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Abstract

Background. The potential influence of disorders of acid/base homeostasis on cardiovascular risk factors
has been suggested.

Objectives. The aim of the study was to estimate the relationship between dietary acid load and
the prevalence of cardiovascular disease and the prevalence and intensity of cardiovascular risk factors
(e, hypertension, diabetes, overweight and obesity, dyslipidemia) in the Polish adult population.

Material and methods. Data was derived from a cross-sectional survey of a random sample of 6170 Polish
residents aged 20+ (Multi-Center National Population Health Examination Survey, WOBASZ Il study), including
anthropometric and laboratory measurements, and estimates of nutrient intakes by 24-hour recall. Dietary
acid/base load was assessed as potential renal acid load (PRAL) and net endogenous acid production (NEAP).

Results. The median PRAL and NEAP values for the whole study population were: PRAL —3.85 mEq/day
and NEAP 39.79 mEq/day. The prevalence of overweight and obesity, both in males and females, tended
to decrease across tertiles of PRAL and to increase across tertiles of NEAP. In females, the values of several
metabolic characteristics differed across tertiles of NEAP. After adjustment for age and waist circumference,
these relationships did not persist, but the prevalence of diabetes was found to increase across tertiles of PRAL
(p for trend <0.05) in females.

Conclusions. The dietary acid load in the Polish adult population was relatively low. There was no indepen-
dent relationship between dietary acid load and cardiovascular disease and its risk factors in the population
under study, except for the positive association between the PRAL value and diabetes prevalence in females.

Key words: cardiovascular risk factors, Polish population, dietary acid load
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The body’s acid/base balance is one of the essential
factors that influence the human metabolism and thus
also health.'? Its disturbances may negatively affect the
organism. Metabolic acidosis seems to foster osteoporo-
sis and renal calculosis. It was also suggested that it may
contribute to the development of arterial hypertension,
atherosclerosis, diabetes, and cancer.3-8

It is widely accepted that diet may influence the body’s
acid/base balance as consumed nutrients are precursors
to nonvolatile acids (hydrogen sulphate that arises from
sulfur-containing amino acids, and phosphoric acid from
phospholipids) and alkaline substances (cations of potas-
sium, magnesium and calcium). Meat, fish, cheese, cere-
als, and rice have a relatively high acid-forming potential,
while fruits, legumes, vegetables, red wine and potatoes
have a base-forming potential.® The Western dietary pat-
tern is characterized by a big share of products of high
acid load, which impedes the maintenance of the optimal
body acid/base balance, i.e., the lack of acidosis or mild
metabolic acidosis.’

It is possible to calculate the potential renal acid load
(PRAL) of every food item or diet as a whole. A negative
PRAL value indicates a base-forming potential of the
ingested food, while a positive value points to its acid-
forming potential.}112

The daily PRAL, along with a relatively constant 24-hour
amount of organic acids excreted with urine, which is re-
lated to the individual body surface area, contributes to the
daily renal net acid excretion. There are 2 methods that en-
able the evaluation of renal net acid excretion. One of them
is a direct measurement in the 24-hour urine collection.
The 2", more practical to be applied in epidemiological
studies, relies on calculations using validated formulae that
take into account nutrient intake data. There are several
available algorithms created for the prediction of the daily
net endogenous acid production (NEAP).!?

Until now, no large epidemiological study that would
evaluate the link between the dietary acid load and car-
diovascular risk in the Polish population has been per-
formed. The aim of our investigation was to estimate the
relationship between dietary acid load and the prevalence
and intensity of cardiovascular disease risk factors (i.e.,
hypertension, diabetes, overweight and obesity, dyslipid-
emia) and the prevalence of cardiovascular disease (CVD)
in the Polish population.

Material and methods
Study procedure

The data that was used in the present study came from
the Multi-Center National Population Health Examina-
tion Survey (WOBASZ II study). The project was carried
out by the Institute of Cardiology (Warszawa, Poland), to-
gether with 5 medical universities in Poland, in 2013-2014.
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The study was accepted by the Bioethics Committee of In-
stitute of Cardiology in Warszawa.

Study population

The survey included a random sample of inhabitants
of the whole Poland aged 20 and above. A total number
of 6170 respondents participated in the study; 45.5% of the
sample of available randomized subjects. The details con-
cerning the randomization protocol and participant selec-
tion were presented elsewhere.!*

Laboratory measurements

Laboratory tests were performed in the Central Lab-
oratory "Diagnostyka" at the Institute of Cardiology
in Warszawa, which holds the CDC certificate (Center
for Disease Control — Lipid Standardization Program)
in Atlanta and the European certificate of quality RIQAS
(Random International Quality Assessment Scheme).
Measurements of cholesterol and triglycerides, LDL- and
HDL-cholesterol, and glucose concentrations were per-
formed. The details concerning blood sampling, trans-
port, and methodology of measurements were described
elsewhere.!

Assessment of hypertension/
anthropometric measurements

Blood pressure measurements were performed 3 times at
the right arm by means of automatic AND UA-631 devices
(A&D Company Ltd.; R&D Technical Centre, Saitama,
Japan), approved by AAMI (Association for the Advance-
ment of Medical Instrumentation). For the assessment
of the blood pressure value, the average from the 2"¢and
3" measurements was taken.

Dietary assessment

Dietary assessment was performed by skilled nurses us-
ing a quantitative interview on the consumption of prod-
ucts and dishes in the period of 24 h prior to the exami-
nation. For a precise assessment of the amount of food
consumed, an album developed by the Food and Nutri-
tion Institute in Warsaw with over 200 photographs of the
most commonly consumed dishes, products and drinks
was used. Additionally, information about taking dietary
supplements was collected. In the dietary analysis data
from 5690 respondents (2554 males and 3136 females) were
used, after the rejection of 459 cases (197 males and 262 fe-
males) because of a lack or unreliability of the interview.
Based on the conducted interviews, energy and nutritional
values of the diets were calculated, using the Polish food
composition database.'® In the case of vitamins and miner-
als intakes both with food and dietary supplements were
taken into account.
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Calculation of dietary acid load

Values of PRAL and NEAP were calculated from esti-
mated nutrient intakes®:

1. PRAL [mEq/day] = (0.49 x protein [g/day]) + (0.037 x
x phosphorus [mg/day]) — (0.021 x potassium [mg/day]) —
—(0.026 x magnesium [mg/day]) — (0.013 x calcium [mg/day]);

2. NEAP [mEq/day] = PRAL [mEq/day] + OA. [mEq/day].

OA. denotes estimated urinary organic anions, calcu-
lated according to the formula:

OA. [mEq/day] = individual body surface area x 41/1.73

body surface area [m?] = 0.007184 x height [cm]%7% x
x weight [kg]®4%.

Statistical analysis

The results were analyzed in 2 steps. In the 1%, the tertiles
of PRAL and NEAP were defined and the type of distribu-
tion of continuous variables were determined (the Shapiro-
Wilk test). The majority of the variables were non-normal.
Differences of medians between men and women (Table 1)
were tested by the Mann-Whitney-Wilcoxon test. To com-
pare the medians of variables in tertiles of PRAL and NEAP
the nonparametric Kruskal-Wallis test for continuous and
the x test for categorized variables were used. In the case
of significance, or borderline significance of differences
of medians between tertiles, linear trends were analyzed
using the Cochran-Armitage test (Tables 2,3). In the 2™
step, comparison of means or frequency, adjusted by age
and waist circumference, were tested by using the multi-
variate analysis of covariance and regression. Likewise, for
significantly different adjusted means or frequencies, the
linear trends were tested (Tables 4,5). P-values of less than
0.05 were considered statistically significant. Data analyses
were processed using Statistical Analysis System (SAS, v.
9.2, SAS Institute Inc., Cary, USA).

Table 1. Median values of the main characteristics of the study
participants

Total Men
n=6169 | n=2760

Characteristic

e
L= L e
Waist circumference [cm] n 9:26(?(?5 n ;7?()6084 n 8:7%3021 <0.0001
PRAL [mEq/day] TS0t N3 | <0000
NEAP [mEq/day] . ;9_57399 4n 27?54534 : N 4?89360 <0.0001

BMI — body mass index; NEAP — net endogenous acid production;
PRAL — potential renal acid load.
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Results

The median PRAL and NEAP values for the whole
study population were: PRAL -3.85 mEq/day and NEAP
39.79 mEq/day. Both PRAL and NEAP values were signifi-
cantly lower in the female than in the male group, similarly
to the BMI and waist circumference values (Table 1).

Characteristics of participants, stratified by tertiles
of PRAL, are presented in Table 2. There were no signifi-
cant differences across tertiles regarding the prevalence
of smoking habits, CVD, arterial hypertension, diabetes,
and lipid abnormalities, as well as laboratory and clamp
measurements, except for that of HDL-cholesterol level.
Among males there were significantly lower age medi-
ans in higher tertiles of PRAL (p-value for trend across
tertiles <0.0001) and in females significantly the lowest
medians of BMI and waist circumference in the 3" tertile
of PRAL. The prevalence of overweight and obesity in both
males and females tended to decrease across tertiles, with
the p for trend <0.05 and <0.01, respectively.

Characteristics of participants, stratified by tertiles
of NEAP, are shown in Table 3. No significant differences
were found across tertiles concerning education level,
prevalence of smoking habit, cardiovascular disease, ar-
terial hypertension, and lipid abnormalities, except for that
of hypertriglyceridemia in females, with the lowest preva-
lence in the 1% tertile. In males, HDL-cholesterol level was
the lowest, and diastolic blood pressure value the highest
(at the borderline of statistical significance) in the highest
NEAP tertile. In females the values of systolic and diastolic
blood pressure, and also glucose and triglyceride levels
were significantly the lowest, and HDL-cholesterol level
the highest in the 1% than in the higher tertiles of NEAP.

There were significant differences across tertiles
of NEAP concerning age in males and body mass in the
both sexes. In males, the age tended to decrease (p for
trend <0.0001) with the number of tertiles. Both in males
and females BMI tended to increase with tertiles of NEAP
(p for trend <0.0001and <0.001 respectively), as well as
waist circumferences (p for trend <0.0001). In both sexes,
across tertiles of NEAP, the prevalence of overweight and
obesity tended to increase (p for trend <0.05 and <0.001
respectively). In females, the prevalence of diabetes also
tended to increase (p for trend <0.05).

When adjusted for age and waist circumference, there
were no significant differences across tertiles, either
of PRAL and NEAP, concerning the prevalence of CVD,
hypertension, and lipid abnormalities (Tables 4,5). In fe-
males, the prevalence of diabetes was significantly the
highest in the highest tertile of PRAL (p for trend <0.05).
In males the median value of HDL-cholesterol was signifi-
cantly the lowest in the 1% tertile of PRAL and the mean
value of triglycerides the highest in the 2" tertile of NEAP.
The further adjustment for MUFA, PUFA, SFA, and fiber
intakes did not reveal any additional significant differences
in lipid characteristics across PRAL and NEAP tertiles.
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Table 2. Characteristics of the men and women under study by tertiles of PRAL

PRAL tertiles

Characteristic 3

(9.79;
133.06)

PRAL tertiles

PRAL [mEq/dayl ~19.55 0.87 2175
NEAP [mEg/day] 27.31 47.79 7046
Age [years] 52.00 51.00 46.00
BMI [kg/m?] 27.24 26.86 2708
Waist circumference [cm] 97.00 96.50 96.00

Overweight or obese? 71.65 68.49 66.63
Current smokers 26.09 30.54 30.24
Education

elementary school 46.24 46.53 40.71

secondary school 33.65 37.25 3941

university or equivalent 2012 16.22 19.88
Cardiovascular disease® 1598 14.34 13.38
Hypertension® 4796 51.07 52.25
Diabetes? 10.36 1319 1112
Hypercholesterolemia® 54.87 5572 55.87
High LDL-cholesterol’ 57.00 55.70 56.68
Hypertriglyceridemia? 36.86 35.22 3597
Low HDL-cholesterol" 2044 16.69 18.94

Systolic blood pressure [mm Hg] 132.00 131.00 131.00
Diastolic blood pressure [mm Hg] 80.50 80.50 81.50
Glucose [mmol/L] 536 536 533
Total cholesterol [mmol/L] 514 5.15 517
LDL-cholesterol [mmol/L] 3.17 313 3.15
HDL-cholesterol [mmol/L] 1.24 1.31 1.26
Triglycerides [mmol/L] 143 1.34 1.37

median values

Prevalence [%)]

Laboratory and clamp measurements (median values)

<0.0001 —22.36 Al 9.27 <0.0001
<0.0001 18.53 34.94 51.20 <0.0001
<0.0001
for trend < 0,000 51.00 52.00 51.00 ns
<0.01
ns 26.30 26.54 25.70 for trend <0.05
<0.05
ns 87.00 87.00 86.00 for trend <0.05
0.09 0.1
for trend <0.05 6060 2961 2631 for trend <0.01
ns 19.33 19.33 1732 ns
35.60 38.79 34.42
<005 3876 36.21 3998 ns
25.65 25.00 25.60
ns 10.72 11.58 12.33 ns
ns 59.13 56.33 59.48 ns
ns 9.24 8.23 11.26 0.06
ns 57.21 54.84 5393 ns
ns 51.34 51.94 4919 ns
ns 21.81 2295 2147 ns
ns 2199 21.83 18.55 ns
ns 124.00 124.00 123.50 ns
ns 78.50 79.00 78.50 ns
ns 5.09 515 512 ns
ns 518 512 5.10 ns
ns 3.03 3.03 297 ns
<0.01 1.50 148 1.53 <0.05
ns 117 1.20 1.16 ns

BMI — body mass index; NEAP — net endogenous acid production; ns — not statistically significant; PRAL — potential renal acid load;  BMI >25.0 kg/m?;
bthe subject declared hospitalization because of heart infarction, coronary heart disease, heart failure, stroke, arterial fibrillation or other arrhythmias,
coronary artery angioplasty or bypass, or if a pacemaker was used; ¢ systolic blood pressure >140 mm Hg and/or diastolic blood pressure >90 mm Hg or
antihypertensive drug treatment; @ fasting glucose =7 mmol/L and/or previous diagnosis of diabetes; ¢ total cholesterol =5.0 mmol/L; f LDL-cholesterol
>3.0 mmol/L; 9 triglycerides >1.7 mmol/L; " HDL-cholesterol <1.0 mmol/L for men, HDL-cholesterol <1.2 mmol/L for women or hipolipidemic drug

treatment.

Discussion

Similar to our findings were those obtained in the pro-
spective cohort study performed in 2241 older Dutch
adults (aged =55 years), where the median dietary acid
load ranged from -14.6 to 19.9 mEq/day across catego-
ries of PRAL, and from 31.7 to 40.5 mEq/day across cat-
egories of NEAP.!2 However, a higher dietary acid load
was found in the E3N-EPIC cohort study (66,485 women)
where median PRAL was —-3.0 mEq/day (ranged from
-23.0 to 14.3 mEq/day) and NEAP ranged from 31.5

to 58.2 mEq/day,” as well as in the prospective cohort
study of 87,293 women (The Nurses’ Health Study II)
where dietary acid load ranged from 34.4 to 76.0 mEq/day
across categories of NEAP.!® Also, in the studies performed
in the Japanese populations the dietary acid load was more
acidic than in our subjects. In a group of female students
of dietetics (n = 1136) the median of PRAL was 10.4 mEq/day
(ranged from -0.8 mEq/day to 19.5 mEq/day),!” and
in the Furukawa employees (n = 2028) the median PRAL
was 9.0 mEq/day (3.6-13.6 mEq/day) and NEAP 52.1
(45.3-60.0 mEq/day).3
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Table 3. Characteristics of the men and women under study by tertiles of NEAP

NEAP tertiles NEAP tertiles

Characteristic 1 ) 3 1 2 3

(-133.630; | (38.566; (57.481; (-66.445; | (27.481; (42.041;
38.556) 57.480) 184.800) 27.480) 42.040) 115.110)

Median values

PRAL [mEq/day] -19.83 0.49 2201 <0.0001 2245 712 9.28 <0.0001
NEAP [mEq/day] 2718 4753 70.38 <0.0001 1846 3483 5120 <0.0001
Age [years] 52,00 51.00 4500 | trzgﬁi%],o o | 5100 52,00 51.00 ns

BMI [kg/m?] 2673 26.87 76 | trzgg(goom 2539 26.60 2649 | t:eoﬁgogg.om
Waist circumference [cm] 96.00 97.00 98.00 fortr;nodog(;.0001 85.00 87.00 88.00 for trzgﬁi%].oom

Prevalence [%)]

. ) 0.1 <0.001
a
Overweight or obesity’ 66.71 68.56 71.55 for trend <0.05 53.55 60.79 62.21 for trend 0.001
Current smokers 27.62 31.56 28.36 ns 20.69 18.26 17.83 ns
Education
elementary school 4778 45.25 39.01 ns 34.79 38.03 3537 s
secondary school 3259 3798 40.25 3945 3702 3943
university or equivalent 19.63 16.77 20.74 25.76 24.95 25.20
Cardiovascular disease® 16.52 1344 13.18 ns 10.95 11.55 12.66 ns
Hypertension© 48.81 50.69 51.74 ns 61.21 56.70 56.70 ns
Diabetes? 11.15 11.51 11.50 ns 8.47 8.95 11.33 oy
’ ’ ’ ’ ’ ’ for trend <0.05
Hypercholesterolemia® 54.60 56.65 55.64 ns 5594 56.56 54.96 ns
High LDL-cholesterolf 5749 55.84 56.56 ns 4995 5271 50.05 ns
<0.01
Hypertriglyceridemia? 3444 36.19 3744 ns 18.82 24.53 22.33 for trend = 0.06
Low HDL-cholesterol" 18.41 1746 19.28 ns 19.14 2240 2042 ns

Laboratory and clamp measurements (median values)

Systolic blood pressure [mm Hg] 131.00 131.50 131.00 ns 122.50 125.00 124.00 fortrzggi0.0S
Diastolic blood pressure [mm Hg] 80.00 80.50 82.00 ns 7750 79.00 79.00 <005

for trend <0.05
Glucose [mmol/L] 537 533 533 ns 5.07 515 514 <001

for trend <0.01
Total cholesterol [mmol/L] 514 5.20 514 ns 5.17 516 5.11 ns
LDL-cholesterol [mmol/L] 3.17 3.15 3.14 ns 299 3.06 3.00 ns
HDL-cholesterol [mmol/L] 1.28 1.30 1.25 <0.05 1.54 148 1.51 <0.05
Triglycerides [mmol/L] 1.36 1.37 1.39 ns 1.13 1.22 118 <005

for trend = 0.06

BMI — body mass index; NEAP — net endogenous acid production; ns — not statistically significant; PRAL — potential renal acid load; 2BMI >25.0 kg/m?,
othe subject declared hospitalization because of heart infarction, coronary heart disease, heart failure, stroke, arterial fibrillation or other arrhythmias,
coronary artery angioplasty or bypass, or if a pacemaker was used; ¢ systolic blood pressure >140 mm Hg and/or diastolic blood pressure >90 mm Hg or
antihypertensive drug treatment; ¢ fasting glucose =7 mmol/L and/or previous diagnosis of diabetes; ¢ total cholesterol =5.0 mmol/L; f LDL-cholesterol
>3.0 mmol/L; 9 triglycerides >1.7 mmol/L; " HDL-cholesterol <1.0 mmol/L for men, HDL-cholesterol <1.2 mmol/L for women or hipolipidemic drug
treatment.

In our study, higher values of PRAL were accompanied products (men: from 116.0 to 160.0 g/day), eggs (men:
by a higher consumption of acidifying foods, and low- from 5.75 to 12.25 g/day; women: from 3.0 to 6.75 g/day),

er consumption of alkalinizing foods. In the additional grains (men: from 148.0 to 204.82 g/day; women: from
analysis, performed for the requirement of this discus- 107.9 to 138.0 g/day), and alcohol (only in males from 4.35
sion, the level of consumption of acid-forming foods across to 6.65 g/day). Simultaneously, consumption of vegeta-

PRAL tertiles tended to increase as follows: meat and meat bles and fruits tended to decrease. In males, the intake
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Table 4. Prevalence of cardiovascular disease, hypertension, lipid abnormalities, and diabetes and median values of cardiovascular risk factors by tertiles
of PRAL in males and females, adjusted for age and waist circumference

PRAL tertiles PRAL tertiles

Characteristic ]

(—182.80; (=105.58;
—8.06) —13.94)

Cardiovascular disease? [%] 14.8 13.1 149 ns 104 11.0 12.8 ns
Hypertension® [%] 50.3 474 50.8 ns 411 42.8 42.0 ns

) 0.01

C [0

Diabetes¢ [%)] 9.7 12.7 12.2 ns 9.1 8.0 1.7 for trend <0.05
Hypercholesterolemia® 545 549 56.8 ns 570 54.7 536 ns
High LDL-cholesterol® 56.8 557 575 ns 511 51.6 49.2 ns
Hypertriglyceridemia’ 36.6 35.8 350 ns 21.2 222 216 ns
Low HDL-cholesterol9 20.2 17.0 18.3 ns 219 218 19.0 ns
Systolic blood pressure [mm Hg] 134.1 1347 134.5 ns 1274 1276 128.2 ns
Diastolic blood pressure [mm Hg] 81.2 813 82.0 ns 79.3 794 79.2 ns
Glucose [mmol/L] 558 5.70 5.64 ns 535 538 545 ns
Total cholesterol [mmol/L] 5.16 523 5.20 ns 5.21 5.15 5.19 ns
L DL-cholesterol [mmol/L] 3.19 316 322 ns 313 3.07 3.10 ns
HDL-cholesterol [mmol/L] 1.30 1.36 1.33 <0.05 1.53 1.52 1,55 ns
Triglycerides [mmol/L] 1.70 1.87 1.70 ns 1.35 1.35 1.35 ns

ns — not statistically significant; PRAL — potential renal acid load;? the subject declared hospitalization because of heart infarction, coronary heart disease,
heart failure, stroke, arterial fibrillation or other arrhythmias, coronary artery angioplasty or bypass, or if a pacemaker was used; © systolic blood pressure
>140 mm Hg and/or diastolic blood pressure =90 mm Hg or antihypertensive drug treatment; € fasting glucose =7 mmol/L and/or previous diagnosis

of diabetes; total cholesterol 5.0 mmol/L; ¢ LDL-cholesterol =3.0 mmol/L;  triglycerides >1.7 mmol/L; 9 HDL-cholesterol <1.0 mmol/L for men,
HDL-cholesterol <1.2 mmol/L for women or hipolipidemic drug treatment.

Table 5. Prevalence of cardiovascular disease, hypertension, lipid abnormalities, and diabetes and median values of cardiovascular risk factors by tertiles
of NEAP in males and females, adjusted for age and waist circumference

NEAP tertiles

Characteristic

1 1 2 3

(=133.630; (38.566; (57.481; (—66.445; (27.481; (42.041;

38.556) 57.480) 184.800) 27.480) 42.040) 115.110)
Cardiovascular disease? [%] 15.3 12.8 15.1 ns 1.0 1.3 12.6 ns
Hypertensﬁonb [9%] 50.0 48.2 50.6 ns 4.2 427 426 ns
Diabetes¢ [%)] 109 11.0 12.5 ns 9.5 87 10.7 ns
Hypercholesterolemia® [%] 53.7 56.2 56.5 ns 559 56.3 54.0 ns
High LDL-cholesterol® [%] 573 55.8 56.8 ns 50.5 52.5 49.6 ns
Hypertriglyceridemia [%] 36.3 36.2 352 ns 206 24.0 209 ns
Low HDL-cholesterol [%)] 19.7 173 17.8 ns 20.5 222 19.5 ns
Systolic blood pressure [mm Hg] 1341 134.6 134.5 ns 1269 128.1 1279 ns
Diastolic blood pressure [mm Hg] 81.2 81.5 82.0 ns 789 79.7 79.2 ns
Glucose [mmol/L] 5.60 5.69 5.63 ns 536 537 543 ns
Total cholesterol [mmol/L] 515 5.26 518 ns 520 519 519 ns
LDL-cholesterol [mmol/L] 318 3.20 3.19 ns 312 3.10 31 ns
HDL-cholesterol [mmol/L] 1.31 1.35 1.34 ns 1.53 1.52 1.54 ns
Triglycerides [mmol/L] 1.68 191 1.70 <0.05 133 1.38 134 ns

NEAP — net endogenous acid production; ns — not statistically significant; @the subject declared hospitalization because of heart infarction, coronary heart
disease, heart failure, stroke, arterial fibrillation or other arrhythmias, coronary artery angioplasty or bypass, or if a pacemaker was used; ® systolic blood
pressure >140 mm Hg and/or diastolic blood pressure >90 mm Hg or antihypertensive drug treatment; ¢ fasting glucose >7 mmol/L and/or previous
diagnosis of diabetes; total cholesterol =5.0 mmol/L; ¢ LDL-cholesterol =3.0 mmol/L; f triglycerides >1.7 mmol/L; 9 HDL-cholesterol <1.0 mmol/L for men,
HDL-cholesterol <1.2 mmol/L for women or hipolipidemic drug treatment.
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of vegetables declined from 300.0 to 188.9 g/day, and
of fruits from 200.0 to 50.0 g/day, while in females con-
sumption of vegetables dropped from 268.0 to 50.8 g/day
and that of fruits from 250.0 to 129.4 g/day.

It was found that males in higher tertiles of PRAL were
significantly younger (p for trend <0.0001). This suggests
that younger males tend to consume a less healthy diet.
Nevertheless, a detailed analysis of food consumption
in age groups has not been performed yet.

We observed that females in the higher tertiles of PRAL
tended to be characterized by lower adiposity, measured
by both BMI and waist circumference values. The preva-
lence of overweight and obesity tended to decrease with
tertiles of PRAL in both sexes. It may be assumed that
this resulted from a higher intake of protein in the higher
tertiles of PRAL. In males it tended to increase from 68.1
to 100.1 g/day, and in females from 53.3 to 68.2 g/day,
(p <0.0001). Protein is known as a dietary factor that may
suppress appetite and contribute to weight loss.'® Addition-
ally, males in the higher PRAL tertiles were younger, which
may also explains the tendency towards a lower prevalence
of overweight and obesity in higher PRAL male groups.

The probable influence of acid-base homeostasis on car-
diovascular risk was suggested by other investigators.
It seems that diet-induced acidosis may contribute to the
elevation of blood pressure. The proposed mechanisms
are: increased cortisol production, increased calcium, and
decreased citrate excretion. The raised cortisol secretion
related to mild metabolic acidosis was postulated to exac-
erbate also other metabolic risk factors.!”

To our knowledge, this is the 1% study to examine the
relationships between dietary acid-base load measures and
cardiovascular risk factors in the Polish population. We did
not observe any relevant differences regarding metabolic
characteristics across tertiles of either PRAL and NEAP
in males. Likewise, there were no essential findings in fe-
males, except of the observation that prevalence of diabetes
was independently associated with PRAL. It tended to in-
crease across tertiles of PRAL (p for trend <0.05).

Similarly as in our investigation, in the Rotterdam Study
there was no relationship between dietary acid-base po-
tential and prevalence of arterial hypertension and also
other cardiovascular risk factors. This could be explained
by a relatively low dietary acid-forming potential in both
populations.}?> On the other hand, in the Nurses’ Health
Study II, it was shown that high values of NEAP were in-
dependently associated with a higher risk of hyperten-
sion. The association between estimated NEAP and the
risk of hypertension was stronger among lean women
(BMI <25 kg/m?).1® Likewise, in the investigation pre-
formed in female Japanese dietetic students, higher dietary
acid load, expressed by PRAL, was associated with higher
systolic and diastolic blood pressure after adjustment for
possible confounding factors. It was also shown that there
were independent positive associations between PRAL and
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total and LDL serum cholesterol level, as well as with BMI
and waist circumference values.'”

Our finding concerning the lack of the relationship be-
tween the dietary acid load and prevalence of diabetes
in males is in accordance with the results of the observa-
tional prospective study, done by Hu et al. that involved 911
non-diabetic Swedish men aged 70-71 years, and did not
show any link between dietary acid load and insulin sensi-
tivity, beta cell function or risk of type 2 diabetes.! In our
study the prevalence of diabetes was independently associ-
ated only with PRAL in females. Also, in the investigation
performed by Fagherazzi et al,, it was shown in a large
sample of 66,485 women that high values of PRAL, and also
NEAP, were linked to increased risk of type 2 diabetes.®

The mechanism underlying the putative association be-
tween dietary acid load and type 2 diabetes is not fully un-
derstood as there are few studies dedicated to this problem.
Anyway, there are some mechanisms that could explain this
possible relationship. Chronic metabolic acidosis, result-
ing from high dietary acid load, may probably contribute
to insulin resistance and metabolic syndrome, which was
suggested by cross-sectional studies, an also confirmed
by an interventional study in humans.?°-23 Furthermore,
in an animal model, metabolic acidosis impaired the bind-
ing of insulin to its receptors, which supported the hypoth-
esis that metabolic acidosis may foster insulin resistance.?*
Moreover, in experimental studies, acid/base alterations
were associated with decreased insulin secretion.? Inhibi-
tion of the insulin signaling pathway and increased hepatic
gluconeogenesis are also discussed as possible mechanisms
linking metabolic acidosis with diabetes risk.2° However, the
evidence for both, the existence of the relationship between
dietary acid load and risk of type 2 diabetes, and also mecha-
nisms underlying this potential association, is very weak.

Our study has some strengths and limitations. Among
strengths we can list the following: the large (over 6000
participants), cross-sectional, randomly selected sample
of the Polish population, inclusion of nutrient intake from
dietary supplements into the analysis, and anthropometric
and clamp measurements that were not self-reported, but
performed by a professional staff. However, there were
also several limitations. First of all, the cross-sectional
design does not allow for the assessment of causality owing
to the uncertain temporality of the association. Dietary
data came from 24-hour recall, which is not considered
to be representative for habitual diet at the individual level.
Moreover, the misreporting of dietary intake, especially
in overweight subjects, is a serious problem for precise di-
etary assessment.”” There was no information about renal
function, which plays a pivotal role in acid-base homeosta-
sis. And lastly, PRAL and NEAP values were not measured
directly, but estimated from self-reported dietary 24-hour
intake. Nevertheless, dietary PRAL and NEAP scores are
widely used in large sample studies and highly correlate
with acid load measured from 24-hour urine.?
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Conclusions

The dietary acid load in the adult Polish population was

relatively low. It was lower in females than in males. There
was no independent relationship between dietary acid load
and CVD or cardiovascular risk factors in the population
under study, except for the positive association between
the PRAL value and diabetes prevalence in females.
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