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Evidence exists that a more acidic diet is detrimental to bone health. Although more precise methods exist for measurement of acid–base balance,

urine pH reflects acid–base balance and is readily measurable but has not been related to habitual dietary intake in general populations. The pre-

sent study investigated the relationship between urine pH and dietary acid–base load (potential renal acid load; PRAL) and its contributory food

groups (fruit and vegetables, meats, cereal and dairy foods). There were 22 038 men and women aged 39–78 years living in Norfolk (UK) with

casual urine samples and dietary intakes from the European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk FFQ. A sub-study

(n 363) compared pH in casual samples and 24 h urine and intakes from a 7 d diary and the FFQ. A more alkaline diet (low PRAL), high fruit

and vegetable intake and lower consumption of meat was significantly associated with a more alkaline urine pH before and after adjustment

for age, BMI, physical activity and smoking habit and also after excluding for urinary protein, glucose, ketones, diagnosed high blood pressure

and diuretic medication. In the sub-study the strongest relationship was found between the 24 h urine and the 7 d diary. In conclusion, a more

alkaline diet, higher fruit and vegetable and lower meat intake were related to more alkaline urine with a magnitude similar to intervention studies.

As urine pH relates to dietary acid–base load its use to monitor change in consumption of fruit and vegetables, in individuals, warrants further

investigation.

Acid–base balance: Urine pH: Potential renal acid load: European Prospective Investigation into Cancer and Nutrition: EPIC-Norfolk

Evidence exists that a more acidic diet is detrimental to bone
health(1 – 5). Net acid excretion has been related to dietary
acid–base balance in small intervention studies mainly
designed to test the effect of changes in acid–base balance
on indicators of bone health(6 – 14). Precise measurements of
net endogenous acid excretion require labour- and labora-
tory-intensive steady-state measurements of dietary nutrient
intakes and urine and stool composition and alternative meth-
odologies are needed(15,16). One alternative is urine pH, a
reflection of acid–base balance, which is readily measurable
but has not been related to habitual dietary intake in general
populations. If urine pH were related to habitual diet this
would provide further evidence for the potential for dietary
acid–base balance to affect bone health. If it were also related
to fruit and vegetable intake it could have potential for moni-
toring changes in fruit and vegetable consumption.

The acid–base equilibrium in the body is maintained within
tight limits by three mechanisms; blood and tissue buffering,
excretion of CO2 by the lungs and renal excretion of Hþ

and regeneration of HCO3
– (17,18). Diet has the potential to

contribute to mild metabolic acidosis and affect acid–base

status via the supply of acid and alkaline precursors from
foods(15,16,19). Hepatic oxidation of the S-containing amino
acids, cysteine and methionine (found in meats, fish, cereal
and dairy foods), generates H þ (16,20). This is balanced by
carbonate present as alkaline salts in fruits and vegetables,
that also supply large amounts of Mg and K in the diet(20).
Thus dietary acid–base load is a balance between protein-con-
taining foods such as meats, cereals and dairy foods that
supply acid and fruit and vegetable foods that supply base pre-
cursors(21). As the kidneys are the main route of excretion of
dietary Hþ ions, the acid–base load of the diet is reflected
in urine pH and net acid excretion, provided kidney function
is not compromised by disease(8,10,11,14,20,22,23).

The health benefits of high fruit and vegetable intake are well
recognised and extensive public health programmes exist to
encourage increased consumption but, at present, individuals
cannot monitor the effects of change in dietary behaviour.
Since we are unaware of previous studies relating urine pH to
dietary determinants of acid–base load in a large free-living
population of men and women, the purpose of the present study
was to investigate if there was a relationship. We particularly
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wanted to investigate whether urine pH was related to specific
foods, particularly fruit and vegetables and meat consumption.
Therefore, an established biomarker of fruit and vegetable
intake, plasma vitamin C, was also compared with urine pH.
Second, because dietary methods differ in their estimates of
foods and nutrients and because food consumption and urine
excretion vary throughout the day, we wanted to compare
relationships between different methodologies used to assess
the relationship between diet and urine pH.

Methods

Approximately 25 000 men and women aged 40–79 years
living in the general community participated in a baseline
examination in 1993–7 in Norfolk (UK), as part of the Euro-
pean Prospective Investigation into Cancer and Nutrition
(EPIC), a ten-country collaboration of diet and cancer and,
in the EPIC-Norfolk study, other health outcomes(24). Men
and women were invited to attend a health examination
where height and weight were measured by trained nurses
using standardised protocols(24). BMI was calculated as
weight in kilograms divided by height in meters squared.
Freshly voided, casual urine samples were collected. pH was
measured using Ames multiple reagent strips (Miles Labora-
tories, Inc., Elkhart, IN, USA) with a range of detection
between 5 and 8·5 (0·5 to 1·0 difference in units). Reliability
data are unavailable for Ames multiple reagent strips. How-
ever, one study reported good reliability for pH measured
using Clinitek-50 dipsticks, although their data were not pre-
sented(25).

Smoking habit was ascertained by response to the question
‘Do you smoke cigarettes now?’ There were 22 038 men and
women aged 39–78 years with complete data for urine pH and
the FFQ used in these analyses.

Sub-study

In a sub-study of 363 men and women (an average of 1 year
after the baseline health check) 24 h urine samples were col-
lected and validated for completeness with p-aminobenzoic
acid. Boric acid was used as preservative; a previous study
showed that when used in concentrations of 0·5–2 g/l it does
not affect urine pH(23). pH was measured using a Jenway
3310 pH meter (Jenway, Dunmow, Essex, UK), detection
range 22 to 16 with a resolution of 0·01 pH units.

Dietary methods

All participants were asked tocompletea self-administered EPIC-
Norfolk FFQ, complete a 7 d food diary and a detailed health and
lifestyle questionnaire(26,27). The FFQ was designed to estimate
habitual intake over the previous year and nutrients were com-
puted using an in-house program, the Compositional Analyses
from Frequency Estimates (CAFE) program(26). The 7 d food
diary included an interview about the first day and was completed
for the remaining 6 d by the participant. Data were entered using
the Data into Nutrients for Epidemiological Research (DINER)
system and a series of checks performed to correct for data-
entry errors(28).

The potential renal acid load (PRAL) index was calculated
using individual nutrients derived from the FFQ and 7 d food
diary using the formula:

PRAL (mEq/d) ¼ (P (mg/d) £ 0·0366 þ protein (g/d) £

0·4888) – (K (mg/d) £ 0·0205 þ Ca (mg/d) £ 0·0125 þ

Mg (mg/d) £ 0·0263)(16,26).
The protein:K ratio was calculated(20).
Intake of foods was calculated from the FFQ and 7 d food

diary(26) (AA Welch, AA Mulligan, A McTaggart, KT Khaw
and SA Bingham, unpublished results).

Plasma vitamin C

Since plasma vitamin C is an established biomarker of fruit
and vegetable consumption, and fruit and vegetables are one
of the main contributors to the nutrients in the PRAL index,
we investigated whether plasma vitamin C was related to
urine pH. Plasma vitamin C was measured in non-fasting
venous blood samples taken in citrate bottles. After overnight
storage in a dark box at 4–78C, sample bottles were centri-
fuged at 2100 g for 15 min at 48C and plasma was stabilised
in a standard volume of meta-phosphoric acid at 2708C.
Plasma vitamin C was estimated with a fluorimetric assay
within 1 week of sampling(29). The CV was 5·6 % at the
lower end of the range (mean 33·2mmol/l) and 4·5 % at the
upper end (102·3mmol/l). Plasma vitamin C was available in
19 338 individuals and was regressed against urine pH and
also adjusted for age, BMI and smoking habit. Individuals
taking supplements were not excluded from the analyses.

Statistical analyses

pH measured in casual urine samples was grouped into cat-
egories 5·0, 6·0, 6·5, 7·0 and 7·5 and over. The correlation
was calculated between casual urine pH, as a continuous vari-
able, with pH measured in 24 h urine samples.

The interaction between pH and sex was significant
(P¼0·009). Univariate regression coefficients were calculated
in men and women to estimate the relationship between
casual urine pH and age, BMI, physical activity, smoking
habit and the dietary covariates to enable comparison between
nutrients and food groups. PRAL was standardised by divid-
ing by its standard deviation (12·4). The other dietary vari-
ables were standardised by dividing by their average portion
sizes (fruit and vegetables and meats, 80 g; cereal foods and
dairy 100 g).

We compared mean intake of PRAL and foods in men and
women in the different categories of casual urine pH before
and after adjusting for age, BMI, physical activity and smok-
ing habit (model 1). As protein, glucose and ketones in urine,
diagnosed blood pressure and diuretic medication influence
urine pH the analyses were also repeated after excluding
those with positive urinary ketones, glucose or protein or
those with diagnosed high blood pressure or taking diuretic
medication. The analyses were also repeated using the pro-
tein:K ratio.

PRAL was also divided into quintiles and the percentage of
foods contributing to different categories of PRAL was calcu-
lated for men and women. The percentage contribution of
individual food groups was calculated as a percentage of the
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total food weight provided by the food groups; fruit and veg-
etables, meats, cereal foods and dairy.

The relationship between fruits and vegetables and pH was
further examined by adjusting for other dietary factors (meats,
cereal and dairy foods) as well as the covariates age, BMI,
physical activity and smoking habit.

In a further analysis to compare the relationship of urine pH
with dietary intake calculated using two different dietary
methods, four combinations were tested in a sub-study of
363 men and women who also had 24 h urine collections;
FFQ and casual urine, FFQ and 24 h urine, 7 d diary and
casual urine, 7 d diary and 24 h urine. Multiple regression
models were run with pH on either PRAL (model 2) or fruit
and vegetables and meats (model 3) in addition to the covari-
ates age, BMI, physical activity and smoking habit. To enable
comparison between the variables derived from the two diet-
ary methods, variables were standardised by dividing by
their standard deviation.

We also compared pH in individuals who ate meat (meat-
eaters) with those who ate no meat (non-meat-eaters). Mean
pH by meat-eating habit was also adjusted for age, BMI,
physical activity and smoking habit.

Statistical analyses were performed with Stataw statistical
software (version 8.2; StataCorp LP, College Station, TX, USA).

Results

pH measured in casual urine samples was not significantly
different in men and women (Table 1). The percentage of
men and women in each pH category is shown in Table 3.

Individuals in the sub-study were younger and had a lower
BMI than the main cohort (P,0·001). For the casual urine
samples they also had a significantly more alkaline urine pH
(P,0·001). The correlation between pH measured in the casual
and 24 h urine samples in the sub-study was 0·22 (P,0·001).

Age, BMI and plasma vitamin C were significantly related
to urine pH, as was smoking habit, in women only (Table 2).

PRAL, fruits and vegetables and meats were also significantly
related to urine pH (Table 2).

Men had a more acidic PRAL, a lower intake of fruit and
vegetables and a higher intake of meats, cereals and dairy
foods than women (P,0·001 for PRAL and all food groups)
(Table 3).

There was a continuous relationship between an increas-
ingly alkaline urine pH and a more alkaline diet as shown
by (FFQ) PRAL, which was significant both before and after
adjustment and also after exclusion for urinary protein, glu-
cose and ketones and those with diagnosed high blood press-
ure and diuretic medication (data not shown) (P,0·001)
(Table 3). The difference in PRAL between the pH categories
5·0 and 7·5 and over was 4·2 mEq/d in both men and women.
The analysis with protein:K ratio was not different from those
with PRAL (data not shown). For all categories of pH, PRAL
was more negative for women, i.e. more alkaline than for men.
Consumption of fruit and vegetables and meats was also sig-
nificantly related to urine pH even after adjustment for age,
BMI, physical activity and smoking habit. There was a differ-
ence after adjustment for age, BMI, physical activity and
smoking habit in intake of fruit and vegetables between pH
5·0 and pH 7·5 (measured in the casual urine sample) and
over in men of 50 g and of 68 g in women. For meat there
was a difference of 5 g in men and 6 g in women. When
fruit and vegetable consumption was adjusted for age, BMI,
physical activity and smoking status, as well as other dietary
covariates (meats, cereal and dairy foods), the gradient
between intake of fruit and vegetables and categories of pH
remained and the difference between categories pH 5·0 and
pH 7·5 and over was 53 g in men and 67 g in women (the high-
est and lowest categories of pH) (Fig. 1). Although cereal and
dairy foods contribute to the dietary acid load, their intake was
not significantly related to urine pH with the exception of
cereal foods (after adjustment) in men (Table 3). Men with
the most alkaline urine pH had an intake of cereal foods
that was 11 g lower than those with the most acid pH.

Table 1. Urine pH, age, body mass index, physical activity and smoking habit in men and women in the main study and sub-study

(Mean values and standard deviations)

Main study, subjects aged 39 to 78 years (n 22 038)

Men Women

Sub-study, subjects of
both sexes, aged 40 to

75 years (n 363)

Mean SD Mean SD Mean SD

Subjects
n 9958 12 080 363
% 45·2 54·8
% Women 54·7

Urine pH (casual sample) 5·9 0·8 5·9* 0·8 6·1†† 0·8
Urine pH (24 h collection) – – 6·1 0·6
Age (years) 59·6 9·1 58·8** 9·1 55·3†† 9·4
BMI (kg/m2) 26·5 3·3 26·2** 4·3 25·6†† 3·5
Current smoking habit

n 1168 1329 39
% 13·3 12·4* 10·7

Physical activity 2·4 1·1 2·2** 1·0 2·4† 1·1

Value is significantly different from that for men: *P¼0·09, **P,0·001 (unpaired two-sample t test for continuous variables and x2 test for categorical variables).
Mean value is significantly different from that for the main cohort: † P¼0·007, †† P,0·001.

Urine pH and dietary acid–base load 1337
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The b coefficient of the relationship of standardised PRAL
with pH was 20·08 units of pH per standard deviation of
PRAL (unadjusted and adjusted) and was significant before
and after adjustment for covariates (P,0·001).

In men and women who consumed no meat urine pH was more
alkaline than in those who did (non-meat-eating men, pH 6·1;
meat-eating men, pH 5·9 (P,0·001); non-meat-eating women,
pH 6·0; meat-eating women, pH 5·9 (P¼0·003)) and this
remained significant after adjustment (men P¼0·007; women
P¼0·039). Mean PRAL was 215·78 mEq/d in non-meat-
eating men and 217·61 mEq/d in non-meat-eating women and
was 24·30 mEq/d in meat-eating men and 26·88 mEq/d in
meat-eating women.

When categorised according to quintiles of PRAL the per-
centages of food types differed in men and women. Women
consumed a higher percentage of fruit and vegetables and
dairy foods and a lower percentage of meats and cereal
foods than men, with women in quintile 1 (the most alkaline)
consuming 66 % of total food weight as fruit and vegetables
whereas in men it was 60 % (data not shown). Consumption
of dairy was 7 % in women and 6 % in men and women ate
21 % of food weight as cereal foods whereas in men this
was 26 %. Women ate 6 % as meats and men 8 %.

There was a significant continuous relationship between
urine pH and plasma vitamin C (Table 4), indicating that as
there is a well-established relationship between fruit and veg-
etable intake and plasma vitamin C and the association with
urine pH and fruit and vegetable intake is in the same direc-
tion, the results are not a chance finding.

When estimated by two different dietary methods (FFQ and
7 d food diary), differences between PRAL, fruits and veg-
etables, meats, cereal foods and dairy products were signifi-
cant (Table 5). PRAL was less alkaline when estimated with
the diary than with the FFQ. Intakes of meats and cereal
foods were higher with the diary and of fruits and vegetables
and dairy foods were much lower.

The four-way comparison of estimates observed from the two
dietary methods and the two methods of urine collection ranged
from 20·079 units per unit of PRAL from the FFQ and pH in

casual urine to 20·156 units using the diary and 24 h urine, a
factor of 2 between the estimates (model 2; Table 6). Estimates
of the relationship between PRAL and foods and urine pH were
not significant with the FFQ or the diary and meat consumption
and the casual urine but were significant for diet estimates from
both methods and the 24 h urine. Theb coefficients of foods esti-
mated with the diary and the 24 h urine were the greatest; 0·156
pH units per g fruit and vegetables and20·086 units per g meats.
For fruits and vegetables there was a factor of about 3·5 times
between estimates from the 7 d food diary and 24 h urine and
the casual urine and the FFQ; however, for meats the factor
was 1·07, indicating a small difference.

Discussion

We found a measurable difference in urine pH with dietary
acid–base load and with fruit and vegetables and meat intakes
in this population. The more alkaline the diet (lower PRAL)
the more alkaline was urine pH, even after adjustment for
age, BMI, physical activity and smoking habit and also after
excluding for urinary protein, glucose, ketones, diagnosed
high blood pressure and diuretic medication. The difference
in PRAL between the most acidic and the most alkaline
urine pH was 4·2 mEq/d. Plasma vitamin C was positively
and significantly related to urine pH and as plasma vitamin
C is also positively related to fruit and vegetable consumption
this provides further validation for pH as a marker of diet
quality, particularly fruits and vegetables. Although the effects
of extreme changes in acid–base status are well established,
we believe the present study to be the first to measure the
more subtle relationship between diet and urine pH in such
a large population.

In all categories of urine pH, PRAL was more acidic in men
than women, with men eating more meat and less fruit and veg-
etables than women. Although one explanation for the sex
differences might be different percentages of men and women
in each pH category, this was not the case (see Table 3). Another
explanation could be reporting bias in women, but we also found
a relationship between plasma vitamin C and pH with a higher

Table 2. Univariate regression between urine pH measured in casual urines and age, body mass index, physical activity and smoking habit, plasma
vitamin C and dietary variables from the European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk food-frequency questionnaire in
22 038 men and women aged 39 to 78 years

(Coefficients and 95 % confidence intervals)

Men Women

b 95 % CI P R 2 b 95 % CI P R 2

Age (years) 20·009 20·010, 20·007 ,0·001 0·010 20·005 20·007, 20·003 ,0·001 0·003
BMI (kg/m2) 20·014 20·019, 20·009 ,0·001 0·003 20·012 20·015, 20·008 ,0·001 0·004
Current smoking habit (yes v. no) 20·000 20·048, 0·048 0·99 0·000 0·063 0·015, 0·111 0·01 0·000
Plasma vitamin C (mmol/l)* 0·005 0·039, 0·006 ,0·001 0·013 0·004 0·004, 0·005 ,0·001 0·011
Physical activity (active v. inactive) 0·051 0·017, 0·084 0·003 0·000 0·064 0·032, 0·097 ,0·001 0·001
Dietary variables (FFQ)

PRAL (mEq/d)† 20·079 20·095, 20·064 ,0·001 0·010 20·083 20·098, 20·068 ,0·001 0·010
Fruit and vegetables (portions/d)‡ 0·013 0·008, 0·019 ,0·001 0·002 0·019 0·141, 0·023 ,0·001 0·006
Meats (portions/d)‡ 20·033 20·057, 20·010 0·005 0·001 20·052 20·077, 20·028 ,0·001 0·002
Dairy (portions/d)‡ 0·002 20·007, 0·010 0·66 0·000 0·000 20·008, 0·009 0·92 0·000
Cereal (portions/d)‡ 20·008 20·019, 0·004 0·18 0·000 20·001 20·014, 0·011 0·84 0·000

PRAL, potential renal acid load.
* n 19 338.
† PRAL was divided by standard deviation 12·4 mEq/d.
‡ One portion of fruit and vegetables is 80 g, one portion of meat is 80 g, one portion of dairy products is 100 g, one portion of cereals and cereal products is 100 g.
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Table 3. Mean intake of potential renal acid load (PRAL) and selected food groups calculated by the European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk food-frequency
questionnaire, stratified by urine pH in casual urines for 22 038 men and women aged 39 to 78 years

(Mean values and standard deviations)

Units of pH (whole cohort)

5·0 6·0 6·5 7·0 7·5 and over

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD P for trend†

Men
Subjects

n 9958 3730 3414 1316 956 542
% 38 34 13 10 5

PRAL (mEq/d) 24·51* 12·16 23·21 12·16 24·64 11·99 25·54 12·04 25·93 11·73 27·62 13·08 ,0·001
PRAL (mEq/d)‡ 23·27 0·20 24·65 0·21 25·47 0·33 25·89 0·39 27·48 0·52 ,0·001
Fruit and vegetables (g/d) 406* 218 396 219 409 216 405 203 423 213 438 259 ,0·001
Fruit and vegetables (g/d)‡ 393 4 409 4 407 6 427 7 443 9 ,0·001
Meats (g/d) 100* 53 101 53 100 53 98 52 99 50 96 55 0·006
Meats (g/d)‡ 101 0·9 100 0·9 97 1·4 99 1·7 96 2·2 0·016
Cereal foods (g/d) 284* 137 285 137 287 139 278 129 286 140 276 141 0·16
Cereal foods (g/d)‡ 286 2·2 287 2·3 278 3·7 283 4·4 275 5·8 0·036
Dairy foods (g/d) 422* 183 419 181 423 182 430 182 418 186 417 192 0·82
Dairy foods (g/d)‡ 420 3·0 422 3·1 429 5·0 417 5·9 416 7·9 0·94

Women
Subjects

n 12 080 4696 3842 1434 1177 931
% 39 32 12 10 8

PRAL (mEq/d) 27·22 12·37 26·13 12·35 26·92 12·08 28·51 12·41 28·47 12·14 210·46 13·02 ,0·001
PRAL (mEq/d)‡ 26·15 0·18 26·92 0·20 28·50 0·32 28·45 0·36 210·40 0·40 ,0·001
Fruit and vegetables (g/d) 506 266 488 259 500 261 538 268 526 278 552 297 ,0·001
Fruit and vegetables (g/d)‡ 487 4 500 4 539 7 526 8 555 9 ,0·001
Meats (g/d) 92 49 93 50 92 48 93 52 88 48 87 47 ,0·001
Meats (g/d)‡ 93 0·7 92 0·8 93 1·3 88 1·4 87 1·6 ,0·001
Cereal foods (g/d) 252 118 251 118 256 120 247 111 255 122 247 117 0·62
Cereal foods (g/d)‡ 252 1·7 257 1·9 247 3·1 255 3·4 246 3·8 0·23
Dairy foods (g/d) 411 176 409 173 414 174 414 179 413 182 404 184 0·99
Dairy foods (g/d)‡ 409 2·6 414 2·8 414 4·6 413 5·1 404 5·8 0·95

Fruits and vegetables: all fruits and vegetables excluding potatoes and fruit juices. Meats: meat and meat products. Cereal foods: breads, breakfast cereals, cakes and buns, sweet and savoury biscuits, pasta, rice. Dairy: milk and
dairy products including yogurts and cheese.

* Mean value was significantly from that for women (P,0·001).
†P for trend calculated using ANOVA.
‡ Adjusted for age, BMI, smoking habit and physical activity (model 1). Mean values with their standard errors.
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vitamin C in each category in women than men. It is also possible
that men, with a larger kidney and body size, have greater
capacity to excrete hydrogen ions than women. Although these
sex differences are so far unexplained, it would be worthwhile
investigating why, for the same urine pH, women had a more
alkaline diet than men.

The results of the four-way comparisons, in the sub-study,
between the dietary and urine methods found non-significant
relationships with casual urine and fruit and vegetables and
meats from the FFQ and with meat from the 7 d food diary.
There were also significant differences between methods in
PRAL and food intake. The correlation coefficient between
the two dietary methods for PRAL was 0·48. However, associ-
ations with the 24 h urine were significant, indicating greater
measurement error with pH measured in the casual urine
sample and it is likely that our findings could be twice the
scale if 24 h urine samples had been collected and the 7 d
food diary used for the whole study.

Despite the homeostatic mechanisms for regulation of acid–
base status and the likely measurement error with casual
urine pH, we found associations between dietary acid–base
load, meat and fruit and vegetables. There was a difference of

0·08 units of pH per 12·4 mEq/d of PRAL or the equivalent
for 0·1 unit change in pH of 15·5 mEq PRAL per d. Although
these differences may seem small scale, they are similar to inter-
ventions with diet and K salts(6 – 14). Intervention studies with
increased intakes of purified protein (wheat gluten, casein, lac-
talbumin, egg whites), in which Ca and P were held constant,
found decreases in urine pH(6,7). Studies in which protein
intake was increased and vegetable intake decreased led to
more acidic urine pH, with differences of 6–13 g protein
required to affect pH by 0·1 unit(8,13). In another volunteer
study with diets designed to be acidic then alkaline, urine pH
changed from 6·1 to 7·3(11). PRAL was calculated from an inter-
vention study, with increased protein and decreased fruit and
vegetable intake, and a change of 12·8 mEq/d PRAL induced
a 0·1 unit reduction in pH(8). Two intervention studies with pot-
assium citrate and sodium bicarbonate, respectively, found
increases in urine pH from 6·11 to 6·33 and from 5·32 to
7·34(10,14). Calculations from another intervention study
with varying doses of KHCO3 (30–90 mEq/d) indicated that
7–11·8 mEq KHCO3 per d were required to induce a 0·1 unit
increase in pH(12).

We found the urine pH of meat-eaters was significantly
lower than non-meat-eaters by 0·1 units both before and
after adjustment for covariates. One other study found non-
significant differences between the urine pH of omnivores
and vegetarians (6·26 v. 6·45, respectively)(30). An intervention
study which held protein, Ca, K, P and Mg constant but chan-
ged the type of protein from vegetable to animal found a
decrease in pH from 6·55 to 6·17(9).

The correlation between the casual and 24 h urine, although
significant, was relatively weak. This may be due to the
time difference between the data collections or due to variabil-
ity in urine pH over 24 h, which would be less well captured
with casual urine samples. The difference could also be due to
the lower precision of the dipstick (narrower range of measure-
ments and larger measurement intervals) or even due to errors in
colour interpretation. It would be important to identify and
quantify sources of differences between the two methods and
to evaluate intra-individual variability in pH excretion with dip-
stick measures in future studies. The reliability of dipstick
measures also needs to be evaluated.

Fig. 1. Intake of fruit and vegetables according to pH category in men (A)

and women ( ) after adjusting for age, BMI, physical activity and smoking

status, consumption of meats, cereal foods and dairy products (n 22 038).

Values are means, with their standard errors represented by vertical bars. P

for trend is significant in both men and women (P,0·001).

Table 4. Mean plasma vitamin C (mmol/l) stratified by units of pH in 19 338 men and women aged 39 to 78 years

(Mean values and standard deviations)

Units of pH (whole cohort)

5·0 6·0 6·5 7·0 7·5 and over

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD P for trend†

Men
n 8833 3314 3035 1181 830 473
Plasma vitamin C 46·9* 18·7 44·6 18·9 47·1 18·1 48·3 18·7 50·9 17·9 51·0 19·5 ,0·001
Plasma vitamin C‡ 44·8 0·31 46·9 0·33 48·1 0·52 50·2 0·62 50·4 0·83 ,0·001

Women
n 10 505 4062 3349 1257 1018 819
Plasma vitamin C 58·5 19·9 56·5 20·1 58·2 19·5 60·9 18·5 60·4 20·2 63·3 20·1 ,0·001
Plasma vitamin C‡ 56·6 0·30 58·0 0·33 60·6 0·54 60·2 0·60 62·6 0·67 ,0·001

* Mean value was significantly from that for women (P,0·001)·
†P for trend calculated using ANOVA.
‡ Adjusted for age, BMI, smoking habit and physical activity (model 1). Mean values with their standard errors.
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The limitations of the present study are the measurement
errors relating to the use of casual urine samples and dipsticks,
as well as the FFQ. However, random measurement error is
likely to attenuate any associations. Indeed the sub-study
found stronger relationships using the more precise method-
ology. Nevertheless, we were able to observe significant

associations between usual diet and casual urine pH, measured
with dipsticks, in this large population.

Among the non-dietary factors affecting urine pH are dia-
betic ketoacidosis, renal failure, diuretic medication and hyper-
tension, but we found a relationship between diet and urine pH
despite these factors. Another factor is the decline in kidney

Table 5. Intake of potential renal acid load (PRAL) and food types according to diet-
ary method in 363 men and women aged 40 to 75 years*

(Mean values and standard deviations)

FFQ 7 d diary

Mean SD Mean SD P

PRAL (mEq/d) 26·52 14·04 22·37 11·08 ,0·001
Fruit and vegetables (g/d) 476 308 295 185 ,0·001
Meats (g/d) 98 50 108 56 0·002
Cereal foods (g/d) 269 133 290 111 0·003
Dairy products (g/d) 424 185 283 157 ,0·001

* Correlations between FFQ and diary data: PRAL r 0·48 (P,0·001); fruit and vegetables r 20·58
(P,0·001); meats r 0·30 (P,0·001); cereal foods r 0·42 (P,0·001); dairy r 0·58 (P,0·001).

Table 6. Comparison of relationship between urine pH and diet in a sub-study of 363 men and women with 24 h
and casual urine collections and two dietary methods (7 d food diary and a food-frequency questionnaire) by
regression of urine pH with sex, age, body mass index, physical activity and smoking habit and either potential
renal acid load (PRAL) or fruit and vegetable and meat consumption*

(Coefficients and standard errors)

Casual urine pH 24 h urine pH

b SE P b SE P

Model 2†
FFQ

Sex (male v. female) 0·0668 0·0849 0·43 0·2299 0·0641 0·001
PRAL (mEq/d) 20·0785 0·0419 0·06 20·1294 0·0317 , 0·001
Age (years) 20·0001 0·0047 0·97 20·0034 0·0035 0·34
BMI (kg/m2) 0·0053 0·0123 0·67 20·0243 0·0093 0·009
Smoking habit (yes v. no) 0·1202 0·1370 0·38 0·0657 0·1037 0·53
Physical activity (active v. inactive) 20·0152 0·0394 0·70 20·0053 0·0298 0·86

Diary
Sex (male v. female) 0·0237 0·0862 0·78 0·1835 0·0649 0·005
PRAL (mEq/d) 20·1270 0·0421 0·003 20·1561 0·0317 , 0·001
Age (years) 20·0005 0·0042 0·91 20·0039 0·0035 0·26
BMI (kg/m2) 0·0083 0·0122 0·49 20·0199 0·0092 0·030
Smoking habit (yes v. no) 0·0990 0·1356 0·47 0·0284 0·1021 0·78
Physical activity (active v. inactive) 20·0114 0·0391 0·77 20·0008 0·029 0·98

Model 3‡
FFQ

Sex (male v. female) 0·0676 0·0877 0·44 0·2085 0·0656 0·002
Fruit and vegetables (g/d) 0·0443 0·0435 0·31 0·1113 0·0326 0·001
Meat (g/d) 20·0794 0·0419 0·059 20·1043 0·0313 0·001
Age (years) 20·0005 0·0047 0·92 20·0039 0·0035 0·26
BMI (kg/m2) 0·0075 0·0123 0·54 20·0224 0·0092 0·016
Smoking habit (yes v. no) 0·0679 0·1372 0·62 20·0291 0·1027 0·78
Physical activity (active v. inactive) 20·0128 0·0395 0·75 20·0046 0·0296 0·88

Diary
Sex (male v. female) 0·0329 0·0851 0·69 0·2062 0·0637 0·001
Fruit and vegetables (g/d) 0·1479 0·0436 0·001 0·1563 0·0326 , 0·001
Meat (g/d) 20·0527 0·0476 0·27 20·0856 0·0356 0·017
Age (years) 20·0007 0·0046 0·88 20·0041 0·0034 0·24
BMI (kg/m2) 0·0101 0·0121 0·41 20·0178 0·0090 0·05
Smoking habit (yes v. no) 0·0192 0·1356 0·89 20·0606 0·1016 0·55
Physical activity (active v. inactive) 20·0125 0·039 0·75 20·0011 0·0291 0·97

* Variables PRAL, fruit and vegetables and meat were standardised by dividing by their standard deviations (see Table 5 for standard
deviations).

† Model 2 included sex, PRAL, age, BMI, physical activity and smoking habit.
‡ Model 3 included sex, fruits and vegetables, meats, age, BMI, physical activity and smoking habit.
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function with age, which would lead to an increase in blood
hydrogen ions, and the possibility that urine pH would reflect
diet less well in older individuals(31 – 33). However, substantial
impairment in kidney function would need to occur before
effects on urine excretion were seen. Despite these influences
and the greater precision with more established steady-state
methodology using diet, stool and urine composition, urine
pH has advantages of convenience as an indicator of the
acid–base status of the body. It is easily measured with detec-
tion strips and the present study indicates that even a casual
urine sample could be used to monitor population dietary
differences in acid–base load, fruit and vegetables and
meat consumption. Studies to evaluate the effects of dietary
modification of PRAL, fruits and vegetables and meats are
needed. The clinical relevance of the differences in urine
pH that we found, that are associated with dietary intake,
also require further investigation. However, as urine pH is
a readily measurable and tangible marker of fruit and vegetable
and meat intake we believe its use to enable individuals
to monitor changes in their dietary habits should be investi-
gated further.

In conclusion, dietary acid–base load was significantly
related to urine pH with more alkaline urine associated with a
more alkaline dietary load. There was a difference of 4·2 mEq
PRAL and two-thirds to just under one portion of fruit and veg-
etables, in men and women respectively, between the lowest and
highest categories of pH. The scale of the associations found was
similar to intervention studies. Casual urine pH provides a
simple tangible measure of the effects of diet in this population
and its use to monitor change in diet quality needs further
investigation.
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