was no relationship between NEAP and 
PRAL and MS incidence. This could be due to changes in 
dietary intake among MS patients after their disease diag-
nosis, which may include increased consumption of fruits 
and vegetables, reduced amounts of saturated fat and 
sugar, and increased intake of dietary supplements. This 
result is contradictory to the study by Saeedirad et al. [37] 
in which higher DAL, as indicated by higher NEAP or 
PRAL scores, was associated with increased odds of MS.

According to several studies, a dietary pattern that 
increases the dietary acid load while low in phytochemicals 
leads to increased excretion of calcium and magnesium and 
cortisol secretion, ultimately resulting in decreased citrate 
excretion. These physiological changes are believed to con-
tribute to elevated blood pressure and insulin resistance 
[19, 20]. Several articles highlight that insulin resistance 
and metabolic syndrome are more prevalent among MS 
patients [38], and this may be caused by the activation of 
microglia and elevated proinflammatory cytokines, which 
are known to be elevated in people with MS [18].

Additionally, consuming more phytochemical-rich 
plant foods such as fruits, vegetables, legumes, whole 
grains, nuts, seeds, and olive oil and reducing consump-
tion of foods high in animal protein may help lower the 
risk of developing multiple sclerosis (MS). Other poten-
tial dietary and lifestyle recommendations that may help 
reduce the risk of MS include avoiding smoking, adopting 
a plant-based dietary pattern like the Mediterranean diet, 

and achieving a healthy body weight and body composi-
tion through balanced energy intake and physical activity 
levels. Optimizing the  consumption of phytochemicals 
and acid–base balance through these dietary and lifestyle 
alterations may act as an additional preventive strategy in 
addition to traditional MS treatment options, while fur-
ther study on dietary interventions is still needed.

There are limitations requiring mention. The study 
results could be impacted by recall bias, confounding 
variables, and the challenge of establishing causal rela-
tionships. Misclassification of dietary components may 
occur due to recall bias. At the same time, confounding 
factors such as genetic predisposition or environmental 
factors may obscure the underlying link between these 
items and chance of MS. Selection bias due to the spe-
cific locations the controls and cases were recruited from 
might limit the generalizability of the findings to other 
populations or geographic areas. Furthermore, the lim-
ited external validity, as the study was conducted on a 
specific Iranian population, might not apply to other eth-
nic or demographic groups due to differences in dietary 
habits, genetic backgrounds, and environmental expo-
sures. Hence, it is imperative to interpret the study’s 
findings in light of these potential biases and limitations. 
These limitations, however, underscore the need for fur-
ther research in this area, building upon the foundation 
laid by this study.

Conclusion
The present study revealed a higher prevalence of smok-
ing and obesity, evidenced by an elevated total body fat 
percentage and a lower fat-free mass, among individu-
als with MS compared to their healthy counterparts. 
Concomitantly, MS patients exhibited a diminished DPI 
score, coupled with an increased DAL value. Optimizing 
nutritional strategies through the increased consump-
tion of phytochemical-rich, plant-based foods and mod-
ulating the dietary acid–base balance may hold promise 
as an adjunctive therapeutic approach, complement-
ing traditional treatment modalities for MS. The study 
provides valuable information on the potential links 
between diet and MS, but further research, particularly 
prospective cohort studies, are needed to confirm these 
findings and explore the mechanisms involved.

Abbreviations
MS  Multiple sclerosis
CNS  Central nervous system
RRMS  Relapsing–remitting MS
FFQ  Food frequency questionnaire
BMI  Body mass index
WC  Waist circumference
DDS  Dietary Diversity Score
NEAP  Net Endogenous Acid Production
PRAL  Potential Renal Acid Load
DAL  Dietary Acid Load



Page 8 of 9Hatami et al. BMC Nutrition           (2024) 10:93 

Acknowledgements
Not applicable.

Trial registration
The Mashhad University of Medical Sciences approved the study with num‑
bers IR.MUMS.REC.1393.182.

Author contributions
AH, FK and MAK Drafted the manuscript for intellectual content; contributed 
to the manuscript’s writing; revised the manuscript for intellectual content; 
Design and conceptualization; major role in the acquisition of data; project 
administration. MH and RJ contributed to the manuscript’s writing. MH par‑
ticipated in collecting the data. AJE Analysed and interpreted the data; inter‑
preted the data; revised the manuscript for intellectual content. MN Design 
and conceptualization; funding acquisition; Conceptualization; supervision. All 
the authors have read and approved the final manuscript.

Funding
This study was financially supported by a grant from Mashhad University of 
Medical Sciences (MUMS), Mashhad, Iran. (award/grant numbers: 930169).

Availability of data and materials
The data supporting this study’s findings are available from the corresponding 
author for all researchers interested in the subject matter upon reasonable 
request.

Declarations

Ethics approval and consent to participate
The research received approval from the Research Committee of the Mashhad 
University of Medical Sciences, Iran. The study adheres to the principles out‑
lined in the Declaration of Helsinki. All participants provided written informed 
consent before participating in this study. Moreover, it was approved by the 
Ethics Committee of the Research Vice‑Chancellor at Mashhad University of 
Medical Sciences (IR.MUMS.REC.1393.182), and all personal information about 
participants will be kept secure in a database.

Consent for publication
Not applicable, as there are no identifying images of participants presented or 
to be presented in reports of trial results.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Nutrition, Faculty of Medicine, Mashhad University of Medical 
Sciences, Mashhad 91779‑48564, Iran. 2 Student Research Committee, Semnan 
University of Medical Sciences, Semnan, Iran. 3 Metabolic Syndrome Research 
Center, Mashhad University of Medical Sciences, Mashhad, Iran. 

Received: 20 November 2023   Accepted: 19 June 2024

References
 1. Matute‑Blanch C, Montalban X, Comabella M. Chapter 5 ‑ Multiple sclero‑

sis, and other demyelinating and autoimmune inflammatory diseases of 
the central nervous system. In: Deisenhammer F, Teunissen CE, Tumani H, 
editors. Handbook of Clinical Neurology. 146: Elsevier; 2018. p. 67–84.

 2. Keykhaei F, Norouzy S, Froughipour M, Nematy M, Saeidi M, Jarahi L, et al. 
Adherence to healthy dietary pattern is associated with lower risk of 
multiple sclerosis. J Central Nerv Syst Dis. 2022;14:11795735221092516.

 3. Dobson R, Giovannoni G. Multiple sclerosis–a review. Eur J Neurol. 
2019;26(1):27–40.

 4. Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie RA, et al. Rising 
prevalence of multiple sclerosis worldwide: Insights from the Atlas of MS. 
Multiple Sclerosis J. 2020;26(14):1816–21.

 5. Petković F, Castellano B. The role of interleukin‑6 in central nervous 
system demyelination. Neural Regen Res. 2016;11(12):1922–3.

 6. Waubant E, Lucas R, Mowry E, Graves J, Olsson T, Alfredsson L, Langer‑
Gould A. Environmental and genetic risk factors for MS: an integrated 
review. Ann Clin Transl Neurol. 2019;6(9):1905–22.

 7. Esposito S, Bonavita S, Sparaco M, Gallo A, Tedeschi G. The role of diet in 
multiple sclerosis: A review. Nutr Neurosci. 2018;21(6):377–90.

 8. Fitzgerald KC, Tyry T, Cofield S, Salter A, Fox R, Cutter G, Marrie R‑A. A 
survey of current dietary habits within a large population of people with 
multiple sclerosis. Mult Scler Relat Disord. 2018;22:12–18.

 9. Hosseini Z, Behrouz M, Philippou E, Keykhaei F, Nematy M. Dietary pat‑
terns and risk of multiple sclerosis: A case control study. J Nutr Sci Dietet‑
ics. 2017;3(3):3–10.

 10. Hatami A, Ahmadi‑Khorram M, Keykhaei F, Esfehani AJ, Nematy M. Asso‑
ciation between the risk of multiple sclerosis and dietary proinflamma‑
tory/anti‑inflammatory food intake and dietary diversity: a case‑control 
study. Clin Nutr Res. 2024;13(1):61–73.

 11. Storz MA, Ronco AL, Hannibal L. Observational and clinical evidence that 
plant‑based nutrition reduces dietary acid load. J Nutr Sci. 2022;11:e93.

 12. Shen J, Shan J, Zhong L, Liang B, Zhang D, Li M, Tang H. Dietary phyto‑
chemicals that can extend longevity by regulation of metabolism. Plant 
Foods Hum Nutr. 2022;77(1):12–9.

 13. McCarty MF. Proposal for a dietary “phytochemical index.” Med Hypoth‑
eses. 2004;63(5):813–7.

 14. Banerjee T, Crews DC, Wesson DE, Tilea A, Saran R, Rios Burrows N, et al. 
Dietary acid load and chronic kidney disease among adults in the United 
States. BMC Nephrol. 2014;15(1): 137.

 15. Buoso E, Biundo F, Attanzio A. New therapeutic approaches against 
inflammation and oxidative stress in neurodegeneration. Oxid Med Cell 
Longev. 2022;2022:9824350.

 16. Javed H, Nagoor Meeran MF, Azimullah S, Adem A, Sadek B, Ojha SK. 
Plant extracts and phytochemicals targeting α‑synuclein aggregation in 
Parkinson’s disease models. Front Pharmacol. 2019;9: 1555.

 17. Saeedirad Z, Ariyanfar S, Noormohammadi M, Ghorbani Z, Naser Mogha‑
dasi A, Shahemi S, et al. Higher dietary acid load might be a potent 
derivative factor for multiple sclerosis: the results from a case–control 
study. Nutrients. 2023;15(15): 3311.

 18. Ruiz‑Argüelles A, Méndez‑Huerta MA, Lozano CD, Ruiz‑Argüelles GJ. 
Metabolomic profile of insulin resistance in patients with multiple 
sclerosis is associated to the severity of the disease. Multiple sclerosis and 
related disorders. 2018;25:316–21.

 19. Mahdavi A, Bagherniya M, Mirenayat MS, Atkin SL, Sahebkar A. Medicinal 
plants and phytochemicals regulating insulin resistance and glucose 
homeostasis in type 2 diabetic patients: a clinical review. Adv Exp Med 
Biol. 2021;1308:161–83.

 20. Smeha L, Fassula AS, Franco Moreno YM, Gonzalez‑Chica DA, Nunes 
EA. Dietary acid load is positively associated with insulin resistance: a 
population‑based study. Clinical nutrition ESPEN. 2022;49:341–7.

 21. Ghazizahedi S, Nouri M, Norouzy A, Nemati M, Safarian M, Mohajeri SAR, 
et al. Scientific: validity and reproducibility of Iranian food frequency 
questionnaire. 2014.

 22. Jahromi SR, Toghae M, Jahromi MJR, Aloosh M. Dietary pattern and risk of 
multiple sclerosis. Iran J Neurol. 2012;11(2):47.

 23. Control CfD, Prevention. National health and nutrition examination 
survey (nhanes): Anthropometry procedures manual. Atlanta, GA: Centers 
for Disease Control and Prevention. 2007:15‑6.

 24. Organization WH. Obesity: preventing and managing the global epi‑
demic: report of a WHO consultation. 2000. Report No.: 9241208945.

 25. Frassetto LA, Todd KM, Morris RC Jr, Sebastian A. Estimation of net endog‑
enous noncarbonic acid production in humans from diet potassium and 
protein contents. Am J Clin Nutr. 1998;68(3):576–83.

 26. Remer T, Manz F. Estimation of the renal net acid excretion by adults 
consuming diets containing variable amounts of protein. Am J Clin Nutr. 
1994;59(6):1356–61.

 27. Schober P, Vetter TR. Logistic regression in medical research. Anesth 
Analg. 2021;132(2):365–6.

 28. Gianfrancesco MA, Barcellos LF. Obesity and multiple sclerosis susceptibil‑
ity: a review. J Neurol Neuromedicine. 2016;1(7):1.

 29. Munger KL, Chitnis T, Ascherio A. Body size and risk of MS in two cohorts 
of US women. Neurology. 2009;73(19):1543–50.

 30. Hedström AK, Olsson T, Alfredsson L. High body mass index before age 
20 is associated with increased risk for multiple sclerosis in both men and 
women. Mult Scler J. 2012;18(9):1334–6.



Page 9 of 9Hatami et al. BMC Nutrition           (2024) 10:93  

 31. Wesnes K, Riise T, Casetta I, Drulovic J, Granieri E, Holmøy T, et al. Body size 
and the risk of multiple sclerosis in Norway and Italy: the EnvIMS study. 
Mult Scler J. 2015;21(4):388–95.

 32. De Heredia FP, Gómez‑Martínez S, Marcos A. Obesity, inflamma‑
tion and the immune system. Proceedings of the Nutrition Society. 
2012;71(2):332–8.

 33. Stoiloudis P, Kesidou E, Bakirtzis C, Sintila SA, Konstantinidou N, Boziki M, 
Grigoriadis N. The role of diet and interventions on multiple sclerosis: a 
review. Nutrients. 2022;14(6):1150.

 34. Greer JM, McCombe PA. Role of gender in multiple sclerosis: clini‑
cal effects and potential molecular mechanisms. J Neuroimmunol. 
2011;234(1–2):7–18.

 35. Hedström AK, Hillert J, Olsson T, Alfredsson L. Smoking and multiple 
sclerosis susceptibility. Eur J Epidemiol. 2013;28(11):867–74.

 36. Liu X, Morris MC, Dhana K, Ventrelle J, Johnson K, Bishop L, et al. 
Mediterranean‑DASH Intervention for Neurodegenerative Delay (MIND) 
study: Rationale, design and baseline characteristics of a randomized 
control trial of the MIND diet on cognitive decline. Contemp Clin Trials. 
2021;102:106270.

 37. Saeedirad Z, Ariyanfar S, Noormohammadi M, Ghorbani Z, Naser Mogha‑
dasi A, Shahemi S, et al. Higher dietary acid load might be a potent 
derivative factor for multiple sclerosis: the results from a case‑control 
study. Nutrients. 2023;15(15):3311.

 38. Koskderelioglu A, Gedizlioglu M, Eskut N, Tamer P, Yalcin G, Bozkaya G. 
Impact of chemerin, lipid profile, and insulin resistance on disease param‑
eters in patients with multiple sclerosis. Neurol Sci. 2021;42(6):2471–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Dietary acid load as well as dietary phytochemical index, and association with multiple sclerosis: results from a case–control study
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusions 

	Highlights 
	Introduction
	Methods
	Study design and participants
	The exclusion criteria for both groups were as follows:
	Sample size
	Data collection tools
	Demographic data
	Anthropometric measurements
	Assessment of dietary intake

	Dietary acid acid‒base calculation
	DPI calculation
	Statistical analysis

	Results
	Discussion
	Body composition and fat distribution
	Gender differences in the chance of developing multiple sclerosis
	Smoking as a risk factor for multiple sclerosis
	Dietary phytochemical index and chance of MS
	Dietary acid load and chance of MS

	Conclusion
	Acknowledgements
	References


