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Abstract

Background: An elevated level of uric acid (UA), also known as hyperuricemia (HUA), contributes to the
occurrence of cardiovascular diseases (CVDs). However, epidemiolocal features of HUA in populations
of Benin are rare.

Objectives: We identified clinical and metabolic factors associated with HUA in taxi-motorbike drivers
(TMDs) of Cotonou.

Methods: A total of 134 participants with a mean age of 39.3 years were analyzed using a retrospective
cross-sectional study design. Data from a self-administered questionnaire and biochemical markers
including, plasma UA, glucose, insulin, creatinine, and lipids were obtained from each participant. HUA
was defined as plasma UA greater than 416 pmol/L. Insulin resistance (IR) was determined using the
homeostatic model assessment (HOMA). Logistic regression analysis was performed to determine the
association of various risk factors with HUA. Odds ratio (OR) and 95% confidence interval (Cl) were
calculated for HUA.

Results: The overall prevalence of HUA was 19.4% (95% Cl: 12.7-26.1) in TMDs. Multivariable logistic
regression showed that IR (OR=3.60, 95% Cl: 1.27-10.22, P=0.02), hypertension (OR=2.75, 95% Cl: 1.00-
7.54, P=0.05), and triglycerides (TG; OR=4.25, 95% Cl: 1.39-12.98, P=0.01) were risk factors for HUA.
Furthermore, creatinine was inversely associated with HUA (OR=0.62, 95% Cl: 0.41-0.94, P=0.02).
Conclusion: HUA was found in 19.4% of the patients. In addition, hypertension, IR, creatinine, and TG
levels were independently associated with HUA in TMDs. Therefore, the monitoring of these markers may
help prevent HUA.
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Background

balance may lead to hyperuricemia (HUA). UA levels

Uric acid (UA) is the final enzymatic product of purines,
which are either normally produced in the body or arise
from foods and drinks (1,2). Nucleotidase enzymes act
on the phosphate group of adenosine monophosphate
and guanine monophosphate to produce inosine and
guanosine, respectively. Inosine and guanosine are further
converted to hypoxanthine and guanine, respectively.
Hypoxanthine is then oxidized to form xanthine by
xanthine oxidase, and guanine is deaminated to form
xanthine by guanine deaminase. Xanthine oxidoreductase
converts xanthine to UA, which is the final product of the
catabolism of purine in humans (3,4). In other mammals,
uricase converts UA to allantoin (5), which has a more
efficient urinary excretion route compared to UA (6).
Under physiological conditions, UA synthesis and
excretion are balanced in the body. Abnormalities in this

greater than 416 pmol/L in male or female UA levels > 360
umol/L are considered as HUA (7). Studies have evidenced
that HUA is both a protective and risk factor in human
diseases including non-communicable diseases (8). HUA
predisposes to gout through the formation of urate crystals
(2). Moreover, a growing body of evidence indicates that
elevated UA levels, independent of crystal formation,
might play a pathophysiological role in many “cardio-
nephro-metabolic” disorders (2,9). Several reports have
indicated a link between the high UA levels and risk of
incident hypertension (3, 10). Further, HUA is a risk factor
for the development of diabetes (11,12), chronic kidney
disease (13, 14), as well as the occurrence of cardiovascular
events (15-17).

To the best of our knowledge, epidemiolocal features
of HUA have never been assessed in Benin populations,
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including taxi-motorbike drivers (TMDs) working
in Cotonou city. TMDs are exposed to well-known
cardiovascular risk factors such as ultrafine particles (UFP)
(18). Additionally, lifestyle behaviors such as alcohol
intake, fat-rich dietary patterns, and lack of exercise due
to long working hours induce high cardiovascular risk
profiles in TMDs. However, the majority of previous
studies on TMDs focused on genotoxic effects of ambient
air pollutants, and data on the prevalence of HUA are
lacking. As such, it is important to obtain data on HUA
to control for non-communicable diseases among TMDs.

This study aimed to determine the prevalence of HUA
in the TMDs of Cotonou. We also identified clinical and
metabolic factors associated with HUA. We hypothesized
that HUA is associated with cardiovascular risk factors
(e.g., blood lipids and insulin resistance) and tested this
hypothesis in a cross-sectional study.

Materials and Methods

Study Design and Population

The air pollution survey (APS) investigated the health
effects of air pollution on exposed populations of Cotonou
including TMDs. Data were collected during physical
check-ups by a trained physician after informed consent
was obtained from the participants. All survey participants
were male and non-smokers with no history of diabetes or
cardiovascular diseases (CVDs). Each participant provided
blood samples for analysis of biochemical and genotoxic
markers. Detailed information on the study participants
has been previously described (18,19).

In the APS, TMDs were offered regular health checkups.
Therefore, we conducted a retrospective cross-sectional
study utilizing existing data to identify some clinical
and metabolic factors associated with HUA. In this
study, we analyzed data related to TMDs included in the
APS between April and July 2009. Participants could be
included in the study if they were over 18 years old and had
measurements of plasma UA, glucose, insulin, creatinine,
and lipids. Furthermore, as patients with HUA had an
increased risk of having type 2 diabetes (T2D), those with
a fasting blood glucose > 7.0 mmol/L were excluded. Out
of 147 TMDs initially included, 134 met inclusion criteria
and were, therefore, analyzed in this study (Figure 1). The
APS protocol was evaluated and approved by the Benin
Environmental Agency.

Demographic and Clinical Characteristics

Clinical and metabolic variables of interest in this study
included age, exposure duration, alcohol consumption,
body mass index (BMI), systolic blood pressure (SBP),
diastolic blood pressure (DBP), UA, glucose, creatinine,
insulin, and blood lipids including total cholesterol
(TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C). All laboratory testings were
conducted by standardized methods in the Research Unit
NGERE (“Nutrition-Génétique-Exposition aux risques
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147 Taxi-motorbikes drivers with valid measures of uric acid

5 missing anthropometric or
insufficient biochemical data

142 eligible Taxi-motorbike drivers

5 missing blood pressure
readings

+ 3 had elevated fasting glucose
(> 7 mmol/L)

A4

134 Taxi-motorbike drivers compose the study cohort

Figure 1. Criteria for Inclusion and Exclusion of Study Participants.
environnementaux’, Faculté de Médecine, Nancy, France).

Definitions of Variables

HUA was defined as plasma UA greater than 416 umol/L,
which is an accepted cut-off in male patients (7). The
prevalence of HUA was determined as the proportion
of study participants meeting the criteria for HUA. We
defined hypertension as SBP > 140 mm Hg or DBP > 90
mm Hg (20). The homeostatic model assessment-insulin
resistance (HOMA-IR) was calculated using the formula
described by Matthews et al (21). HOMA-IR =fasting
plasma insulin (uU/mL) x fasting plasma glucose
(mmol/L) / 22.5. The 75" percentile of HOMA-IR values
was used as the cut-off point for IR (21).

Statistical Analysis

Continuous variables are expressed as the mean (standard
deviation), and categorical variables are expressed as
percentages. We used the chi-square test or Fisher’s
exact test for comparison of categorical variables and the
Mann-Whitney U test for continuous variables. Logistic
regression analysis was used to estimate the association
of UA with clinical and metabolic factors. All statistical
analyses were performed by IBM SPSS 20.0 software. The
differences were considered statistically significant at a
P<0.05.

Results

A total of 134 participants, with a mean age of 39.3 years,
were included in this study. Tables 1 and 2 summarize
distributions of demographic and cardiometabolic risk
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Table 1. Demographic, Clinical, and Metabolic Parameters in Patients With and Without Hyperuricemia

Variables All Study Cohort (n=134) Normouricemic (n=108) Hyperuricemic (n=26) P Value
Age (years), mean (SD) 39.3(7.7) 39.4(7.7) 38.5(7.7) 0.67
BMI (kg/m?), mean (SD) 23.5(3.8) 23.3(3.8) 24.4 (3.9) 0.19
SBP (mm Hg), mean (SD) 134.3 (18.7) 132.7 (18.4) 141.0 (19.2) 0.04
DBP (mm Hg), mean (SD) 84.7 (13.2) 83.9 (13.6) 88.1(11.0) 0.07
Uric acid (pmol/L), mean (SD) 351.3 (68.3) 327.3 (48.7) 451.1 (43.0) <0.01
Exposure duration (years), mean (SD) 11.5(6.0) 11.6 (5.9) 11.0 (6.3) 0.55
Creatinine (mg/L), mean (SD) 11.6 (1.3) 11.7 (1.4) 11.2 (1.0 0.12
Insulin (pU/mL), mean (SD) 26.0 519.5) 24.9(18.3) 30.3 (24.1) 0.30
Glucose (mmol/L), mean (SD) 4.2 (0.6) 4.2 (0.8) 4.2 (0.8) 0.18
HOMA-IR, mean (SD) 4.9 (3.8) 4.6 (3.3) 6.1(5.4) 0.39
TC (mmol/L), mean (SD) 4.3 (0.9) 4.3 (0.9) 4.5 (1.0) 0.39
TG (mmol/L), mean (SD) 0.8 (0.4) 0.7 (0.3) 1.0 (0.5) <0.01
HDL-C (mmol/L), mean (SD) 1.3 (0.4) 1.3 (0.4) 1.4(0.3) 0.44
LDL-C (mmol/L), mean (SD) 2.6 (0.8) 2.6 (0.7) 2.6 (0.9) 0.89
Alcohol use, No. (%) 52 (38.8) 39 (36.1) 13 (50.0) 0.26
IR, No. (%) 32(23.9) 22 (20.4) 10 (38.5) 0.05
Prevalence of HUA, No. (%) 26 (19.4) - - -
Hypertension, No. (%) 63 (47.0) 46 (42.6) 17 (65.4) 0.04

Note. BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HOMA-IR: Homeostatic model assessment for insulin resistance; TC:

Total cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; IR: Insulin resistance.

Table 2. Clinical and Metabolic Characteristics of Participants Based on Quartile of Uric Acid

Quartile of Uric Acid

2nd (n=28), 297.5-351.1

3rd (n=38), 351.1-394.2

4th (n=32),>394.2

1st (n=36), <97.5 pmol/L pmol/L pmol/L pmol/L P Value
Age (years) 39.0(7.6) 39.3 (7.4) 40.1 (8.3) 38.6 (7.5) 0.84
BMI (kg/m?) 21.5(2.6) 23.7 (2.9) 24.4 (4.6) 24.6 (4.1) <0.01
SBP (mm Hg) 132.4 (23.0) 128.2 (14.9) 135.0 (15.5) 140.8 (18.7) 0.03
DBP (mm Hg) 85.0(15.8) 81.1(11.0) 84.9 (13.8) 87.5(10.5) 0.22
Exposure duration (years) 11.7 (6.4) 11.6 (6.1) 11.7 (5.5) 10.9 (6.0) 0.88
Creatinine (mg/L) 11.3(1.7) 11.5(1.2) 12.0 (1.1) 11.4(1.2) 0.06
Insulin (uU/mL) 20.2 (12.2) 25.3 (14.6) 29.2 (24.4) 29.4 (22.7) 0.19
Glucose (mmol/L) 4.2 (0.5) 4.1(0.5) 4.2 (0.6) 4.3(0.7) 0.43
HOMA-IR 3.8 (2.5) 4.7 (2.9) 5.4 (4.1) 5.9(5.1) 0.26
TC (mmol/L) 4.3(0.9) 4.5(1.0) 4.2(0.9 4.3 (1.0 0.64
TG (mmol/L) 0.6 (0.2) 0.7 (0.2) 0.9 (0.5) 1.0 (0.5) <0.01
HDL-C (mmol/L) 1.4 (0.5) 1.3(0.4) 1.2(0.4) 1.3(0.3) 0.24
LDL-C (mmol/L) 2.5(0.6) 2.8 (0.8) 2.5(0.7) 2.5(0.9) 0.33

Note. BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HOMA-IR: Homeostatic model assessment for insulin resistance; TC:
Total cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.

Values are reported as mean (standard deviation).

factors for the whole study cohort based on HUA statuses
or UA quartiles. Overall, 63 out of the 134 participants met
the criteria of hypertension with a prevalence of 47.0 %
(95% CI: 38.5-55.5%). The mean level of UA (+standard
deviation) in the study population was 351.3 (68.3) pmol/L.

Of the 134 participants analyzed in this study, 26 met
the criteria of HUA with an overall prevalence of 19.4%
(95% CI: 12.7-26.1) as depicted in Table 1. The proportion
of hyperuricemic patients in hypertensive was higher than
that of non-hypertensive patients (12.7% versus 6.7%,

respectively, P=0.04).

Univariate analyses showed that TG, IR, hypertension,
and BMI were significantly associated with UA levels.
Other factors including, age, glucose, alcohol intake, TC,
HDL-C, and LDL-C indicated no significant associations
with UA levels (Tables 1 and 2).

As can be observed in Table 3, multivariable logistic
regression demonstrated that IR (OR=3.60, 95% CI:
1.27-10.22, P=0.02), hypertension (OR=2.75, 95% CI:
1.00-7.54, P=0.05), TG (OR=4.25, 95% CI: 1.39-12.98,
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Table 3. Clinical and Metabolic Factors Independently Associated With
Hyperuricemia in the Study Population

Variables OR 95% Cl P Value
IR 3.60 1.27-10.22 0.02
Hypertension 2.75 1.00-7.54 0.05
TG (mmol/L) 4.25 1.39-12.98 0.01
Creatinine (mg/L) 0.62 0.41-0.94 0.02

Note. OR: Odd ratio; Cl: Confidence interval; IR: Insulin resistance; TG:
Triglycerides.

P=0.01), and creatinine (OR=0.62, 95% CI: 0.41-0.94,
P=0.02) were independently associated with HUA.

Discussion

This study found that the overall prevalence of HUA was
19.4% among the population of TMDs in Cotonou. To the
best of our knowledge, only a few studies determined the
prevalence of HUA in apparently healthy subjects from
African populations (22). However, our estimates are
similar to those reported in other parts of the world. For
example, HUA prevalence was 21.4% in Japan (23), 13% in
China (24), and 17.2% in the rural population of Nigeria
(22). Notably, our estimate of HUA was higher than that
reported in Bangladeshi adults with 9.3 % prevalence (25).

The results obtained in this study indicated that TG
level was an independent risk factor for HUA. This finding
confirmed reports of previous studies that showed a linear
relationship between TG and UA levels (26-28). The
molecular mechanisms by which HUA is associated with
the elevated TG levels remain unproven. Overproduction
of fatty acids in the liver is speculated to increase the
synthesis of de novo purine, resulting in the increased UA
production (29).

IR is one of the most significant contributing factors
to HUA in the current study. The univariate analysis
revealed that BMI, hypertension, and elevated TG are
associate with HUA. However, these factors were found to
be closely associated with IR. Therefore, it is possible that
the association between IR and UA could be ascribed to
these factors (30). Multivariate logistic regression showed
a decrease in OR, but the association remained statistically
significant. This observation suggests that none of the
potential confounders impacted the link between UA and
IR similar to what was reported in previous studies (28,30-
33). It was suggested that HUA, as a strong predictor of
diabetes, precedes the development of both IR and T2D
(11). However, no causal role of plasma UA on IR was
found among the newly diagnosed T2D patients (32).

Data from the literature demonstrated the robust
association of HUA with hypertension, impaired renal
function, and CVDs. In our study, hypertension, one of
the strongest risk factors for CVDs, was linearly associated
with UA levels. A retrospective cohort study conducted in
prehypertensive Japanese adults showed that HUA was a
significant risk factor for developing hypertension (16).
Another multicenter study by Lin et al (34) examined
the association between UA levels and changes in renal

Hyperuricemia in Taxi-motorbike Drivers of Cotonou

function in patients with hypertension. These authors
demonstrated that the elevated UA levels were correlated
with increased serum creatinine level (34), a marker of
kidney function. In a cross-sectional and subsequently
prospective study performed among adults who took their
health checkups, Ni et al (35) showed that creatinine was
associated with risk for incident HUA. However, in our
study, UA level was inversely associated with creatinine.
Possible explanations for this discrepancy can be related
either to the study design or decreased creatinine
generation due to reduced meat intake, renal secretion or
degradation of creatinine, and fluid balance disorders such
as dehydration (36).

The mechanisms by which UA induces IR or
participates in CVDs remain unproven. Well-accepted
pathophysiological mechanisms through which UA
promotes CVDs include nitric oxide depletion, endothelial
dysfunction, and its pro-oxidant activity in the cytoplasm
or arteriosclerotic plaques (2). Evidence also suggests
that UA may compromise insulin receptor substrate 1
and AKT insulin signaling, thereby contributing to IR
(37). Some studies have demonstrated that IR enhances
renal sodium reabsorption, resulting in hypertension
(38). Furthermore, reactive oxygen species produced via
activation of xanthine oxidoreductase or nicotinamide
adenine dinucleotide phosphate oxidase are known to be
required in the pathogenesis overlap between HUA and
CVDs (2).

Taken together, obtained data in this study suggest the
coexistence of multiple cardiovascular risk factors (e.g.,
hypertension, TG, and IR) in hyperuricemic TMDs.
This increases their cardiovascular risk profile, which
may be reduced if these markers are identified early and
appropriate interventions administered.

This study had some limitations. The study participants
were recruited only in Cotonou, with relatively small
sample size. Thus, they might not represent the whole
Beninese population. Other well-known correlates of
HUA such as lifestyle behaviors (2) were not assessed in
this study. As such, our estimates are prone to residual
confounding from these factors that we did not consider
in our analysis. Furthermore, our retrospective cross-
sectional design does not account for temporality, and we
were unable to certify whether the hyperuricemic status
was transient or persistent. Therefore, it is impossible to
draw conclusions based on the causality of the relationships
between covariates and HUA. Further epidemiological
studies are needed to investigate the prevalence of HUA
along with its risk factors in populations of Benin. Despite
these limitations, the current study is among initial studies
to provide useful epidemiological data on the prevalence
of HUA and identified some associated risk factors among
the TMDs of Cotonou.

Conclusion
This study found that the prevalence of HUA was 19.4% in
the TMDs. Further, hypertension, TG, creatinine, and IR
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were independently associated with HUA. These markers
may help identify which individuals are at high risk of
developing HUA.
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