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A B S T R A C T

Objective: To determine the association between MetS and its components with cervical cancer among women in
South-western Uganda.
Methods:We conducted an unmatched case-control study on 470 participants in a 1:2 case-to-control ratio among
women in southwestern Uganda. We recruited 157 women with cervical cancer as cases and 313 women without
cervical cancer as controls at the Mbarara Regional Referral Hospital Cervical Cancer Clinic. We assessed for
MetS using the National Cholesterol Education Programme Adult Treatment Panel III (NCEP ATP III) criteria. We
used a multivariable binary logistic regression analysis to determine the association between MetS and its
components with cervical cancer adjusted for potential confounders. We reported the adjusted odds ratios (aOR)
and 95% confidence intervals (CI).
Results: Cases were significantly older than controls: 52.4 ± 13.15 versus 41.9 ± 11.9 respectively, p < 0.001. We
found MetS was independently associated with cervical cancer (aOR 1.66; 95 % CI 1.07–2.57). Age ≥ 50 years
(aOR-2.20; 95 % CI 1.35–3.56), HIV infection (aOR 2.51, 95 % CI 1.56–4.05), increasing parity (aOR 1.16, 95 %
CI 1.06–1.26), and a lack of formal education (aOR 6.41, 95 % CI, 1.33–30.86) were also associated with cervical
cancer. However, none of the components of MetS was associated with cervical cancer.
Conclusion: In Ugandan women, MetS was associated with a higher likelihood of cervical cancer. We, therefore
recommend combined screening for MetS and cervical cancer in order to reduce morbidity and mortality from
both Mets and cervical cancer.

1. Introduction

Cervical cancer and metabolic syndrome (MetS), a group of risk
factors for cardiovascular complications and diabetes mellitus, are both
highly prevalent in resource-limited settings (Arbyn et al., 2020; Eras-
mus et al., 2012). About 500,000 new cases of cervical cancer occur in
Sub-Saharan Africa annually (Sung et al., 2021), and nearly 30 % of
women in this region now have MetS (Bowo-Ngandji et al., 2023).
Literature suggests a potential relationship exists between MetS and

cervical cancer (Ulmer et al., 2012; Penaranda et al., 2013).
Chronic infection with high-risk human papillomavirus (HPV) ac-

counts for the majority of cervical cancer cases (Walboomers et al.,
1999). Therefore, most cervical cancer control and prevention strategies
have focused on eliminating cervical HPV through HPV-based screening
and vaccination (Arbyn et al., 2020). Despite this intervention, the
global incidence of cervical cancer continues to increase. Globally,
cervical cancer cases rose from 471,000 to 604,000 annually, between
2000 and 2020, representing a nearly 30 % increase (Arbyn et al., 2020;

* Corresponding author.
E-mail address: rkajabwangu@must.ac.ug (R. Kajabwangu).

Contents lists available at ScienceDirect

Gynecologic Oncology Reports

journal homepage: www.elsevier.com/locate/gynor

https://doi.org/10.1016/j.gore.2024.101465
Received 4 June 2024; Received in revised form 10 July 2024; Accepted 16 July 2024

mailto:rkajabwangu@must.ac.ug
www.sciencedirect.com/science/journal/23525789
https://www.elsevier.com/locate/gynor
https://doi.org/10.1016/j.gore.2024.101465
https://doi.org/10.1016/j.gore.2024.101465
https://doi.org/10.1016/j.gore.2024.101465
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Gynecologic Oncology Reports 54 (2024) 101465

2

Sung et al., 2021; Parkin et al., 2001). In low and middle-income
countries (LMICs), the steady rise in incidence is partly explained by
sub-optimal preventive services (Nakalembe et al., 2020). However,
cervical cancer is still a public health challenge even in high-income
countries despite efficient preventive services, with cases exceeding
the WHO threshold of 4 per 100,000 women years (Arbyn et al., 2020;
Siegel et al., 2019). The pathogenesis of cervical cancer is complex.
Majority of the HPV infections in women do not progress to invasive
cervical cancer (de Sanjose et al., 2010; Nartey et al., 2023). There is also
a small percentage of women with cervical who test negative for HPV
infection (Fernandes et al., 2022). The complexity suggests that the risk
for cervical cancer may be influenced by other factors beyond HPV
infection thus necessitating further studies.

MetS is primarily characterized by insulin resistance followed by
chronic pro-inflammatory status and oxidative stress resistance
(Miranda et al., 2005; Ferriere et al., 2021; Silveira Rossi et al., 2022).
Chronic inflammation and oxidative stress facilitate carcinogenesis both
directly (Cowey and Hardy, 2006) and indirectly by enabling HPV
acquisition and persistence (Huang et al., 2016; Lee et al., 2021; Lee and
Lee, 2020). Studies showing the relationship between MetS and cancer
of the cervix have been conducted in resource-rich countries so there is a
lack of data in low and middle-income countries (Ulmer et al., 2012;
Penaranda et al., 2013). Therefore, this study examined the association
between MetS and its components on the risk of cervical cancer among
women utilizing cervical cancer prevention and treatment services at a
tertiary hospital in southwestern Uganda. Evidence from this study will
inform screening and control programs for MetS and cancer of the cervix
in this region to accelerate the elimination of cervical cancer as a public
health problem.

2. Materials and methods

2.1. Study design, setting, and population

We conducted an unmatched case-control study that sampled all
women seeking cervical cancer screening and treatment services at the
cervical cancer clinic of Mbarara Regional Referral Hospital (MRRH)
between April 2022 and August 2023. Cases were women with a new
histologically confirmed diagnosis of invasive cervical cancer and con-
trols were all those who screened negative for cervical cancer.

MRRH is a tertiary hospital in Southwestern Uganda serving nearly 4
million people (Uganda Ministry of Health, 2016) across 13 districts. It
also provides services to the neighbouring countries namely, Rwanda,
Burundi, Tanzania, and the Democratic Republic of Congo. The cervical
cancer screening clinic operates 5 days a week, attending to an average
of 15 women per day. Health workers at the clinic include several
nursing officers, residents, and gynaecologists, all led by a gynaecologic
oncologist. The cervical cancer screening tests at the clinic include visual
inspection with acetic acid and Lugol’s iodine, colposcopy and con-
ventional cytology. Patients with suspicious lesions for cervical cancer
undergo cervical biopsy followed by histopathological analysis for
definitive diagnosis. On average, 10 women are diagnosed with cervical
cancer per month (Kajabwangu et al., 2024). Patients with confirmed
cervical cancer are transferred to the Gynaecology ward for clinical
staging, and surgical intervention for early-stage cases (≤2A), and those
with advanced cancer are referred to the Uganda Cancer Institute at
Mulago National Referral Hospital for chemoradiotherapy. There is no
routine screening for MetS or any other metabolic risk factor.

The study was approved by the Mbarara University of Science and
Technology Research Ethics Committee (MUST-2022–576) and the
National Council for Science and Technology (HS3053ES) and Informed
consent was obtained from all the study participants.

2.2. Eligibility criteria and sampling

We included all women aged ≥ 18 years old, who sought service at

the cervical cancer screening clinic of MRRH during the study period.
We excluded women who screened positive for premalignant cervical
lesions. Cases were selected consecutively while controls were enlisted
using the risk-set (incidence density) sampling method (Navidi and
Weinhandl, 2002), with a case-to-control ratio of 1:2. The sample size
was calculated using OpenEpi (Open-source epidemiologic statistics for
public health), Version 3.01 (Dean, 2010), an online sample size
calculator. We hypothesized that MetS was associated with cervical
cancer. Based on this hypothesis, we computed that 470 participants
(157 cases and 313 controls) would be adequate for the study to achieve
80 % statistical power at a 95 % confidence level if 22.8 % of controls
hadMetS (Ben-Yacov et al., 2020) and participants with MetS were more
likely to have cervical cancer than controls with an OR of 1.82 based on
findings from a previous study (Penaranda et al., 2013).

2.3. Variables

The outcome variable was cervical cancer (diagnosed histologically)
and the primary exposure variable was MetS. The cases and controls
were assessed for MetS using the National Cholesterol Education Pro-
gramme Adult Treatment Panel III (NCEP ATP III) criteria which defines
MetS as the presence of three or more of the following criteria (Grundy
et al., 2005):

- Central obesity which was defined as waist circumference (WC)> 88
cm.

- Elevated triglycerides (≥150 mg/dl or 1.695 mmol/l).
- Low high-density lipoprotein (<50 mg/dL, equivalent to < 1.295
mmol/l).

- High blood pressure (Systolic blood pressure ≥ 130 or Diastolic
blood pressure ≥ 85 mmHg) or current antihypertensive medication
use.

- High fasting blood glucose (≥100 mg/dl or 5.6 mmol/l) or current
antihyperglycemic medication use (Grundy et al., 2005).

Additional exposure variables included the individual components of
MetS—waist circumference, blood pressure, blood sugar, high-density
lipoproteins and triglycerides plus demographic, medical, and repro-
ductive health characteristics.

2.4. Data collection

A pre-tested questionnaire in REDCap was administered by trained
research assistants who were nurses at the cervical cancer clinic. The
research assistants collected data on demographic, medical, and sexual
behaviour: age, educational level, marital status, history of diabetes and
hypertension, HIV status, age at first sexual contact, and number of
sexual partners in life. Waist circumference was measured to the nearest
0.1 cm using a measuring tape in the horizontal plane midway between
the inferior margin of the ribs and the superior border of the iliac crest,
the measurement being recorded at minimal respiration. Blood pressure
was measured after 5 min of rest, on the left arm in mmHg by the
auscultation method using a calibrated sphygmomanometer and a
stethoscope with the participant seated on a chair with her back sup-
ported, feet on the floor, arm supported, and cubital fossa at heart level.
Three readings were measured at a 5-minute interval taking the first and
fifth Korotkoff sounds as the systolic and diastolic blood pressure,
respectively. The average of the last two systolic and diastolic mea-
surements was taken as the mean systolic blood pressure and diastolic
blood pressure, respectively (James et al., 2014). The Fasting blood
sugar was measured using a glucometer after at least 8 h of fasting using
capillary blood. The blood was obtained using a finger prick.

Blood was then collected for fasting triglycerides (TG) and high-
density lipoprotein (HDL) as follows; Four millilitres (4 mL) of venous
blood were aseptically drawn from the mid-cubital vein by ven-
epuncture and collected into plain vacutainers. Each specimen was
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labelled with a unique identification number and left to clot at room
temperature for two hours. Subsequently, the specimens were trans-
ported to the laboratory, where centrifugation was performed at 1000×
g for 15 min at 2 ~ 8℃ to separate serum from blood cells. The resultant
serum was then carefully transferred into cryovial tubes using a
micropipette. Fasting TG and HDL concentrations were measured with a
fully automated analyzer (Cobas 6000 Clinical Chemistry Analyzer;
Roche Diagnostics International, Rotkreuz, Switzerland). All testing was
performed following standard operating procedures.

2.5. Data management and analysis

Study data were collected and managed using REDCap electronic
data capture tools hosted at Mbarara University of Science and Tech-
nology (Harris et al., 2009; Harris et al., 2019).

We downloaded the data from REDCap into a Microsoft Excel
spreadsheet (Microsoft Office Professional Plus 2013, version
15.0.4675.1003, Microsoft Inc, Redmond, Washington, USA) and im-
ported it into Stata version 17 (StataCorp LLC, College Station, Texas,
United States) for analysis. We summarized categorical data as fre-
quencies and proportions.

Numerical data were summarised using the mean and the standard
deviation if normally distributed and median and interquartile range
(IQR) if skewed. We tested differences in the proportions of the outcome
variable with categorical data using the Chi-square for large cell counts
(≥5) or Fisher’s exact test for smaller cell counts (<5). For mean dif-
ferences with numerical data, we used the student’s t-test for normally
distributed data or the Wilcoxon-rank sum test for skewed numerical
data. Bivariate logistic regression was performed to determine the as-
sociation of metabolic syndrome and its components without adjusting
for covariates. Variables with p-value < 0.2 at bivariate analysis and
those with biologic plausibility from the literature were considered in
multivariable binary unconditional logistic regression to determine the
association between metabolic syndrome and its individual components
and cervical cancer, adjusted for other covariates. We presented the
adjusted odd ratios (aOR) and the 95 % confidence intervals.

3. Results

3.1. Demographic, medical, and reproductive health characteristics of the
participants

We enrolled 157 cases and 313 controls. On average, the cases were
significantly older than the controls: 52.4 ± 13.15 versus 41.9 ± 11.9
respectively, p < 0.001. Compared to the controls, a higher proportion
of the cases had HIV infection, were grand-multiparous, and had had a
sexual debut at ≤ 16 years. A higher proportion of controls were single
and had attained secondary and tertiary education compared to the
cases. We found no statistically significant difference regarding the
history of medical conditions (diabetes mellitus and hypertension) and
number of sexual partners in life between the cases and controls
(Table 1).

3.2. Metabolic characteristics of the participants

A higher proportion of the cases had MetS compared to the controls
(58 % vs. 42.5 % respectively, p = 0.002). More cases had hypertension
and hyperglycaemia compared to the controls. There was no statistically
significant difference in the proportion of women with low HDL,
hypertriglyceridemia, and central obesity among the cases and controls
(Table 2).

3.3. Association between metabolic syndrome and selected co-variates
with cervical cancer

In the multivariate analysis (Table 3), MetS, age ≥ 50 years, HIV

infection, not having had formal education, and 1-unit increase in parity
(0–15) were significantly associated with cervical cancer.

3.4. Association between the individual components of MetS with cervical
cancer

In the unadjusted analysis, both hypertension and hyperglycaemia
were associated with cervical cancer. Following adjustment for the other
individual components of Mets and relevant demographic, medical and
reproductive health variables, none of the variables was statistically
significant (Table 4).

4. Discussion

We examined the relationship between MetS and its components
with cervical cancer among women in Southwestern Uganda. We found
that cervical cancer patients were more likely to have metS compared to
controls without cervical cancer. Our findings tally with those of Ulmer
et al (2012) and Peneranda et al (2013) who also found metabolic
syndrome to be associated with cervical cancer among women in Europe
and America, respectively (Ulmer et al., 2012; Penaranda et al., 2013).

Table 1
Demographic, medical, and reproductive health characteristics of the
participants.

Characteristic Level Cases Controls P-
value(n ¼

157)
(n¼ 313)

Age group (years) <50 65
(41.4)

230
(73.5)

<0.001

≥50 92
(58.6)

83 (26.5)

Mean (SD) 52.4
(13.1)

41.9
(11.9)

<0.001

Highest level of
education

None 62
(39.5)

42 (13.4) <0.001

Primary 80
(50.9)

185
(59.1)

Secondary 13 (8.3) 65 (20.8)
Tertiary/ 2 (1.3) 21 (6.7)
University

Marital status Single 5 (3.2) 9 (2.9) 0.003
Married 83

(52.9)
213
(68.0)

Separated/
divorced

34
(21.6)

57 (18.2)

Widowed 35
(22.3)

34 (10.9)

Parity 0–––1 8 (5.1) 37(11.8) <0.001
2–––4 39(24.8) 134

(42.8)
≥5 110

(70.1)
142
(45.4)

HIV infection No 94
(59.9)

217
(69.3)

0.041

Yes 63
(40.1)

96 (30.7)

Diabetes mellitus No 151
(96.2)

304
(97.1)

0.580

Yes 6 (3.8) 9 (2.9)
Hypertension No 144

(91.7)
294
(93.9)

0.37

Yes 13 (8.3) 19 (6.1)
Age at first sexual
intercourse

≥21 22
(14.0)

55 (17.6) 0.002

17–20 75
(47.8)

187
(59.7)

≤16 60
(38.2)

71 (22.7)

Number of sexual
partners in life

1 72
(45.9)

150
(47.9)

0.670

≥2 85
(54.1)

163
(52.1)
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Previous studies have reported that MetS increases the risk of breast,
colorectal, pancreatic, and endometrial cancers (Katherine Esposito
et al., 2012; Akinyemiju et al., 2022). The likely explanation for the
association between MetS and cancer of the cervix might be the chronic
inflammation and oxidative stress that characterize MetS and facilitate
carcinogenesis in cervical cancer either directly or indirectly by facili-
tating HPV acquisition and persistence (Cowey and Hardy, 2006; Huang
et al., 2016; Lee et al., 2021; Lee and Lee, 2020). Additionally, hormonal
changes like hyperinsulinemia and hyperestrogenemia resulting from
insulin resistance and increased estrogen synthesis in the excess adipose
tissue might have a compounding effect (Iyengar et al., 2016; Calle and
Kaaks, 2004). In particular, insulin and estrogen are known to induce

cellular proliferation and inhibit apoptosis thus promoting tumor
development (Kaaks and Lukanova, 2001; LeRoith and Roberts, 2003;
Iyengar et al., 2015; Yager and Davidson, 2006). The finding of an as-
sociation between MetS and cervical cancer is novel in resource-limited
settings and contributes to advancing a combined approach in the
screening and control of the two morbidities.

Our finding of a lack of association between the individual compo-
nents of Mets and cervical cancer might imply that the individual
components are not sufficient to act as risk factors for cervical cancer but
rather they provoke cervical cancer when combined. Our finding is
consistent with the results of a study conducted in the United States of
America in 2013 (Penaranda et al., 2013). Ulmer et al (2012) reported
an association between triglyceridemia and cervical cancer (Ulmer
et al., 2012). Their study, however, considered triglycerides as a linear
variable contrary to the recommended categorization by NCEP ATP III
and also did not adjust for sociodemographic, medical, and reproductive
health factors as we did in our study. Another study that found an as-
sociation between triglycerides and cervical cancer was limited by
having included a very small number of cervical cancer cases (Mwangi
et al., 2024).

The finding that advanced age (≥55 years of age), lack of formal
education, HIV infection, and increasing parity are associated with
cervical cancer is not unique as these relationships have been reported in
previous studies elsewhere (Paramita et al., 2010; Muñoz et al., 2002;
Tekalegn et al., 2022; Franceschi et al., 2009; Stelzle et al., 2021;
Bezabih et al., 2015) but not in Uganda. The association of these factors
with cervical cancer is likely linked to increased risk of HPV acquisition
and persistence in women with advanced age, those without formal
education, multiparous women and those living with HIV (Muñoz et al.,
2002; Vinodhini et al., 2012; Nang et al., 2023; Tay and Oon, 2014;
Smith et al., 2008). Therefore, there is a need to reinforce HPV-based
screening, especially in low-resource settings.

The present findings reinforce the existing literature and are
important considering that the burden of both MetS and cervical cancer
is increasing in sub-Saharan Africa (Isezuo and Ezunu, 2005; Fezeu et al.,
2007;WHO I, 2010). Importantly, our findings imply a need to revise the
current cervical cancer prevention strategies to integrate screening and
treatment for MetS.

Table 2
Metabolic characteristics of the participants.

Characteristic Level Cases Control (n
¼ 313)

P-
value(n ¼

157)

Waist
circumference

Normal 105
(66.9)

199 (63.6) 0.480

Central obesity 52
(33.1)

114 (36.4)

High-density
lipoprotein (HDL)

Normal 26
(16.6)

47 (15.0) 0.660

Low HDL 131
(83.4)

266 (85.0)

Triglyceride Normal 122
(77.7)

259 (82.7) 0.190

Hypertriglyceridemia 35
(22.3)

54 (17.3)

Blood pressure Normal 72
(45.9)

189 (60.4) 0.003

Hypertension 85
(54.1)

124 (39.6)

Blood glucose Normal 29
(18.5)

100 (31.9) 0.002

Hyperglycemia 128
(81.5)

213 (68.1)

Metabolic
Syndrome

Absent 66
(42.0)

180 (57.5) 0.002

Present 91
(58.0)

133 (42.5)

Table 3
Logistic regression analysis showing association between MetS and other factors with cervical cancer.

Characteristic Level Logistic regression analysis
Bivariate Multivariate
COR (95 % CI) P-Value AOR (95 % CI) P-value

Metabolic Syndrome Absent 1 1
Present 1.87 (1.27–2.75) 0.002 1.66(1.07–2.57) 0.021

Age category(years) <50 1 1
≥50 3.92 (2.62,5.88) <0.001 2.20 (1.35,3.56) <0.001

Education None 15.50 (3.45,69.6) <0.001 6.41(1.33,30.86) 0.020
Primary 4.54 (1.04,19.83) 0.044 2.91(0.63,13.47) 0.171
Secondary 2.1 (0.43,10.07) 0.354 1.60 (0.32,8.16) 0.565
Tertiary /University 1 1

Marital status Single 1 1
Married 0.70 (0.23, 2.154) 0.536 0.4 (0.11,1.47) 0.169
Separated/divorced 1.07 (0.33,3.47) 0.905 0.52 (0.14,1.96) 0.335
Widowed 1.85 (0.56,6.60) 0.310 0.42 (0.10,1.63) 0.209

Parity 1-unit increase 1.23 (1.15,1.33) <0.001 1.16 (1.06,1.26) 0.001
HIV infection No 1 1

Yes 2.00 (1.02,2.26) 0.042 2.51(1.56–4.05) <0.001
Diabetes mellitus No 1

Yes 1.34 (0.47,3.84) 0.583 1.36 (0.41,4.48) 0.614
Hypertension No 1

Yes 1.9 (0.67,2.91) 0.371 0.58 (0.24–1.36) 0.210
Age at first sexual intercourse (years) ≥21 1 1

17–20 1.01 (0.57,1.76) 0.993 0.53 (0.27,1.06) 0.071
≤16 2.11(1.16,3.86) 0.015 0.88 (0.42,1.84) 0.738

Sexual partners in life 1partner 1 1
≥2 partners 1.09 (0.74,1.60) 0.673 1.12 (0.67,1.84) 0.672

1) COR: unadjusted/crude odds ratio; 2) aOR: Adjusted odds ratio.
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Our study has important strengths but some limitations as well. One
strength of this study is the use of the National Cholesterol Education
Program (NCEP) Adult Treatment Panel III (2005) definition for MetS
which utilizes simple clinical assessments and laboratory tests widely
available to physicians in different settings hence ensuring replicability
(Alberti and Zimmet, 1998; Balkau and Charles, 1999; Grundy, 2002;
Zimmet et al., 2005). Cervical cancer in all cases was confirmed histo-
logically and MetS was diagnosed using meticulous clinical assessments
and standard laboratory techniques hence minimizing measurement
biases. Our study was driven by a hypothesis including the sample size
estimation hence the statistical power was adequate to detect statisti-
cally significant differences in the population.

However, we did not match the cases and controls by variables like
age and HIV infection. Consequently, the cases were older than the
controls and more of them had HIV infection compared to the controls.
These could have confounded the relationship between the MetS and
Cervical cancer. We addressed this by including these variables in the
model at multivariate analysis. Additionally, our study could not
demonstrate a temporal relationship since we did not have information
about the timing of the occurrence of metabolic syndrome in relation to
the diagnosis of cervical cancer. This being one of the initial studies to
investigate the relationship between MetS and cervical cancer in African
women, the findings might provide a benchmark for future studies that
might utilize prospective designs in order to ascertain the timing of
cervical cancer onset in women with and without MetS. We were also
not able to collect data on HPV infection, a major risk factor for HPV
infection. These limitations should be considered in the interpretation of
results.

5. Conclusions

Our study showed that MetS is a risk factor for cervical cancer among
women in Southwestern Uganda. Therefore, there is a need to put in
place measures that combine the control, screening, and treatment of
MetS and cervical cancer. For example, one option might be to integrate
screening for MetS in cervical cancer screening programs or screening
for cancer of the cervix at existing diabetes and hypertension clinics.
This would contribute to the early diagnosis and treatment of MetS and
potentially reduce the morbidity and mortality from cervical cancer.
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