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Diet Induced Acidosis is Associated with Lower Circulating Adiponectin
Levels regardless of Body Weight Status
*Abdullahi M,1 Aliyu GG2
ABSTRACT
Low circulating Adiponectin level have been observed to significantly increase the risk of developing
type 2 Diabetes mellitus, cardiovascular diseases and several malignancies. A number of potential
determinants of the circulating Adiponectin levels have been investigated in order to develop newer
preventive strategies for such diseases. The possible role of diet induced acidosis in decreasing the
circulating level of Adiponectin in healthy population has been proposed. However, findings from
previous studies are not consistent. It is likely that the association is affected by genetic and
environmental factors that differ among different populations. We investigated the impact of diet
induced acidosis on the circulating level of Adiponectin in a group of apparently healthy adult
Nigerians. Food frequency questionnaire and the Nigerian Food Composition Table were used for the
assessment of dietary intake. Acid forming potential of our local diets were estimated as Potential
Renal Acid Load (PRAL) scores. Plasma total Adiponectin was measured. Across the quartiles of the
PRAL scores, there was a statistically significant trend with higher intake of dietary acid associated
with significant decreased circulating Adiponectin level (p for trend < 0.05). Study participants in the
highest quartile of the PRAL scores have a statistically significant lower Adiponectin level compared
with participants in the lowest quartile (12.6 ± 2.2µg/mL vs. 6.1 ± 2.5µg/mL, p < 0.05). We conclude that
among the subjects in this study lower intake of dietary acid is associated with significant increase in
circulating Adiponectin level.
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Report from an experimental study
suggests that cellular acidosis down-regulates
Adiponectin gene expression and therefore
decreases circulating Adiponectin level; and a
number of reports from interventional studies,
mainly done among Caucasians, suggest that
consumption of foods with high acid forming
potential, such as processed foods, is
associated with a decrease in circulating level
of Adiponectin, while consumption of diets
with base forming potential result in increased
12-26
Adiponectin circulating level.
However,
some reports from other investigators do not
confirm these findings.20,27,28 There is a recent
increase in the prevalence of habitual
consumption of high acid forming diets in our
setting, and the effect of that on the circulating
level of Adiponectin, in the general
29
population, has not been investigated.
Therefore, using the potential renal
acid load (PRAL) score to estimate the acidforming potential of our local diets, we tested
whether diet-induced acidosis is associated
with low circulating level of Adiponectin
among a group of apparently healthy adult
Nigerians.

INTRODUCTION
Adiponectin is an adipocytokine that
is predominantly produced by adipocytes and
plays a significant role in metabolic and
cardiovascular homeostasis through its
insulin-sensitizing actions and antiinflammatory and antiatherogenic
properties.1,2 More recently, it has been
observed that, among the general population,
lower circulating levels of Adiponectin can
substantially increase the risk of developing
type 2 Diabetes mellitus, cardiovascular
diseases and several malignancies.3-10 This has
led to studies on the investigation of potential
determinants of the circulating Adiponectin
levels in order to develop newer preventive
approaches for diseases such as type 2
Diabetes mellitus and cardiovascular diseases,
and a number of potential determinants of
circulating Adiponectin level have been
investigated.11
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MATERIALS AND METHODS
Study Participants
We conducted this cross-sectional
analytical hospital-based study among two
hundred and thirty-two (232) apparently
healthy adult Nigerians (128 males and 104
females) aged above 18 years. The subjects
were recruited into the study at the State
Specialist Hospital, Gombe, Nigeria, from
among individuals who presented to the
hospital for routine medical check-up, premarital screening and blood donors. All study
subjects are Nigerians of African descent and
living in Gombe State. Subjects with
diagnosed diabetes mellitus or any other
illness, smokers, alcoholics, pregnant and
lactating women, under-reporters or overreporters of dietary intake (< 800kcal/day or >
4,200kcal/day respectively) and individuals
on special diets were all excluded from the
study.
This study was approved by the Ethics
Committee of the Gombe State Ministry of
Health, Gombe, and the study procedures
adhered to the recommendations of the
Declaration of Helsinki. All the study subjects
gave informed consent.

Dietary assessment
During the interview a food
frequency questionnaire was used to assess
the intake of food items over the preceding
week. To determine the frequency of
consumption, nine response options were
given, from rarely (less than once in month)
to more than once a day. And to determine
portion size, a standard portion size for each
food item was specified according to local
household measures, and each participant
was asked to specify his/her portion size as
half the standard, the standard or one and half
times the standard portion size.
The average daily intake of each of
the food items was determined by
multiplying the frequency of daily
consumption and the standard portion size by
the participant portion size. Dietary intakes of
energy and selected nutrients were estimated
from the Nigerian Food Composition Table.30
Estimation of Dietary Acid Load
The dietary acid intake was estimated
using the Potential Renal Acid Load (PRAL)
score;
The PRAL score was calculated using the
following equation:
PRAL (mEq/day) = 0.4888 × Dietary
Protein (g/day) + 0.0366 × Dietary
Phosphorus (mg/day) - 0.0205 × Dietary
Potassium (mg/day) - 0.0125 × Dietary
Calcium (mg/day) - 0.0263 × Dietary
Magnesium (mg/day).31

Data collection
The study subjects were evaluated in
the morning following a10-12 hours
overnight fast. History and physical
examination were carried out on each of the
study subjects at the time of blood sample
collection. Data on age, sex and dietary intake
were noted and recorded. During physical
examination, blood pressure measurements
were obtained with each subject in a sitting
position using a mercury
Sphygmomanometer. Systolic and diastolic
blood pressures were measured and recorded.
Body weight and height were measured with
subjects standing erect and not wearing shoes
or headgear. A wall-mounted measuring tape
was used for the measurement of body height
and a weighing scale for the body weight
measurements. Body mass index (BMI) was
calculated as weight in kilogram (kg) divided
by height in meter squares (m2).

Laboratory analysis
Overnight fasting venous blood
samples were collected in to lithium heparin
bottles for the quantification of Adiponectin
and Glucose. Blood samples were
immediately centrifuged for 15 minutes for
separation of plasma, which was stored in
0
aliquots at -20 C until analysis. Fasting
plasma Glucose was measured using the
Glucose oxidase method (Agappe
Diagnostics Limited, India) and plasma total
Adiponectin was measured using an
Enzyme-Linked Immunosorbent Assay
(ELISA) kit (Bioassay Technology
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Laboratory BT Lab. China) which utilizes an
antibody specific for human Adiponectin
coated on the walls of the micro wells. The
Adiponectin present in the plasma samples
bound to the wells, by the immobilized
antibody, on adding the samples into the wells.
Subsequent addition of biotinylated antihuman Adiponectin antibody and HRPconjugated streptavidin into the wells,
together with a substrate (TMB) resulted in
the development colored solution whose
intensity is directly proportional to the
concentration of the Adiponectin in the
samples. Stop Solution (Sulphuric acid)
changes the color from blue to yellow, and the
intensity of the color was measured at 450nm.
Standard curve of Adiponectin determination
was plotted and the Adiponectin level in each
sample was determined from the curve.
All laboratory analyses were done at
the Chemical Pathology laboratory of Gombe
State University/Federal Teaching Hospital,
Gombe.

RESULTS
Demographic, dietary and
biochemical parameters of the study subjects
are shown in Table 1. The mean age of the
study subjects, which were predominantly
males (55.2%), was 34.0 ± 5.4 years and the
mean BMI was 24.5 ± 4.4kg/m2. There were
no significant differences in the age and BMI
levels between male and female subjects
(34.1 ± 5.6 vs. 34.0 ± 4.1 years, p > 0.05) and
2
(24.8 ± 4.3 vs. 24.1 ± 4.4kg/m , p > 0.05)
respectively. The mean energy intake of the
study subjects was 2245 ± 423kcal/day. There
were no statistically significant differences in
the intake of energy, protein, Calcium,
Phosphorus, Potassium and Magnesium
among the male and female subjects (pvalues for all > 0.05).
The relationship between dietary acid
load and plasma level of Adiponectin in the
study subjects was examined (Figures 1 and
2.) A significant inverse relationship,
independent of age and BMI, was found
between PRAL scores and plasma
Adiponectin levels (r = -0.56, p < 0.05) in all
the study subjects (Figure 1). When the study
subjects were categorized into males and
females, the inverse relationships between
PRAL scores and plasma Adiponectin levels
was observed to be stronger in male subjects.
The subjects were categorized in to four
quartiles according to their median dietary
acid intake (Figure 2). Study subjects
consuming higher levels of dietary acid in the
fourth quartile were observed to have a
significantly lower level of plasma
Adiponectin level compared with the study
subjects consuming lower levels of dietary
acid (12.6 ± 2.2µg/mL vs. 6.1 ± 2.5µg/mL).

Statistical analysis
Statistical analysis of the generated
data was done using the Statistical package for
social sciences (SPSS) version 20.0.
Kolmogorow-Smirnov test was used to test
for normality of distribution of data and
logarithmic transformation was used to
improve the normality of distribution of
skewed data. Quantitative variables were
presented using proportions and measures of
central tendency and dispersion. The mean
values of quantitative variables were
compared across the PRAL quartiles
categories using ANOVA test. Partial
correlation analyses were used to determine
relationship between dietary acid load and
plasma Adiponectin and to adjust for
confounders. All p-values were two-sided and
considered significant if less than 0.05.
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Table 1: Demographic and Biochemical Parameters of the Study Subjects.

Keys: m, mean, SD, standard deviation, BP, blood pressure, PG, plasma glucose
PRAL, potential renal acid load, *median values, #Mann- Whitney test
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Figure 1: Plasma Adiponectin Level among the
Study Subjects. Mean and Standard Deviation are
shown. PRAL, potential renal acid load.

Figure 2: Correlation of Plasma Adiponectin and
Dietary Acid Load Scores among the Study
Subjects. PRAL, potential renal acid load

DISCUSSION
We examined the impact of diet
induced metabolic acidosis on the circulating
level of Adiponectin in a group of apparently
healthy adult Nigerians. We found a
significant negative association between dietinduced acidosis and circulating Adiponectin
level among the study subjects independent of
age, gender and body weight status.
Our results are supported by previous
prospective studies carried out mainly among
Caucasians, in which habitual consumption of
acidifying foods (high PRAL foods), as red

meat, processed meat, refined sugars and
high-fat dairy products, is significantly
associated with decreased circulating
Adiponectin levels.13-19
In support of our findings, Luisi et al24
25
and Spadafranca et al reported that
adherence to Mediterranean diet, which
consists largely of low PRAL foods as
vegetables and fruits, is associated with
significant increase in circulating
Adiponectin levels compared to nonadherence. Similar findings of significant
increase in circulating Adiponectin levels
28
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among individuals whose eating pattern
consists mainly of alkalinizing food items
were also reported by many other
20-23,26
investigators.
However, findings from some other
27
studies do not support these. Lovrencic et al
did not find a significant correlation between
following a vegetarian diet and Adiponectin
circulating level in male adults.27 Adherence
to Mediterranean diet was also not
significantly related to Adiponectin
circulating level in female adults and
adolescents of both sexes according to reports
20
from a study by Sureda et al. Adding to the
28
controversy, Gunn et al reported a decreased
total Adiponectin circulating level in
postmenopausal women following three
months dietary intervention with low PRAL
foods (fruits and vegetables).
Differences in sample sizes and
heterogeneity of the study subjects, including
differences in dietary patterns, and whether
total Adiponectin or high molecular weight
Adiponectin was measured in the different
studies might partly explain the discrepancies
in the findings from the previous studies.
Nutrient composition of food items
plays an essential role in the maintenance of
acid base homeostasis by supplying acid or
base precursors. Diets rich in animal proteins,
including red meat, eggs and high fat dairy
products among others, enhance the
production of acid in the body, while diets rich
in vegetables and fruits increase production of
32
alkali in the body. The potential renal acid
load (PRAL) score defines the capacity of any
food item to generate acid or base precursors
in the body.30 Habitual consumption of diet
containing high PRAL food items causes a
decrease in blood pH towards the lower end of
normal which, if not compensated for by the
normal homeostasis or modification of diets,
can induce a state of chronic low grade
metabolic acidosis (diet-induced acidosis) in
32
the body.
Chronic acidosis induces cellular
oxidative stress, and adipocytes that secrete
Adiponectin are sensitive to oxidative stress.33
Exposure of adipocytes to reactive oxygen
species suppressed Adiponectin mRNA

expression and secretion and also increased
the mRNA expression of pro-inflammatory
cytokines such as interleukin (IL) 6.34
Interleukin (IL) 6 is also a negative
regulatory factor of Adiponectin gene.35,36
Thus, the higher level of interleukin (IL) 6
further suppresses the transcription of
Adiponectin gene in adipose cells.
Additionally, metabolic acidosis has been
shown to directly inhibit the transcription of
Adiponectin gene in adipocytes.12
LIMITATIONS
Firstly, the assessment of energy and
nutrient intake was done using a self-reported
food frequency questionnaire which might be
affected by recall bias. Secondly, causality
cannot be inferred from the findings because
the design of the study is cross sectional.
Although potential confounders were
adjusted for, residual confounding is still
possible and could weaken the strength of
association.
CONCLUSION
We conclude that among apparently
healthy adult individuals in this study, higher
intake of dietary acid is associated with
decreased circulating Adiponectin levels.
This finding may require replication from
studies involving larger sample size and
various ethnic groups. We recommend
further longitudinal studies that will
investigate the impact of dietary acid
reduction/restriction on the circulating
Adiponectin level in our setting.
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