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Abstract

Background
Understanding the patterns of comorbidities, defined as the co-occurrence of more than one chronic
condition, is important for planning health system capacity and response. In this study, we identified
classes of adults with cardiometabolic comorbidities and assessed the association of different
comorbidity combinations with healthcare utilization and quality of life (QoL).

Methods
Data were from the World Health Organization (WHO) study on global AGEing and adult health Wave 2
(2015) conducted in Ghana. We analysed the clustering of cardiometabolic diseases including angina,
stroke, diabetes, and hypertension with unrelated conditions such as asthma, chronic lung disease,
arthritis, cataract and depression. Healthcare utilization was measured as the frequency of outpatient
visits and hospitalization in the past 12 months. The QoL index was constructed using the WHOQoL
instrument and recorded in tertiles labelled as poor, moderate and high. The clusters of adults with
comorbidities were identified using latent class analysis (LCA). We used negative binomial regression and
ordinal logistic regression to determine the association of comorbidity combinations with healthcare
utilization and QoL.

Results
Data from 1,538 adults aged over 50 years who had used outpatient care in the 12 months preceding the
survey were analysed. LCA identified three distinct patterns of comorbidities: minimal cardiometabolic
comorbidities (72.3%), hypertension and arthritis (18.9%), and cardiopulmonary diseases, hypertension,
angina, chronic lung disease, and asthma (8.9%). Relative to the minimal comorbidity class, hypertension
and arthritis comorbidity was associated with a higher frequency of outpatient visits [β = 0.2; 95% CI 0.1
to 0.4] and hospitalization [β = 0.7; 95% CI 0.2 to 1.2]. However, cardiopulmonary comorbidity was
associated with a higher frequency of hospitalization [β = 1.1; 95% CI 0.2 to 1.9] and not outpatient visits.
Compared to the participants with minimal cardiometabolic comorbidities, the odds of moderate and
high quality of life were lower among participants with hypertension and arthritis comorbidity [aOR = 0.5;
95% CI 0.3 to 0.6] and cardiopulmonary comorbidities [aOR = 0.3; 95% CI 0.2 to 0.5].

Conclusion
Our findings show that cardiometabolic comorbidities among older persons in Ghana cluster together in
distinct patterns that differ in healthcare utilization. This evidence may be used in healthcare planning to
optimize treatment and care.
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Background
Sub-Saharan Africa is undergoing more rapid ageing than high-income countries (1). This poses potential
critical challenges for older persons, central among them is the burden of chronic diseases (2). People
living with chronic conditions often have multiple rather than a single condition, commonly referred to as
comorbidity (3). In Ghana, three in every five older persons aged above 50 years live with comorbidity (4).
Cardiometabolic diseases such as hypertension and diabetes account for the highest burden of
comorbidity in Ghana (5). Importantly, cardiometabolic diseases often coexist with other chronic diseases
with unrelated pathophysiology such as mental illnesses, chronic lung diseases and musculoskeletal
disorders (6–8). This phenomenon is referred to as discordant comorbidity (9).

The management of comorbidities is complex and demanding for healthcare systems in Ghana (10, 11).
This is because the current chronic disease management guidelines were developed when having a
single chronic disease was common and focuses on a single disease (12, 13). The recent World Health
Organization (WHO) guidelines on multimorbidity question this single-disease management approach
and highlight the need for accounting for all comorbidities when informing the patient about available
treatment options (14). However, studies conducted in Ghana show that people living with comorbidities
face several challenges such as fragmented appointments, difficulties with access to information, and a
lack of coherence or coordination of care (15, 16). Furthermore, therapeutic interventions for
comorbidities are a major challenge due to polypharmacy and poor medication adherence (17).
Integrated management of comorbidities and a shift of the treatment goals towards medical care that is
less disruptive may partly lower the treatment burden (18).

Previous studies show a positive association between the number of co-existing chronic conditions and
frequency of outpatient visits, longer hospital stays, and poor health-related quality of life (4, 19–22).
However, the comorbidity counts or indices used in the vast majority of existing studies do not provide
adequate information on specific disease clusters to guide integrated care interventions (23, 24).
Although the use of disease count is important in establishing the prevalence of comorbidity, clusters of
conditions that tend to co-occur non-randomly is more useful for clinical practice and health policy. Thus,
a deeper insight into the comorbidity burden on healthcare utilization that goes beyond counting the
number of coexisting chronic conditions is needed (25). Understanding comorbidity clusters and
healthcare utilization patterns is important for planning health system capacity and response to optimise
healthcare resources and accommodate patient needs.

The aim of this study was to identify classes of adults with cardiometabolic comorbidities and determine
the association of different comorbidity combinations with healthcare utilization and quality of life (QoL).

Methods

Study design
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The data for this study are from the WHO Study on Global AGEing and Adult Health (SAGE) Wave 2
survey conducted in Ghana in 2015 (26). The WHO SAGE aims to provide reliable evidence on the health
and well-being of older persons aged over 50 years in low and middle-income countries (27). The study
design is provided elsewhere (28). In brief, a stratified multistage cluster sampling method was used to
collect data from a nationally representative sample of adults aged 50 years and older. Detailed
descriptions of sampling methods and data collection procedures have been previously published (26).
The original study sample comprised 3,575 older persons aged over 50 years. This analysis included
participants who had used outpatient care in the 12 months preceding the survey. Participants who did
not seek outpatient care (n = 2,037) in the last 12 months were excluded. Thus, the final analytical sample
size comprised 1,538 participants.

Data collection
Data used in the current study were collected using interviewer-administered structured questionnaires
(26). Detailed information on the study tools has been published (28). Data were collected on socio-
demographic characteristics, chronic conditions, healthcare utilization and QoL. The chronic conditions
comprised cardiometabolic diseases such as angina pectoris, stroke, diabetes, and hypertension, and
unrelated conditions such as arthritis, asthma, chronic lung disease, depression, and cataracts.

Measurement and definition of variables
Outcome variable.

The outcome variables were frequency of outpatient visits, hospitalization and QoL. The frequency of
outpatient visits was measured as the number of times a participant had an outpatient visit in the
preceding 12 months while hospitalization frequency was measured as the number of overnight stays in
the hospital that lasted for at least one night, in the past 12 months. An 8-item World Health Organization
Quality of Life (WHOQOL) instrument was used to assess the QoL score (29). The WHOQOL comprises
two questions across each of the four main life domains: physical, psychological, social, and
environmental (29). Using a five-point Likert scale, ranging from very satisfied to very dissatisfied, the
respondents rated their satisfaction with life domains such as health, ability to perform daily activities
and meet basic needs, relationships, and environment. The composite score of QoL is the sum of the 8
items from the four domains expressed as a percentage. The QoL score was recorded into tertiles with
categories labelled as poor, moderate, and high.

Explanatory variables
The main explanatory variable was cardiometabolic comorbidity defined as the coexistence of at least
two cardiometabolic diseases including angina, stroke, diabetes, hypertension or a discordant
comorbidity comprising at least one cardiometabolic disease and an unrelated chronic disease such as
asthma, chronic lung disease, arthritis, cataract and depression.
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Self-reported history of diagnosis by a healthcare professional was extracted for cardiometabolic
diseases comprising angina, stroke, diabetes, hypertension and other conditions such as arthritis,
asthma, chronic lung disease, depression, and cataract. The WHO symptomatology algorithms (30–32)
were used to screen for angina pectoris, arthritis, asthma, chronic lung disease, and depression. Online
supplementary file 1 shows the details of the symptomatology algorithms. Physical measurements
comprised screening for blood pressure (BP). Hypertension was defined as systolic BP ≥ 140mmHg
and/or diastolic BP ≥ 90 mmHg and/or previous diagnosis of hypertension by a professional health care
provider and/or being on hypertensive therapy (33). Participants with a previous history of clinical
diagnosis or treatment for any of the chronic conditions by a healthcare professional but screened
negative based on the symptomatology algorithms or physical measurements were considered to have
the condition.

Other explanatory variables comprised sociodemographic and health characteristics such as sex, age,
education, employment, health insurance coverage, primary source of care (private, public, faith-
based/charity hospital) and place of residence (urban or rural).

Data analysis
Descriptive statistics comprising frequencies, means, standard deviations, and Pearson’s chi-squared
tests were used to summarize the characteristics of the study participants while accounting for sampling
weights.

Latent class analysis
Latent Class Analysis (LCA) was used to place participants in a number (K) of clinically meaningful
classes of cardiometabolic comorbidities. The number of comorbidity classes was defined a priori using
the adjusted Bayesian information criterion (BIC), a model selection method that balances fit with
parsimony (34). Five plausible LCA models were delineated, characterized by increasing numbers of
chronic disease classes from one to five (Online supplementary file 2). The model with the lowest value
of the BIC index was selected as the best-fitting model considering interpretability and clinical judgment
(34, 35). Posterior probabilities were used to determine the likelihood of class membership. Finally, the
participants were grouped into the comorbidity classes with the highest-class probability (36).

Regression analysis
We used negative binomial regression to determine the association of comorbidity combinations with
outpatient visits and hospitalization frequency. Negative binomial regression has inbuilt parameters that
account for the overdispersion problem of modelling healthcare utilization frequency (37). Since the QoL
variable assumes an increasing order (i.e., low, moderate and high), ordinal logistic regression was used
to assess the association of cardiometabolic comorbidity classes with QoL. Bivariable negative binomial
regression and ordinal regression with the frequency of outpatient visits, hospitalization, and QoL as the
outcome variables, were first fitted for each of the comorbidity classes followed by a multivariable model
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adjusting for socio-demographic characteristics namely age, sex, education, employment status, health
insurance coverage, and place of residence. Because of the clustered design of the sample, robust
variance estimates (Huber-White sandwich estimator) were used for the correction of standard errors to
adjust for the correlation among responses within the same household (38). The critical assumption of
parallel slopes was not violated in the ordinal regression model following the Brant test. The goodness of
fit of the bivariate and multivariable models were assessed using the likelihood ratio test.

All statistical analyses were carried out using Stata 17.0 (StataCorp LP, Texas, USA) and accounted for
the complex sampling design used in the WHO SAGE survey.

Results

Characteristics of participants
The sociodemographic and health characteristics of the study participants are presented in Table 1. In
total, 1,538 participants were included in the analysis. The mean age was 62.7 (standard deviation ± 
10.1) years. In general, most of the participants were women (60.2%), had no formal education (41.4%),
lived in rural areas (52.5%), sought care from public facilities (62.9%) and had health insurance cover
(53.8%). The most prevalent chronic diseases were hypertension (36.0%) and arthritis (24.1%).
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Table 1
Sociodemographic and health characteristics of the study participants

Characteristics Percent

(N = 1538)

Age, mean ± SD 62.7 ± 10.1

Sex  

  Male 39.8 [36.6, 43.0]

  Female 60.2 [57.0, 63.4]

Education  

  No formal education 41.4 [37.9, 45.0]

  Primary 25.2 [22.0, 28.8]

  Secondary 28.9 [25.6, 32.3]

  Tertiary 4.5 [3.2, 6.4]

Employment  

  Employed 77.0 [73.0, 80.5]

  Unemployed 23.0 [19.5, 27.0]

Place of residence  

  Urban 47.6 [43.9, 51.3]

  Rural 52.5 [48.7, 56.1]

The primary source of care  

  Private 17.4 (14.3, 21.0)

  Public 62.9 (59.0, 66.7)

  Faith-based 6.1 (3.9, 9.2)

  † Others 13.7 (11.5, 16.1)

Health insurance coverage  

  Yes 53.8 (49.5, 58.1)

  No 46.2 (41.9, 50.5)

Chronic diseases  

  Hypertension 36.0 [32.9, 39.2]

  Arthritis 24.1 [21.0, 27.5]
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Characteristics Percent

(N = 1538)

  Angina 11.0 [8.9, 13.4]

  Cataract 9.7 [8.2, 11.5]

  Asthma 8.0 [6.4, 10.0]

  Depression 6.4 [4.9, 8.2]

  Chronic lung disease 5.4 [4.1, 7.0]

  Diabetes 2.7 [1.9, 3.8]

  Stroke 1.4 [0.9, 2.3]

Cells are weighted percentages unless otherwise specified

† Other sources of primary care comprise local pharmacies and traditional healers.

Findings Of Latent Class Analysis
The comorbidity classes are shown in Fig. 1. We compared LCA models with 1 to 5 classes (online
supplementary file 2). The three-class model was selected as the best-fit solution. Although the 2-class
model had a slightly lower BIC index than the three-class (BIC2class = 8587.0 vs. BIC3class = 8592.6), further
inspection showed that the three-class model exhibited clearer separation between latent classes thus the
three-class model was finally selected. Class one comprised participants with minimal cardiometabolic
comorbidities (72.3%). Class two comprised participants with high ‘probabilities of hypertension and
arthritis (18.9%). Class three (cardiopulmonary diseases) comprised participants with high probabilities
of angina, chronic lung disease, asthma and hypertension (8.8%).

Frequency Of Healthcare Utilization And Quality Of Life
The patterns of healthcare utilization and QoL is presented in Table 2. In general, the participants who
visited outpatient clinics more than three times and hospitalized at least once in the previous 12 months
were mostly older, women, unemployed, lived in urban settings, sought primary care from faith-based or
charity organizations, had hypertension and arthritis comorbidity and cardiopulmonary comorbidities.
Other participants who visited outpatient clinics more than three times in the previous 12 months mostly
comprised those with tertiary-level education and health insurance coverage. QoL was lowest among
older participants, females, unemployed, those with no formal education and health insurance cover,
living in urban settings, seeking care from faith-based or charity organizations, and participants with
hypertension and arthritis comorbidity and cardiopulmonary comorbidities.
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Table 2
Healthcare utilization and quality of life (n = 1538)

Characteristic Outpatient
visits

Hospitalized Quality of life

≥ 3
times

P-
value

Yes P-
value

Low Moderate High P-
value

Age, years   0.56   0.61       < 
0.001

  50–59 22.6   5.5   28.2 27.1 44.7  

  60–69 24.9   6.3   37.2 27.2 35.6  

  70+ 25.2   7.1   59.7 20.5 19.8  

Sex                

  Male 8.5 0.09 2.1 0.39 12.8 9.5 17.4 < 
0.001

  Female 15.4   4.0   25.7 16.0 18.6  

Education   0.06   0.80        

  No formal education 20.7   5.8   50.1 24.5 25.4 < 
0.001

  Primary 24.3   7.2   39.5 23.1 37.4  

  Secondary 26.8   6.0   24.2 30.4 45.5  

  Tertiary 32.9   4.6   17.6 18.3 64.1  

Employment   0.45   0.29       < 
0.001

  Employed 23.4   5.7   35.2 27.1 37.7  

  Unemployment 25.7   7.5   49.4 20.2 30.5  

Residence   < 
0.001

  0.06       0.05

  Urban 13.9   7.5   16.9 11.5 19.2  

  Rural 10.0   4.9   21.6 14.0 16.8  

Primary source of care   0.06   0.01       0.07

  Private facility 26.8   6.2   29.9 24.9 45.2  

  Public facility 22.3   6.9   39.9 24.3 35.8  

  Faith-based/charity
hospital

37.4   10.1   41.1 32.4 26.4  
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Characteristic Outpatient
visits

Hospitalized Quality of life

≥ 3
times

P-
value

Yes P-
value

Low Moderate High P-
value

  † Others 21.7   0.9   41.6 29.0 29.4  

Health insurance cover   0.12   0.99       0.11

  Yes 25.7   6.1   35.4 26.0 38.7  

  No 21.8   6.2   42.1 25.0 32.9  

Comorbidity clusters                

  Class 1: Minimal
comorbidities

21.3 < 
0.001

5.1 0.01 30.9 28.0 41.2 < 
0.001

  Class 2: Hypertension &
arthritis

31.7   10.0   54.0 21.4 24.6  

  Class 3:
Cardiopulmonary
comorbidities

28.6   6.5   67.6 14.4 18.0  

  Total 23.9   6.2   38.5 25.5 36.0  

Cells are weighted row percentages

Other sources of primary care comprise local pharmacies and traditional healers

Cardiometabolic Comorbidity Classes And Associated Healthcare
Utilization Patterns And Qol
Figure 2 shows the association of different comorbidity combinations with healthcare utilization and
QoL. Relative to the minimal comorbidity class, hypertension and arthritis comorbidity was associated
with a higher frequency of outpatient visits [β = 0.2; 95% CI 0.1 to 0.4] and hospitalization [β = 0.7; 95% CI
0.2 to 1.2]. However, cardiopulmonary comorbidity was associated with a higher frequency of
hospitalization [β = 1.1; 95% CI 0.2 to 1.9] and not outpatient visits. Compared to the participants with
minimal cardiometabolic comorbidities, the odds of moderate and high quality of life were lower among
participants with hypertension and arthritis comorbidity [aOR = 0.5; 95% CI 0.3 to 0.6] and
cardiopulmonary comorbidities [aOR = 0.3; 95% CI 0.2 to 0.5].

Discussion
In this study, we identified classes of adults with cardiometabolic comorbidities and assessed the
association of different comorbidity combinations with healthcare utilization and QoL. Our findings show
three distinct patterns of comorbidities: minimal cardiometabolic comorbidities, hypertension and
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arthritis comorbidity, and cardiopulmonary comorbidity. Hypertension and arthritis comorbidity was
associated with a higher frequency of outpatient visits and hospitalization compared to the minimal
comorbidity cluster while cardiopulmonary comorbidity was associated with a higher frequency of
hospitalization and not outpatient visits. Participants with hypertension and arthritis and
cardiopulmonary comorbidities had poorer quality of life compared to those with minimal
cardiometabolic comorbidities.

The comorbidity clusters identified in our study are similar to those in previous studies (39, 40). A
systematic review of comorbidity patterns from 39 studies conducted in 12 countries identified
hypertension and arthritis as the most frequent comorbidity combination (40). Another study conducted
in South Africa found two distinct comorbidity clusters comprising hypertension and diabetes and
cardiopulmonary diseases such as angina, asthma and chronic lung disease (39). In our study, 72.3% of
the participants were classified under minimal comorbidity, 18.9% under hypertension and arthritis class
and 8.9% under cardiopulmonary class. The clustering of cardiopulmonary diseases such as
hypertension, angina, chronic lung disease and asthma could be partly explained by inflammation, stress
processes, hypoxia, and environmental risk factors such as air pollution and smoking (41, 42). However,
comorbidity clusters such as hypertension and arthritis without well-established pathogeneses should be
studied in the future.

Our findings show that the comorbidity patterns among older adults in Ghana are distinct with important
differences with respect to healthcare utilization and QoL. Having arthritis and hypertension was
associated with higher levels of healthcare utilization than cardiopulmonary or minimal comorbidity.
However, both arthritis and hypertension cluster and cardiopulmonary comorbidity were positively
associated with higher levels of hospitalization and poor quality of life compared to participants with
minimal comorbidities. Although these findings are consistent with previous studies conducted in low
and middle-income countries (4, 20, 22), it is important to note that the existing studies were based on
comorbidity counts without adequate information on specific disease clusters to guide primary care.
Unlike the comorbidity counts, where all morbidities are equally scored irrespective of their relationships,
our approach provides crucial insight into the burden of specific comorbidity clusters that goes beyond
counting the number of coexisting chronic conditions. Several underlying mechanisms could explain the
association of comorbidity clusters identified in our study with the frequency of healthcare utilization and
QoL. In line with previous studies (4, 43–45), there is a possibility that QoL may have deteriorated, partly
due to treatment burden including medication intake, drug management, self-monitoring, lifestyle
changes and hospitalization. However, future studies should focus on identifying the underlying causal
pathways connecting distinct cardiometabolic comorbidity clusters, healthcare utilization patterns and
QoL.

Strengths And Limitations
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This study has three main strengths. First, data are from a nationally representative population-based
survey using a standardised WHO-SAGE protocol. Thus, the findings are generalizable to the population
of persons aged 50 years and above in Ghana. Second, screening for chronic diseases was based on
objective measures comprising direct physical measurement of BP, symptomatology algorithms and self-
reports. Third, the use of LCA in the identification of distinct cardiometabolic comorbidity clusters
provides crucial insights into the patterns of non-random co-occurrence of comorbidities that goes
beyond simple counts used in the majority of previous studies.

The current study has some limitations. First, the screening questions for chronic diseases were partially
based on self-report. This may have resulted in the underestimation of the true prevalence of chronic
diseases. Second, the number of chronic diseases in the LCA was limited to those included in the SAGE
survey in Ghana. This may have excluded other common chronic conditions among older persons, such
as dementia and cancers, resulting in an underestimation of the comorbidity burden. Future studies need
to include more chronic diseases to increase the external validity. Finally, the cross-sectional design of the
data used in this analysis implies a lack of conclusions regarding the temporality or causation between
the comorbidity classes, healthcare utilization patterns and QoL. Further studies based on longitudinal
analysis need to estimate the incidence of transitions between latent classes of cardiometabolic
comorbidities and their impact on healthcare utilization patterns and QoL.

This study has two key policy implications. First, we identified distinct comorbidity combinations
comprising hypertension and arthritis and cardiopulmonary comorbidities. This may inform the design of
comorbidity treatment guidelines and primary care interventions for cardiometabolic diseases. Given that
most of the existing guidelines for the management of chronic diseases in Ghana are single-disease-
focused (13), there is a need for a policy discourse on integrated care of discordant cardiometabolic
comorbidities to enable patients to benefit from minimally disruptive care. Second, these results are
useful for identifying target populations of people living with cardiometabolic diseases at high risk of
outpatient visits, hospitalizations and poor QoL. This is important for planning service delivery capacity,
optimization of resources and health system response.

Conclusions
Our results provide insight into the cardiometabolic comorbidity clusters and the associated patterns of
healthcare utilization and QoL. The findings of this study show that cardiometabolic comorbidities
among older persons in Ghana cluster together in distinct patterns that differ in healthcare utilization and
QoL. This evidence may be used in healthcare planning and the design of appropriate clinical guidelines
for the management of cardiometabolic comorbidities. Our findings form the basis for, future research on
the aetiology and pathogenesis of discordant comorbidity clusters, and improved policies to address
healthcare access and QoL for older persons living with cardiometabolic comorbidities in sub-Saharan
Africa.

Abbreviations



Page 13/18

BIC: Bayesian Information Criterion; 

aOR: Adjusted Odds Ratio

CI: Confident Interval 

BP: Blood pressure 

LCA: Latent class analysis 

SAGE: Survey of ageing and adult health 

WHO: World Health Organization 

WHOQoL: World Health Organization Quality of Life instrument 

Declarations
Ethics approval and consent to participate  

All methods were carried out in accordance with the relevant guidelines and regulations. This study was
approved by the World Health Organization's Ethical Review Board (reference number RPC149) and the
Ethical and Protocol Review Committee, College of Health Sciences, University of Ghana, Accra, Ghana.
The respondents went through an informed consent process and their participation was voluntary and
anonymous. Written consent was provided before participation.

Consent for publication

Not required.

Availability of data and materials

Data used in the current study are publicly available on the microdata repository of the WHO
(https://apps.who.int/healthinfo/systems/surveydata/index.php/catalog).

Competing interest

The authors declare that they have no competing interest

Funding

Financial support was provided by the US National Institute on Aging through Interagency Agreements
(OGHA 04034785; YA1323-08-CN-0020;Y1-AG-1005-01) with the World Health Organization and a
Research Project Grant (R01 AG034479- 64401A1).

 Authors' contributions



Page 14/18

PO conceptualized the study, reviewed the literature, and analysed the data. GA, CW, WW, and CA made
substantive contributions to the conceptualization of the study, and data analysis and reviewed the
manuscript. All authors read and approved the final manuscript.

Acknowledgements

Not applicable

References
1. United Nations DoEaSA, Population Division,. World Population Prospects 2019. New York: United

Nations; 2019.

2. Africa AoSoS. Improving the prevention and management of multimorbidity in sub-Saharan Africa.
2020.

3. Violan C, Foguet-Boreu Q, Flores-Mateo G, Salisbury C, Blom J, Freitag M, et al. Prevalence,
determinants and patterns of multimorbidity in primary care: a systematic review of observational
studies. PloS one. 2014;9(7).

4. Arokiasamy P, Uttamacharya U, Jain K, Biritwum RB, Yawson AE, Wu F, et al. The impact of
multimorbidity on adult physical and mental health in low-and middle-income countries: what does
the study on global ageing and adult health (SAGE) reveal? BMC medicine. 2015;13(1):1-16.

5. Ekoru K, Doumatey A, Bentley AR, Chen G, Zhou J, Shriner D, et al. Type 2 diabetes complications and
comorbidity in Sub-Saharan Africans. EClinicalMedicine. 2019;16:30-41.

6. Mannino DM, Thorn D, Swensen A, Holguin F. Prevalence and outcomes of diabetes, hypertension
and cardiovascular disease in COPD. European Respiratory Journal. 2008;32(4):962-9.

7. Metra M, Zaca V, Parati G, Agostoni P, Bonadies M, Ciccone M, et al. Cardiovascular and
noncardiovascular comorbidities in patients with chronic heart failure. Journal of Cardiovascular
Medicine. 2011;12(2):76-84.

8. Scott KM. Depression, anxiety and incident cardiometabolic diseases. Current opinion in psychiatry.
2014;27(4):289-93.

9. Piette JD, Kerr EA. The impact of comorbid chronic conditions on diabetes care. Diabetes care.
2006;29(3):725-31.

10. Poitras M-E, Maltais M-E, Bestard-Denommé L, Stewart M, Fortin M. What are the effective elements
in patient-centered and multimorbidity care? A scoping review. BMC health services research.
2018;18(1):446.

11. Multimorbidity N. clinical assessment and management: Multimorbidity: assessment, prioritisation
and management of care for people with commonly occurring multimorbidity. Nice guideline NG56:
National Institute for health and care excellence. 2016.

12. de-Graft Aikins A, Boynton P, Atanga LL. Developing effective chronic disease interventions in Africa:
insights from Ghana and Cameroon. Globalization and Health. 2010;6(1):6.



Page 15/18

13. Guthrie B, Payne K, Alderson P, McMurdo ME, Mercer SW. Adapting clinical guidelines to take account
of multimorbidity. Bmj. 2012;345:e6341.

14. Mercer S, Furler J, Moffat K, Fischbacher-Smith D, Sanci L. Multimorbidity: technical series on safer
primary care: World Health Organization; 2016.

15. Abdulai MA, Marable JK, Wadus A, Asante KP. A qualitative analysis of factors influencing health-
seeking behavior of people living with HIV, hypertension and diabetes in an urban area of Ghana.
Journal of Multimorbidity and Comorbidity. 2022;12:26335565221092664.

16. Salifu RS, Hlongwana KW. Barriers and facilitators to bidirectional screening of TB-DM in Ghana:
healthcare workers’ perspectives. PLoS One. 2020;15(7):e0235914.

17. Mercer SW, Guthrie B, Furler J, Watt GC, Hart JT. Multimorbidity and the inverse care law in primary
care. British Medical Journal Publishing Group; 2012.

18. Trevena L. Minimally disruptive medicine for patients with complex multimorbidity. Australian journal
of general practice. 2018;47(4):175-9.

19. Fortin M, Lapointe L, Hudon C, Vanasse A, Ntetu AL, Maltais D. Multimorbidity and quality of life in
primary care: a systematic review. Health and Quality of life Outcomes. 2004;2(1):1-12.

20. Lee JT, Hamid F, Pati S, Atun R, Millett C. Impact of noncommunicable disease multimorbidity on
healthcare utilisation and out-of-pocket expenditures in middle-income countries: cross sectional
analysis. PLoS One. 2015;10(7):e0127199.

21. Palladino R, Tayu Lee J, Ashworth M, Triassi M, Millett C. Associations between multimorbidity,
healthcare utilisation and health status: evidence from 16 European countries. Age and ageing.
2016;45(3):431-5.

22. Sum G, Salisbury C, Koh GC-H, Atun R, Oldenburg B, McPake B, et al. Implications of multimorbidity
patterns on health care utilisation and quality of life in middle-income countries: cross-sectional
analysis. Journal of global health. 2019;9(2).

23. Diederichs C, Berger K, Bartels DB. The measurement of multiple chronic diseases—a systematic
review on existing multimorbidity indices. Journals of Gerontology Series A: Biomedical Sciences
and Medical Sciences. 2011;66(3):301-11.

24. Fabbri E, Zoli M, Gonzalez-Freire M, Salive ME, Studenski SA, Ferrucci L. Aging and multimorbidity:
new tasks, priorities, and frontiers for integrated gerontological and clinical research. Journal of the
American Medical Directors Association. 2015;16(8):640-7.

25. Marengoni A, Vetrano DL, Onder G. Target population for clinical trials on multimorbidity: is disease
count enough? Journal of the American Medical Directors Association. 2019;20(2):113-4.

26. World Health Organization. STEPS Manual, STEPS Instrument. Geneva: WHO; 2011, .

27. He W, Muenchrath MN, Kowal PR. Shades of gray: a cross-country study of health and well-being of
the older populations in SAGE countries, 2007-2010: US Department of Commerce, Economics and
Statistics Administration, US …; 2012.



Page 16/18

28. Kowal P, Chatterji S, Naidoo N, Biritwum R, Fan W, Lopez Ridaura R, et al. Data resource profile: the
World Health Organization Study on global AGEing and adult health (SAGE). International journal of
epidemiology. 2012;41(6):1639-49.

29. (WHO) WHO. WHOQoL 8-items version [Available from: https://www.who.int/tools/whoqol.

30. Kessler RC, Üstün TB. The world mental health (WMH) survey initiative version of the world health
organization (WHO) composite international diagnostic interview (CIDI). International journal of
methods in psychiatric research. 2004;13(2):93-121.

31. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression, chronic diseases, and
decrements in health: results from the World Health Surveys. The Lancet. 2007;370(9590):851-8.

32. Rose GA. The diagnosis of ischaemic heart pain and intermittent claudication in field surveys.
Bulletin of the World Health Organization. 1962;27(6):645.

33. Organization WH, Group ISoHW. 2003 World Health Organization (WHO)/International Society of
Hypertension (ISH) statement on management of hypertension. Journal of hypertension.
2003;21(11):1983-92.

34. Schwarz G. Estimating the dimension of a model. The annals of statistics. 1978:461-4.

35. Akaike H. A new look at the statistical model identification. IEEE transactions on automatic control.
1974;19(6):716-23.

36. Formann AK, Kohlmann T. Latent class analysis in medical research. Statistical methods in medical
research. 1996;5(2):179-211.

37. Le DD, Gonzalez RL, Matola JU. Modeling count data for health care utilization: an empirical study of
outpatient visits among Vietnamese older people. BMC Medical Informatics and Decision Making.
2021;21(1):1-14.

38. Rogers W. Regression standard errors in clustered samples. Stata technical bulletin. 1994;3(13).

39. Chidumwa G, Maposa I, Corso B, Minicuci N, Kowal P, Micklesfield LK, et al. Identifying co-occurrence
and clustering of chronic diseases using latent class analysis: cross-sectional findings from SAGE
South Africa Wave 2. BMJ open. 2021;11(1):e041604.

40. Violan C, Foguet-Boreu Q, Flores-Mateo G, Salisbury C, Blom J, Freitag M, et al. Prevalence,
determinants and patterns of multimorbidity in primary care: a systematic review of observational
studies. PLoS One. 2014;9(7):e102149.

41. Müllerova H, Agusti A, Erqou S, Mapel DW. Cardiovascular comorbidity in COPD: systematic literature
review. Chest. 2013;144(4):1163-78.

42. Prados-Torres A, Calderón-Larrañaga A, Hancco-Saavedra J, Poblador-Plou B, van den Akker M.
Multimorbidity patterns: a systematic review. Journal of clinical epidemiology. 2014;67(3):254-66.

43. Aoki T, Yamamoto Y, Ikenoue T, Onishi Y, Fukuhara S. Multimorbidity patterns in relation to
polypharmacy and dosage frequency: a nationwide, cross-sectional study in a Japanese population.
Scientific reports. 2018;8(1):1-8.



Page 17/18

44. Chikumbu EF, Bunn C, Kasenda S, Dube A, Phiri-Makwakwa E, Jani BD, et al. Experiences of
multimorbidity in urban and rural Malawi: An interview study of burdens of treatment and lack of
treatment. PLOS Global Public Health. 2022;2(3):e0000139.

45. Liddy C, Blazkho V, Mill K. Challenges of self-management when living with multiple chronic
conditions: systematic review of the qualitative literature. Canadian Family Physician.
2014;60(12):1123-33.

Figures

Figure 1

Latent classes of cardiometabolic comorbidities
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Figure 2

Association of cardiometabolic comorbidity combinations with healthcare utilization and QoL
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