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Association between dietary acid 
load and the odds of ulcerative 
colitis: a case–control study
Mina Movahedian 1, Hadi Emamat 2,3, Hadith Tangestani 3, Samaneh Rashvand 4, 
Hamid Ghalandari 5, Mohammad Hossein Somi 6 & Azita Hekmatdoost 4*

Ulcerative colitis (UC) is one of the two types of inflammatory bowel disease (IBDs), which have a 
pivotal role in weakening the quality of lives of suffering patients. According to some recent studies, 
significant changes in dietary patterns may have contributed to the increased prevalence of UC. 
Potential renal acid load (PRAL) is an index used to estimate dietary acid load of the diet. The aim of 
the current study is to investigate the association between PRAL and odds of UC. The current case–
control study included 62 newly diagnosed cases of UC and 124 healthy controls. Dietary habits of 
participants in the last year were collected with a valid food frequency questionnaire (FFQ). Thereafter, 
PRAL score was calculated based on a formula containing the dietary intake of protein, phosphorus, 
potassium, calcium, and magnesium. Participants were categorized according to quartiles of 
PRAL. Multivariable logistic regression models were used to estimate the odds’ ratio (OR) with 95% 
confidence intervals (CIs) of UC across quartiles of PRAL. The results of the current study indicated 
that in the crude model, participants in the fourth quartile of PRAL had 2.51 time higher odds of 
UC compared with those in the first quartile of the PRAL [(OR 2.51; 95% CI 1.03–6.14), (P = 0.043)]. 
After adjustment for age and biological gender, this positive association remained significant [(OR 
2.99; 95% CI 1.16–7.72), (P = 0.023)]. In the final model, after further adjustment for BMI, current 
smoking, education, Helicobacter pylori infection, and dietary intakes of total energy, omega-3 fatty 
acids, trans-fatty acids, and total dietary fiber, the odds of UC in the highest quartile of PRAL was 
significantly higher compared to the lowest quartile [(OR 3.08; 95% CI 1.01–9.39), (P = 0.048)]. So, we 
observed that higher dietary acid load assessed by PRAL score is associated with greater odds of UC.
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GERD	� Gastro-esophageal reflux disease
GI	� Gastro-intestinal
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NAFLD	� Non-alcoholic fatty liver disease
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PUFA	� Polyunsaturated fatty acid
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TAC​	� Total antioxidant capacity
UC	� Ulcerative colitis

Inflammatory bowel diseases (IBDs) are chronic, relapsing inflammatory disorders of the gastrointestinal (GI) 
tract, characterized by abdominal pain and diarrhea. There are two main phenotypes of IBDs, namely ulcerative 
colitis (UC) and Crohn’s disease (CD). These disorders drastically affect the quality of life of suffering patients1. 
The prevalence of UC is increasing all over the world2. Moreover, UC-related morbidity and mortality, health 
care, and societal costs are significant3. Various factors are involved in the pathophysiology of UC, including 
genetics, environmental factors, immune system disorders, and epithelial barrier defects4. It has been suggested 
that remarkable changes in dietary patterns during the past decades might play a role in the increased prevalence 
of UC5,6.

It has been hypothesized that dietary factors play a pivotal role in the initiation and development of UC7–9. 
Several dietary patterns, such as Western dietary regimen, dietary patterns rich in animal proteins and animal 
products, those with high content of saturated fats or altered ratios of omega-6 to omega-3, and those low in 
fruits and vegetables have been postulated to contribute to increased intestinal inflammation10–13. Therefore, it 
can be deduced that changing the dietary pattern in individuals with active IBDs, from an animal-based diet to 
a predominantly plant-based diet, might result in the inhibition of intestinal inflammation, reduction of disease 
severity, and maintaining the clinical remission10. In contrast, following a Western dietary approach rich in ani-
mal meat, dairy products, fat, simple sugars, processed meats, alcohol, and restricted in vegetables and fruits, has 
been shown to be associated with an increased risk of developing IBDs14,15. Evidence also suggests that following 
the Mediterranean dietary pattern is significantly related to improved clinical condition and reduction of inflam-
matory markers14,16,17. Furthermore, there exists abundant evidence that the individual’s dietary composition 
can affect the acid–base balance of the body18,19. For instance, it has been claimed that consumption of potas-
sium and magnesium (provided mainly by the intake of fruits and vegetables) may be associated with a more 
alkaline environment in the human body. On the contrary, consuming a western diet is usually associated with 
increased acidity20,21. Based on studies, the kidneys remove the products of metabolism of some anions (chlorine, 
phosphorus and sulphate), organic acids and cations (sodium, potassium, calcium, magnesium). If the amount 
of anions exceed the cations, the urinary acid excretion mechanism (hydrogen ion H+) is stimulated22. Potential 
renal acid load (PRAL) is an index used to estimate dietary acid load of the diet23. In other word, PRAL is a 
capacity of acid or base production of any food, which includes the amount of endogenously synthesized organic 
acids22. The concept of PRAL calculation is physiologically based and takes under consideration the diverse 
rates of intestinal absorption of sulfur-containing minerals and proteins, as well as the sum of sulfate produced 
from metabolized proteins24. Therefore, PRAL is an index calculated from the sum of proteins and phosphorus 
as an anion, minus some cations such as potassium, calcium and magnesium25. A lower PRAL indicates a more 
alkaline diet which results in an elevated 24-h urinary pH26. If the body fails to maintain the acid–base balance, 
dietary acid load can cause metabolic acidosis21.

Several experimental studies have postulated that metabolic acidosis can lead to tissue damage and, conse-
quently, initiate inflammatory responses27–29. Human studies have also indicated such an association between 
acid load and inflammatory status of the body. For instance, Wu et al. demonstrated that a higher dietary acid 
load (i.e. a higher PRAL) is associated with the increased levels of C-reactive protein (CRP) (an important inflam-
matory marker) in breast cancer survivors21. Different studies have been conducted to investigate the association 
between the dietary acid load and the progression of various disorders, such as non-alcoholic fatty liver disease 
(NAFLD)30,31, diabetes mellitus32, hyperuricemia26, albuminuria and impaired kidney function33, breast cancer21, 
and osteoporosis34. Nonetheless, the association between dietary acid load and the incidence/recurrence of IBDs 
has not been investigated. Due to this vacancy of information, the present study was designed to investigate the 
association between PRAL and UC.

Methods
Participants.  The present case–control study was conducted on newly diagnosed UC patients (< 6 months) 
in a referral hospital during the year 2013, Tabriz city, Iran. The details of study protocol have been published 
elsewhere35. Briefly, sixty two newly diagnosed patients (< 6 months) with UC were recruited as the case group. 
Inclusion criteria for the cases included: individuals recently diagnosed with UC, based on patients’ signs and 
symptoms and their colon tissue pathology report. The exclusion criteria for the case group included history of 
any other gastrointestinal diseases, carcinoma, and other inflammatory, infectious, and autoimmune disorders. 
One hundred and twenty-four age- and sex-matched healthy subjects were enrolled in the study as the control 
group. The control group was selected from individuals without UC visiting orthopedic clinics of the same 
referral hospital. The individuals suffering from gastrointestinal illnesses/symptoms (gastro-esophageal reflux 
disease (GERD), diarrhea, irritable bowel syndrome (IBS), and abdominal pains) or conditions which might 
have caused drastic changes of dietary habits (i.e. metabolic diseases, including diabetes mellitus, cardiovascular 
diseases (CVDs), gout, and hyperlipidemia) were excluded from the control group. The age range for the two 
groups was 20–80 years.

Participants completed an informed consent prior to enrollment. Information about demography, medical 
history, body mass index (BMI), drugs, dietary intake, current smoking, Helicobacter pylori infection, education 
level, and familial history of UC were obtained through completing the general information questionnaire. The 
study protocol was approved by the ethics committee of the Shahid Beheshti University of Medical Sciences 
(ethical code: IR.SBMU.RETECH.REC.1401.723. All methods were performed in accordance with the relevant 
guidelines and regulations.
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Dietary assessment and calculation of potential renal acid load (PRAL).  Dietary habits of partici-
pants in the last year were collected by a trained interviewer with a valid and reliable 168 items food frequency 
questionnaire (FFQ)36. Then PRAL score was calculated based on the dietary intake of protein, phosphorus, 
potassium, calcium, and magnesium using the following formula25:

Statistical analysis.  The data was analyzed using Statistical Package for Social Sciences software (version 
20.0; SPSS, Chicago, IL, USA). Kolmogorov–Smirnov test was used to evaluate normality. The qualitative and 
quantitative variables were compared between groups using the chi-square test and independent t-test or one-
way ANOVA test, respectively. Participants were categorized according to quartiles of PRAL (Q1: − 59.49 to 
− 9.87, Q2: − 9.45 to − 0.28, Q3: − 0.08 to 7.79, Q4: 7.80 to 41.51). We used multivariable logistic regression 
models to estimate the odds ratio (OR) of UC across quartiles of PRAL. In all models, the first quartile was 
determined as the reference. In logistic regression analysis, UC and PRAL were considered as the dependent 
and independent variables, respectively. The ORs and 95% confidence intervals (CIs) were reported. Possible 
confounding factors, including gender (male/female), age (years), BMI (Kg/m2), current smoking (yes/no), edu-
cation (Primary, Secondary and high school or university education), Helicobacter pylori infection (yes/no), and 
dietary intakes of total energy (kcal/day), omega-3 fatty acids (g/day), trans-fatty acids (g/day), and total dietary 
fiber (g/day) were adjusted in the final model. P-values < 0.05 were considered as statistically significant.

Ethics approval and consent to participate.  The study protocol was approved by the ethics committee 
of the Shahid Beheshti University of medical sciences (ethical code: IR.SBMU.RETECH.REC.1401.723.). Writ-
ten informed consent was signed by all subjects participated.

Results
General characteristics and dietary intakes of participants across quartiles of PRAL are presented in Table 1. 
Sixty-two recently newly diagnosed UC patients and 124 healthy controls were included in the present study. 
The mean ± standard deviation (SD) of age and BMI of all subjects were 36.63 ± 12.42 years and 25.39 ± 3.82 kg/
m2, respectively. The frequency of male sex was significantly different between the quartiles of PRAL (P = 0.026). 
Also, total calories, total proteins, total fat, saturated fatty acids (SAFA) and monounsaturated fatty acids (MUFA) 
were significantly different across quartiles of PRAL (P < 0.05). Regarding other general characteristics, there 
was no significant difference between PRAL quartiles.
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−
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Table 1.   General characteristics and dietary intakes of participants according to the quartiles of PRAL. Data 
are presented as mean (standard deviation) for continuous variables and percent for categorically distributed 
variables. a Chi-square test for qualitative variables and one-way ANOVA test for quantitative variables. PRAL 
potential renal acid load, UC ulcerative colitis.

Quartiles of PRAL

Q1(n = 47) Q2 (n = 46) Q3 (n = 47) Q4 (n = 46) P-valuea

Age (years) 37.80 ± 12.8 36.97 ± 13.1 39.02 ± 12.4 32.65 ± 10.5 0.07

Male (%) 29.8 37 48.9 58.7 0.026

Body mass index (kg/m2) 25.82 ± 3.8 25.39 ± 3.7 25.81 ± 3.5 24.52 ± 4.1 0.31

Education (%) 0.70

 Primary 10.6 8.7 6.4 2.2

 Secondary and high school 55.3 47.8 53.2 52.2

 University 34 43.5 40.4 45.7

Current Smoking (%) 6.4 15.2 8.5 4.3 0.27

H. pylori infection (%) 0 6.5 4.3 6.5 0.36

Family history of UC (%) 2.1 0 2.1 0 0.57

Total calories (Kcal/day) 2584.3 ± 598.7 2573.1 ± 661.6 2623.7 ± 542.8 3001.3 ± 592.8 0.001

Total carbohydrate (g/day) 366.5 ± 82.1 350.5 ± 99.9 353.1 ± 82.2 380.6 ± 87.3 0.33

Total protein (g/day) 81.1 ± 18.5 84.6 ± 27.3 90.2 ± 20.5 114.6 ± 31.2  < 0.001

Total fat (g/day) 95.2 ± 30.2 98.0 ± 27.5 99.6 ± 26.9 117.5 ± 30.6 0.001

SAFAs (g/day) 27.2 ± 9.86 27.8 ± 9.32 29.5 ± 11.7 34.4 ± 10.5 0.004

MUFAs (g/day) 31.8 ± 10.2 33.6 ± 9.77 33.2 ± 9.16 40.1 ± 10.9 0.001

PUFAs (g/day) 23.1 ± 8.62 23.7 ± 7.93 22.9 ± 7.82 26.3 ± 6.90 0.13

Trans-fatty acids (g/day) 0.027 ± 0.011 0.031 ± 0.007 0.010 ± 0.002 0.026 ± 0.007 0.57

Total dietary fiber (g/1000 kcal) 20.91 ± 6.84 21.97 ± 8.33 20.14 ± 7.30 22.24 ± 8.06 0.52
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Dietary intakes of participants in the case and control groups are presented in Table 2. Dietary intake of total 
calories, carbohydrate, fat, protein, SAFA, MUFA, polyunsaturated fatty acid (PUFA), phosphorus, potassium, 
and magnesium were significantly higher in cases (P < 0.05). The range and mean ± SD of cases and controls 
pertaining to PRAL scores were − 59.49 to 41.51 and − 0.24 ± 14.76 mEq/day, respectively.

The ORs (95% CI) of UC across quartiles of PRAL are shown in Table 3. In the crude model, participants in 
the fourth quartile of PRAL had 2.51 time higher odds of UC compared with those in the first quartile of the 
PRAL [(OR 2.51; 95% CI 1.03–6.14), (P = 0.043)]. After adjustment for age and biological gender, this positive 
association remained significant [(OR 2.99; 95% CI 1.16–7.72), (P = 0.023)]. In the final model, after further 
adjustment for BMI, current smoking, education, Helicobacter pylori infection, and dietary intakes of total energy, 
omega-3 fatty acids, trans-fatty acids, and total dietary fiber, the odds of UC in the highest quartile of PRAL was 
significantly higher compared to the lowest quartile [(OR 3.08; 95% CI 1.01–9.39), (P = 0.048)].

Discussion
In the present case–control study, we observed that there is a positive association between dietary acid load 
assessed by PRAL score and the development of UC. After adjusting for confounding variables, our results 
showed that subjects in the highest quartile of PRAL were approximately 3 times more likely to develop UC 
than those in the lowest quartile.

Diet is one of the main determinants of the acid load in the body, which must excreted by the kidneys37. In 
general, foods such as cheese, meat, eggs and grains create an acid load, whereas fruits and vegetables provide 
alkali in the body. Based on this, plant-based dietary patterns are considered to be mainly reducing, and on the 
contrary, animal-based dietary patterns are considered to be mainly increasing the acid load or PRAL in the 
body38.

To the best of our knowledge, there has been no study investigating the association between the dietary acid 
load and the risk of IBDs. Nonetheless, research indicates a positive correlation between animal-based diets and 
the likelihood of developing IBDs, whereas plant-based dietary approaches have demonstrated a negative associa-
tion with the probability of being affected by IBDs39. In line with the findings of the current study, a large prospec-
tive cohort study involving 125,445 participants and a 14-year follow-up period revealed an 11% increased risk 

Table 2.   Dietary intakes of cases and controls. Data are presented as mean ± standard deviation. a Independent 
sample t-test test. PUFA polyunsaturated fatty acid, MUFA monounsaturated fatty acid, SAFA saturated fatty 
acid, PRAL Potential renal acid load.

Case (n = 62) Controls (n = 124) P valuea

Total calories (kcal/day) 2902.3 ± 643.3 2590.8 ± 585.2 0.001

Total carbohydrate (g/day) 381.54 ± 86.25 353.25 ± 88.05 0.039

Total fat (g/day) 113.81 ± 34.95 96.92 ± 25.46 0.001

SAFAs (g/day) 32.92 ± 11.83 28.19 ± 9.78 0.004

MUFAs (g/day) 39.17 ± 12.73 32.43 ± 8.27  < 0.001

PUFAs (g/day) 26.02 ± 9.06 23.01 ± 7.08 0.024

Trans-fatty acids (g/day) 0.0135 ± 0.01 0.0119 ± 0.01 0.17

Total dietary fiber (g/1000 kcal) 20.19 ± 6.92 21.87 ± 7.94 0.15

PRAL, mEq/day 2.57 ± 15.24 − 1.66 ± 14.37 0.06

Protein (g/day) 100.79 ± 33.43 88.49 ± 23.82 0.011

Phosphorus (mg/day) 1648.26 ± 461.52 1516.48 ± 399.63 0.046

Potassium (mg/day) 3847.82 ± 959.57 3588.36 ± 993.67 0.09

Calcium (mg/day) 1173.44 ± 372.58 1153.67 ± 353.37 0.72

Magnesium (mg/day) 434.79 ± 103.19 399.27 ± 106.77 0.032

Table 3.   The OR (95%CI) of UC across quartile categories of PRAL. Significant values are in bold. 
a Multivariable logistic regression test. *Crude model. † Adjusted for age and gender. ‡ Additionally adjusted for 
body mass index, current smoking, education, Helicobacter pylori infection, total energy intake, omega-3 fatty 
acids, trans-fatty acids, and total dietary fiber. PRAL potential renal acid load.

Dietary potential renal acid load

Q1(n = 47) Q2 (n = 46) P-value Q3 (n = 47) P-Value Q4 (n = 46) P-valuea

Cases/controls 11/36 18/28 13/34 20/26

Range of PRAL mEq/day − 59.49 to − 9.87 − 9.45 to − 0.28 − 0.08 to 7.79 7.80 to 41.51

Model 1* 1.00 (Ref) 2.10 (0.85–5.16) 0.10 1.25 (0.49–3.17) 0.63 2.51 (1.03–6.14) 0.043

Model 2† 1.00 (Ref) 2.18 (0.88–5.41) 0.09 1.29 (0.50–3.32) 0.59 2.99 (1.16–7.72) 0.023

Model 3‡ 1.00 (Ref) 2.41 (0.85–6.86) 0.09 1.70 (0.57–5.11) 0.33 3.08 (1.01–9.39) 0.048
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of developing UC, associated with a dietary pattern that includes both white and red meat varieties40. In another 
cohort study with even larger scales, it was observed that higher intake of total meat and red meat increases the 
risk of UC by 40% and 60%, respectively41. Likewise, Limketkai et al. showed that, compared to a Western diet, 
following a plant-based diet can reduce active symptoms of the UC by 70%42.

Some mechanisms have been proposed to justify the association between various dietary patterns and IBDs. 
Amongst these, higher total antioxidant capacity (TAC) provided by a diet composed mainly of plant-based 
foodstuff seems likely to play a role in reducing the risk of UC43. Moreover, recent studies propose that changes 
of the intestinal microbiota might be imperative in the pathophysiology of IBDs44. On this note, the prebiotic 
effects of a diet rich in insoluble fibers, leading to increased production of short-chain fatty acids (SCFAs) that 
can modify gut microbial composition, have also been proposed as an additional mechanism by which this 
dietary approach may influence the risk of IBDs45,46. On the other hand, an animal-based regimen is believed 
to negatively affect the diversity and composition of gut microbiota, paving the way for a more IBD-inducing 
environment47. Furthermore, the production of toxic metabolites by intestinal bacteria, such as hydrogen sulfide 
(H2S) produced from bacterial metabolization of unabsorbed sulfur-containing amino acids, can compromise the 
integrity of intestinal integrity, leading to impaired barrier function of colonic epithelial cells. These metabolites 
have also been postulated to interfere with the proliferation of these cells and, thus, hinder their regeneration. 
These pathways might eventually incentivize an already susceptible environment towards colonic abnormalities, 
including UC48,49.

The end-products obtained from metabolizing animal-based foodstuff tend to produce a net acidic content, 
as opposed to more alkaline metabolites produced from plant-based foodstuff23. Chronic dietary acidic con-
ditions in the body, accompanied by changes in the body’s buffering capacity, eventually lead to a low-grade 
metabolic acidosis, inflammation, and cell and tissue damage23,50. Studies on human subjects also indicate a link 
between dietary acid load and inflammation. For instance, Wu et al. showed that breast cancer survivors who 
are in the highest dietary acid load quartile have 30–33% higher plasma levels of C-reactive protein (CRP)21. 
Likewise, another study showed that PRAL had a significant correlation with TNF-α levels51. It is worthy of note 
that prolonged inflammatory state of the intestinal mucosa has been postulated to be one of the main factors in 
the pathogenesis of UC52, presenting another link between an animal-based regimen and the pathophysiology 
of the disease. In addition, studies have found that dietary acid load can also exert adverse metabolic effects 
by increasing blood levels of cortisol19; on the same note, it has been observed that cortisol levels are higher in 
more severe cases of IBDs53. These observations propose additional justifications for the presumed association 
between PRAL and UC.

To the best of our knowledge, the association between dietary acid load and the odds of UC has not been 
previously investigated through a well-designed case–control study. Also, the study was conducted in Iran as 
a developing country where cultural and socio-economic factors play major roles in creating significant inter-
individual variances in dietary intake. However, this study had some limitations. Firstly, the case–control design 
of the study cannot ensure a causal relationship; further investigations, especially in the format of cohort and 
interventional studies, are needed to certify the directionality of the observed association. Secondly, although the 
FFQ questionnaire used in the present study has been validated, it is inherently subject to recall bias and measure-
ment errors. Also, the limitation of the sample size did not allow us to create sex-specific quartiles. Finally, more 
objective measurements, including biomarkers, such as serum levels of inflammatory markers and electrolytes 
and the composition of intestinal microbiota are suggested to be taken into consideration in future studies.

Conclusion
In the current study, it was observed that higher dietary acid load assessed by PRAL score is associated with 
greater odds of UC. We recommend that future prospective studies with long-term follow-up periods be con-
ducted to further clarify the causal relationship between dietary acid load and the risk of UC.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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