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Abstract Clinical anecdotal evidence suggests that the risk of cardiovascular disease among adult Nigerians with
osteoarthritis (OA) exist, but evidence from analytical research remains scarce in the literature. Therefore, this
research was conducted to examine the relationship between OA and certain risk factors for cardiovascular disease
in adults in Nigeria. We identified 40 consecutive cases of OA, age- and sex-matched adults who had no symptoms
or signs suggestive of OA as controls at the medical outpatient clinics of two tertiary hospitals in Ibadan, Nigeria.
Plasma lipids and glucose, as well as serum homocysteine, were determined following standard procedures. Other
indices of cardiovascular risk factors included body mass index, waist and hip circumference, and body adiposity
index. The associations between OA and the factors were explored using logistic regression analysis at p = 0.05.
Participants’ ages ranged from 31 to 74 years. There were four males and 36 females in cases and controls,
respectively. The odds of low high-density lipoprotein cholesterol (OR=6.71; 95% CI: 4.58, 10.31), high
low-density lipoprotein (OR=5.68; 95% ClI: 3.74, 11.42), high body adiposity index (OR=1.27; 95% CI: 1.11, 1.46)
and high total cholesterol-to-high-density lipoprotein ratio (OR=0.02; 95% CI: 0.01, 0.51) were higher in individuals
with OA than controls. Dyslipidaemia and increased adiposity are important risk factors for osteoarthritis in adults in
Nigeria. These factors could be useful for routine screening and stratification of cardiovascular risk in susceptible
individuals.

Keywords: dyslipidaemia, excess body fatness, dyslipoproteinemia, hypercholesterolemia, osteoarthritis

Cite This Article: Razaq Abiodun Ogunbona, Bose Etaniamhe Orimadegun, Samuel Olusegun Ogunlade,
Adesoji A. Fasanmade, and Emmanuel Oluyemi Agbedana, “Dyslipidemia and High Adiposity are Risk Factors
for Osteoarthritis in Adults in Nigeria.” American Journal of Biomedical Research, vol. 8, no. 1 (2020): 19-24.
doi: 10.12691/ajbr-8-1-4.

the pathophysiology of OA since the discovery of its
contribution to enhanced risk and progression. For

1. Introduction

Osteoarthritis (OA), a degenerative joint disorder
characterised by pain, tenderness, motion restriction,
crepitus, and occasional effusion of the large joints, [1] is
the leading chronic joint-related illnesses in adults
globally [2,3,4]. An estimated 9.6% of males and 18.0%
of females over 60 years of age have symptomatic
osteoarthritis [5]. The burden of OA is expected to increase
with the ageing population and rising rates of overweight
and obesity worldwide. According to the population
projection by the United Nations, over 20% of the world's
population will be people over 60 years old by 2050 [6]
and about 15% of these individuals will have symptomatic
OA [7]. This implies that 130 million individuals globally
will be suffering from OA by 2050, 40 million of whom
will be significantly handicapped by the disease [6].

Recently, increasing attention has been paid to
identifying lipid bioactive molecules that could explain

instance, OA has been associated with many components
of metabolic diseases, including dyslipidaemia, obesity,
and hypertension [8,9] and some of these are preventable.
It is foreseeable that the rapidly rising incidence of
OA may lead to an increased negative impact on
healthcare and public health systems as well as disabilities.
However, the causal link between OA and some of the
cardiometabolic risks such as dyslipidaemia is still unclear,
but studies have shown that some risk factors are common
to both, namely; age, obesity, gender, physical inactivity,
impaired fasting glucose, hypertension, and chronic
inflammation [10,11].

Though the exact prevalence of OA in Nigeria is
unknown, recent studies suggest that more than 16% of
patients in medical clinics across the country present with
OA-related features and most of them have obesity as well
as some metabolic diseases that are rapidly emerging
[12,13,14]. It could, therefore, be inferred that Nigeria will
have a remarkable burden of OA sooner than imagined.
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As the risk factors for cardiometabolic diseases and OA
are known, it may be instructive to investigate the
interactions between the two chronic conditions. Although
studies have reported the link between metabolic diseases
and osteoarthritis, the roles of dyslipidaemias and
homocysteine remain incompletely understood and
controversially discussed in the literature [11,15]. To this
end, this study was carried out to examine the association
between cardiovascular risk factors and OA among adult
Nigerians.

2. Materials and Methods

2.1. Study Design, Site, and Participants

In this case-control study, we identified 40 patients with
a first-time recorded diagnosis of OA aged 31 to 74 years
at the medical clinics of the University College Hospital,
Ibadan and Adeoyo State Hospital, Ibadan Nigeria. These
patients were age- and sex-matched with 40 healthy
individuals who presented for routine medical examination.
We excluded patients with a history of cancer, HIV or
drug abuse.

2.2. Study Variables and Co-variables

The following variables were recorded as the
characteristics of the participants: age, any current
medications such as statins and hormone replacement
therapy, menopause, weight, height, body mass index
(BMI) and diabetes mellitus diagnosis. The exposure of
interest was cardiovascular risk factors. Hypertension was
diagnosed if the systolic blood pressure readings were
>140 mmHg and/or diastolic blood pressure readings >90
mmHg on two different days. Other variables were body
mass index (BMI), waist circumference (WC), waist-to-hip
ratio, plasma lipid, fasting blood glucose and serum
homocysteine levels at the time of diagnosis.
Dyslipidaemias were defined as elevated LDL cholesterol
(>130 mg/dL), low HDL cholesterol (<40 mg/dL for men
and <50 mg/dL for women) and elevated triglycerides
(TG) (=150 mg/dL) [16]. Visceral obesity was defined by
the measurement of lipid accumulation product index
(LAP). The LAP was calculated using the equations [17]:
in men = [(WC-65) x TG], and in women = [(WC-58) x
TG]. The equation: (hip circumference)/((height)**) minus
18 was used to calculate Body Adiposity Index (BAI) as
reported by Bergman et al [18]. The BAI greater than 21%
and 33% were considered as high for men and women,
respectively as did by Gallagher et al [19]. The study
cases was characterized as the presence of OA, assessed
by qualified clinician and radiological index using the
standard Kellgren and Lawrence scale methods, including
joint spatial narrowing; osteophyte formation; cyst
presence within the subchondral bone; and bone margin
sclerosis [20].

2.3. Blood Collection and Biochemical
Analysis

Venous blood was aseptically obtained after an
overnight fast (between 8-10 hours). The blood samples

were centrifuged at 4,000 rpm for five minutes after which
the plasma and serum were separated and stored frozen at
-20°C until analysed. Total cholesterol, HDL-cholesterol,
triglyceride, and glucose were determined by enzymatic
methods using appropriate test kits (Dialab, Austria). The
LDL-cholesterol was calculated using the Friedewald
formula [21]. The serum homocysteine concentration was
determined using solid-phase ELISA (Melsin Medical Co.,
China).

2.4. Data Analysis

We summarised continuous variables as mean and
standard deviation and categorical variables as
percentages. The t-test or chi-square used to compare
cases and controls as needed. Unadjusted odds ratios were
reported for the association of OA with each lipid and
homocysteine. To further explore the variables for
identification of independent factors associated with OA,
forward conditional multivariate logistic regression was
used, and it resulted in four models. All the variables that
showed significant associations with OA at the bivariate
analyses were included in generating the models. We used
SPSS for Windows software (version 20) for all data
analysis, with two-sided tests. P-values < 0.05 were
considered statistically significant.

2.5. Ethical Considerations

The UI/UCH Research Ethics Committee reviewed
and approved the study protocol (approval number:
Ul / EC/16/0370). Before enrolment, written informed
consent was gotten from the participants. Voluntary
participation in the research and their right to refuse was
conveyed to the participants.

3. Results

3.1. Characteristics of Study Participants

The study population characteristics were as shown in
Table 1. The distribution of study participants in cases and
control was similar by sex, menopausal status among
women, whether diabetic and hypertensive or not.
Similarly, the mean values of age, weight, height, body
mass index (BMI), waist and hip circumferences, systolic
and diastolic blood pressure did not differ between cases
and controls. However, the mean waist-to-hip ratio in
cases was significantly higher than controls by 0.07 (95%
Cl =0.04, 0.11); p<0.001.

3.2. Mean Values and differences in Plasma
Lipids among Cases and Controls

Table 2 shows that the mean total cholesterol level was
higher in cases than controls by 1.27 mmol/L (95% CI =
0.10, 1.63); p<0.001. Also, the mean low-density
lipoprotein cholesterol (LDL-c) level in cases was
significantly higher than controls by 1.25 mmol/L (95%
Cl = 0.91, 1.58); p = 0.001 (Table 2). Other markers of
cardiovascular risk found relatively higher among cases
than controls were TC/HDL ratio, LDL/HDL ratio,
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TG/HDL ratio, lipid accumulation products (LAP), and (HDL-c), fasting plasma glucose (FPG) and homocysteine
body adiposity index (BAI) (Table 2). Conversely, the  values did not differ significantly between cases and
mean triglyceride, high-density lipoprotein cholesterol controls as shown in Table 2.

Table 1. Characteristics of study population

Characteristics Cases Controls p
Sex

Male, n (%) 4 (10.0) 4(10.0) 1.000
Female, n (%) 36 (90.0) 36 (90.0)

Mean age +SD 59.2 7.6 56.5 +8.3 0.128
Menopause

Yes 29 (80.6) 29 (80.6) 1.000
No 7(19.4) 7(19.4)

Diabetes Mellitus

Yes, n (%) 2(5.0) 1(2.5) 0.556
No, n (%) 38 (95.0) 39 (97.5)

Mean Weight (kg) 65.7 £13.2 68.4 +13.4 0.367
Mean Height (cm) 1.57 £0.7 1.58 +0.09 0.356
BMI (kg/m?) 26.945.6 27.245.1 0.749
Waist circumference (cm) 95.6+11.7 92.5+12.3 0.240
Hip circumference (cm) 100.5+10.6 104.9+£11.3 0.074
Waist-to-hip ratio 0.95+0.08 0.88+0.08 <0.001
Mean Systolic BP 128.3+14.1 130.7 +18.3 0.580
Mean Diastolic BP 82.4+9.3 84.1+114 0.469
Hypertensive

Yes, n (%) 14 (35.0) 9(22.5) 0.217
No, n (%) 26 (65.0) 31(77.5)

Table 2. Mean values of plasma lipid, glucose and homocysteine

Cardiovascular Risk Factors Cases (N=40) Controls (N=40) Mean diff. (95% CI) p

TC (mmol/dL) 4.56+0.86 3.30+0.79 1.27 (0.10, 1.63) 0.000
HDL-C (mmol/dL) 1.15+0.40 1.31+0.23 -0.16 (-0.30. -0.02) 0.300
LDL-C (mmol/dL) 2.78+0.72 1.53+0.80 1.25 (0.91, 1.58) 0.001
TG (mmol/dL) 0.98+0.09 0.98+0.11 0.02 (-0.05, 0.04) 0.843
TC-HDL-c ratio 2.05+0.34 1.8740.13 1.71(1.23,2.17) <0.001
LDL-HDL ratio 4.28+1.30 2.57+0.72 1.44 (1.03, 1.86) <0.001
TG-HDL-c ratio 2.67+1.14 1.22+0.69 0.18 (0.07, 0.30) 0.002
FPG (mmol/dL) 5.14+0.75 4.97+0.89 0.17 (-0.19, 0.53) 0.357
Homocysteine (umol/L) 10.80+8.87 9.40+2.25 1.40 (-1.48, 4.28) 0.336
LAP 36.51+13.18 29.34 £12.70 7.173 (1.41, 12.93) 0.015
Body adiposity index 33.57+7.04 24.94+6.79 8.63 (5.55, 11.71) <0.001

TC: Total cholesterol, HDL: High-Density Lipoprotein cholesterol, LDL: Low-Density Lipoprotein cholesterol, FPG: Fasting plasma glucose,
LAP — Lipid Adiposity Product

Table 3. Biophysical and risk factors among study participants

. . Cases Control Unadjusted model
Cardiovascular Risk factors
n (%) n (%) OR 95% CI p

High waist circumference (cm) 36 (90.0) 32(80.0) 2.25 0.62, 8.18 0.210
High waist-to-hip ratio 37 (92.5) 24 (60.0) 8.22 2.16, 11.27 0.001
Overweight/obese 25 (62.5) 24 (60.0) 111 0.45, 2.73 0.818
Hypertensive 14 (35.0) 9 (22.5) 1.86 (0.69, 4.97 0.217
Elevated TC 14 (35.0) 5(12.5) 3.77 1.21,11.78 0.018
Elevated LDLc 8(20.0) 1(2.5) 9.75 1.16, 32.11 0.013
Low HDL-c 18 (45.0) 2(5.0) 15.55 3.29,37.41 <0.001
Elevated Triglyceride 13 (32.5) 6 (15.0) 2.72 0.92,8.13 0.066
High TC-HDL-c ratio 22 (55.0) 5 (12.5) 8.56 2.78, 26.35 <0.001
High LDL-HDL ratio 7(17.5) 5 (12.5) 1.49 0.43,5.14 0.531
High TG-HDLc ratio 16 (40.0) 7 (17.5) 3.14 1.12,8.82 0.026
BA\I >75th percentile 28 (70.0) 10 (25.0) 7.01 2.62,18.73 <0.001
LAP >75th percentile 15 (37.5) 10 (25.0) 1.80 0.69, 4.70 0.228

TC: Total cholesterol, HDL-c: High-Density Lipoprotein cholesterol, LDL-c: Low-Density Lipoprotein cholesterol, TG: Triglyceride, FPG: Fasting
plasma glucose, BAI: Body Adiposity Index, LAP: Lipid Adiposity Product

High waist circumference: WC >102 cm for males and >88 c¢m for females

High waist-to-hip ratio: >0.90 cm for males and >0.85 cm for women.
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Table 4. Cardiovascular risk factors as predictors of osteoarthritis
B S.E. Wald df p AOR 95% ClI
Model 1 LDL-C (mmol/dL) 1.80 0.37 23.69 1 <0.001 6.03 2.93,12.43
Constant -3.91 0.87 20.28 1 <0.001 0.02
LDL-C (mmol/dL) 1.83 0.43 18.25 1 <0.001 6.21 2.69, 14.36
Model 2 BAI 0.20 0.06 11.35 1 <0.001 1.22 1.09, 1.36
Constant -9.66 2.23 18.69 1 0.001 0.00
Low HDL-C (mmol/dL) 2.23 1.01 4.85 1 0.028 9.31 1.28, 67.91
Model 3 LDL-C (mmol/dL) 1.55 0.42 13.34 1 <0.001 4.69 2.05, 10.76
BAI 0.18 0.06 10.42 1 0.001 1.20 1.07,1.34
Constant -9.17 2.14 18.40 1 <0.001 0.00
Low HDL-C (mmol/dL) 4.23 1.38 9.37 1 0.002 6.71 4.58,10.31
TC-HDL ratio -3.89 1.64 5.63 1 0.018 0.02 0.01,0.51
Model 4 LDL-C (mmol/dL) 3.03 0.87 12.06 1 0.001 5.68 3.74,11.42
BAI 0.24 0.07 11.38 1 0.001 127 1.11,1.46
Constant -13.25 3.29 16.19 1 <0.001 0.00

TC: Total cholesterol

HDL-c: High-Density Lipoprotein cholesterol,
LDL-c: Low-Density Lipoprotein cholesterol
BAI: Body Adiposity Index.

3.3. Association of Cardiovascular Risk and
Osteoarthritis

Table 3 shows the proportion of study participants who
have elevated cholesterol and increased values of potential
cardiovascular risk factors among cases and controls.
Notably, the odds of abnormal values were higher in cases
than control with respect to high waist-to-hip ratio
(OR = 8.22), elevated TC (OR = 3.77), elevated LDL-c
(OR = 9.75), low HDL-c (OR = 15.55), high TC-HDL
ratio (OR = 8.56), high TG-HDL ratio (OR = 3.14), high
BAI (OR = 7.01) and high LAP (OR = 1.80). The
conditional forward logistic regression analysis output
suggests four models as shown in Table 4. Model 4
suggests that four cardiovascular risk factors were
independently associated with osteoarthritis. These were
low HDL-c (OR= 6.71; 95% CI = 4.58, 10.31), TC-HDL
ratio (OR = 0.02; 95% ClI = 0.01, 0.51), LDL-c
(OR = 5.68; 95% CI = 3.74, 11.42) and BAI (OR = 1.27;
95% CI =1.11, 1.46).

4. Discussion

This study demonstrated high waist-to-hip ratio, total
cholesterol, LDL-c, TC-HDL-c ratio, LDL-HDL-c ratio,
TG-HDL-c ratio, lipid accumulation index and body

adiposity index but a lower level of HDL-c in OA patients.

Conversely, the observed differences in the levels of TG,
homocysteine and FPG were not significant. Overall, our
findings suggest that OA patients in Nigeria have
increased cardiovascular risk as low HDL-c, high ratio of
total cholesterol to HDL, LDL-c and index of body
adiposity. These patterns of cardiovascular risk have been
demonstrated in some studies conducted in other
populations, Caucasians [22]. To our knowledge,
information on the links between OA and cardiovascular
risks in the Nigeria population as well as sub-Saharan
Africa are scarce in the literature.

Our findings suggest that OA and high cholesterols, as
well as body adiposity, may share a common predisposition
as previously mentioned [22]. Some previous

observational studies have shown that OA and many
cardiovascular diseases share some risk factors such as
hypertension [23,24], diabetes [25], hypercholesterolemia
[26], and obesity [27,28]. The finding of
hypercholesterolaemia from our data agreed with reports
by Raham et al [29] and Singhs et al [30]. However,
Raham and colleagues [29] adopted a retrospective study
design while Singhs and colleagues [30] used a
longitudinal study design. On the other hand, our results
disagree with some previous observational studies
[31,32,33]. Two of these studies [31,33] were longitudinal
while the other one [32] is cross-sectional in design. In
particular, the Chingford study reported an association
between OA and elevated TC in males but not females
[32].

Although many studies have attempted to explain the
relationship between OA and cardiovascular risks or
diseases, the exact underlying mechanisms remained unclear.
Many explanations are possible for this relationship. The
presence of OA reduces affected person's physical
activities and exercises, thus increasing their chance of
developing cardiovascular problems including obesity.
While adjustments for body mass index had been made in
the present study, it is possible to explain this result by
uncertainty attributable to some variables such as body
circumferences. A reasonable alternative theory has also
been suggested by Sayer and colleagues [34]. In a
community-based study, Sayer and colleagues [34]
studied the relationships between weight and hand OA.
They confirmed that OA is associated with obesity and
linked it with poor fetal growth and altered “programming”
of the development of tissues.

Another explanation for the link between cardiovascular
risk factors and OA is that key pathological features,
including arterial thickening, stiffness, and atherosclerosis,
which contribute to inadequate tissue perfusion (ischemia),
are also responsible for decreasing bone cartilage nutrition
and causing multiple bone infarctions. This effect of bone
ischemia has been presented as an explanation for the
association between OA and cardiovascular disease by
many authors [34,35]. Moreover, some others have also
assumed OA to be a result of altered lipid metabolism in
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stromal-cell differentiation, thereby linking atheromatous
vascular diseases with OA [35].

In this study, the body adiposity index, which is a
component of metabolic syndrome, was an independent
predictor of OA. Like metabolic syndrome, OA is
characterized by an inflammatory vascular endothelial cell
dysfunction capable of damaging cartilage and subchondral
bones [36]. Also, it is known that obesity is associated
with excess production of pro-inflammatory cytokine
expression that can degrade enzymes and inhibit cartilage
matrix synthesis leading to osteoarthritis [36]. A recent
review of OA pathophysiology has shown that dietary
lipid and the effects of dysfunctional fat producing excess
adipokines such as leptin, resistin and visfatin increase
OA risk by inducing proinflammatory mediators [37]. The
authors also highlighted that other common metabolites
like vitamin D interact with inflammatory mediators to
impair cartilage and bone development [37].

The strength of our study lies in the fact that the
diagnosis of OA was made based on clinical and
radiologic features, which reduce the uncertainty of case
ascertainment. Also, we matched cases and controls by
sex and age. Our results were adjusted for potential
confounding variables. However, the results of this study
need to be interpreted bearing in mind the possible
limitations. Since the study design makes it impossible to
establish temporality, that is whether lipids abnormality
preceded OA or not, further genetic linkage studies may
be worthwhile to confirm if high LDL-c, low HDL-c or
high body adiposity were innately present in our study
population. Some of the information used to generate our
data was self-reported by the research participants.
This implies some potential recall bias. Nonetheless,
we made a frantic effort to guide against information bias
by cross-checking information collected against each
patient’s medical records. Finally, while our analyses
have been adjusted for many confounders, we cannot rule
out the influence of the fact that we did not gather
evidence such as co-morbidity and the effects of drugs,
including anti-inflammatory drugs and anti-hypertensive
medicines.

5. Conclusion

This study demonstrated an increased risk of
cardiovascular disease among adults with osteoarthritis in
Nigeria. Given the increasing prevalence and incidence of
osteoarthritis and cardiovascular disease among the
population of developing countries, the relationship has
clinical and public health significance. Clinicians, public
health workers and policymakers must, therefore,
emphasize routine cardiovascular risk screening and
promote active risk-factors-based investigation during
consultations and public health promotion exercises. Also,
patients with osteoarthritis need to be encouraged to pay
attention to potential cardiovascular risk factors such as
indices of adiposity.
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