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Objectives: Multimorbidity is a growing public health concern due to the increasing burden of non-communicable diseases, yet information about multimorbidity in low- and middle-income countries and migrant populations is scarce. We aimed to investigate the distribution and patterns of multimorbidity in rural and urban areas in Ghana and Ghanaian migrants in Europe.
Methods: The RODAM cross-sectional study included 4,833 participants. Multimorbidity was defined as presence of multiple non-communicable chronic conditions. Patterns were determined from frequent combination of conditions. Prevalence ratios were estimated by logistic regression.
Results: Prevalence of multimorbidity was higher in women and in urban Ghana and Europe. We observed a cardiometabolic pattern in all sites as well as circulatory-musculoskeletal and metabolic-musculoskeletal combinations in Ghana. Multimorbidity prevalence ratios were higher in Europe (men 1.47, 95% CI 1.34–1.59, women 1.18, 1.10–1.26) and urban Ghana (men 1.46, 1.31–1.59, women 1.27, 1.19–1.34).
Conclusion: Distribution and patterns of multimorbidity differed by sex and site. With a higher burden of multimorbidity in urban areas, prevention strategies should focus on forestalling its increase in rapidly growing rural areas.
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INTRODUCTION
Multimorbidity is defined as the presence of multiple chronic conditions [1]. Multimorbidity is an increasingly important public health concern due to ageing populations and the subsequent growing burden of non-communicable diseases (NCDs). Multimorbidity results in more complex care and management of patients, lower quality of life and higher mortality rates [1]. This is particularly important in low- and middle-income countries (LMICs), since many LMICs are undergoing a health and demographic transition resulting in increased burden of NCDs [2, 3]. With NCDs becoming more common, more people in LMICs are likely to suffer from multiple chronic conditions.
Previous research reported prevalence estimates of multimorbidity ranging from 3.2 to 90.5% in LMICs [4, 5], generally showing prevalence estimates comparable to those from high-income countries (HICs) [5, 6]. Commonly reported risk factors for multimorbidity include older age, female sex, low socioeconomic status, and, in the case of international migrants, longer period of stay in the host country [5, 7–12]. In addition, several studies have identified combinations of chronic conditions that often present together (i.e., specific patterns of multimorbidity), including clustering of cardiometabolic, cardiovascular and respiratory, cardiovascular and articular, and mental and articular conditions [5, 9, 10, 13–15]. Although studies on multimorbidity patterns in migrants are scarce, Diaz et al. [8] described that these were similar between Norwegian-born population and migrants in Norway, with some migrant groups presenting more pattern complexity.
Migration often entails changes in social and environmental exposures, usage of healthcare systems and raised prevalence of chronic conditions. These migration-specific factors may increase the risk of presenting multiple chronic conditions and the adverse health outcomes associated with it. Studying migration and multimorbidity is a research priority [1, 16], yet literature on this topic is scarce. To our knowledge, this is the first study to assess the distribution and patterns of multimorbidity in migrants to HICs compared to their population of origin.
Understanding the clustering of chronic conditions in similar populations in different settings will contribute to broaden the knowledge in the fields of multimorbidity and migrant health, eventually facilitating efficient management of patients presenting multiple chronic conditions.
The Research on Obesity and Diabetes among African Migrants (RODAM) Study investigates NCDs in Ghanaian born residents in Ghana and their counterparts that have migrated to Europe. Previous analyses in the RODAM Study show differences in the burden of type 2 diabetes, hypertension and cardiovascular disease (CVD) risk between sub-Saharan African migrant populations residing in different European countries and their home country compatriots [17–19]. In this paper, we explored the distribution of multimorbidity and the most frequent combinations of chronic conditions among Ghanaian residents in rural and urban areas in Ghana and migrants of Ghanaian origin in Europe.
METHODS
Study Design and Community Involvement
The RODAM Study is a cross-sectional multi-centre study carried out between 2012 and 2015. The rationale and framework of the study, as well as the recruitment of the study population, are described in detail elsewhere [20]. In short, the study included Ghanaian adults living in rural and urban areas in Ghana, and urban areas in three European locations: Amsterdam, London and Berlin. In Ghana, participants were randomly selected from a list of 30 enumeration areas in the Ashanti region. In Amsterdam, participants were randomly selected from the municipality’s registry. In London and Berlin, potential participants were identified from lists of Ghanaian organizations, from which individuals aged 25 years or older were invited to participate [20].
Community leaders were involved from early stages in the project and their endorsement was key throughout the study. They were identified through community organizations such as churches or mosques in all study sites. A community support group including community leaders and media groups was set up to discuss the protocol and recruitment strategies, and ensure these were acceptable to the community. Community leaders collaborated in setting up the research, supported a pilot for the use of validated questionnaires and relevant questions, and actively collaborated in recruitment of study subjects. The community actively contributed to the planning and dissemination of study results, which was carried out through community media outlets and organizations [20].
Study Population
Overall, 6,385 individuals agreed and participated in Ghana, London, Berlin and Amsterdam [20]. Participants who did not complete the physical examination or did not provide blood samples were excluded. For this analysis, we included participants aged 25–70 years, since not all study sites included individuals outside this age range. We excluded participants without complete data on multimorbidity (826 participants). A total of 4,833 participants were available for data analysis: 2,526 in Europe, 1,377 in urban Ghana and 990 in rural Ghana (Supplementary Figure S1).
The study was conducted according to the guidelines contained in the Declaration of Helsinki. All procedures were approved before data collection by the respective ethics committees in Ghana, the Netherlands, the United Kingdom and Germany [20]. Written informed consent from each participant was obtained prior to enrolment.
Data Collection
Data collection was conducted using questionnaires, physical examinations and laboratory measures from blood and urine samples. Data collection approaches were well-standardized: standard operating procedures and standardized tools were used in all sites, and staff received specific training. Questionnaires were used to collect information on independent variables related to demographics, socio-demographics, lifestyle and diseases status. In our analysis, we included demographic variables (study site and age), sociodemographic variables (employment status and educational level), health-related behaviour variables (current smoking status, physical activity and alcohol consumption), and variables on disease status.
Physical examinations were performed to measure anthropometric variables and blood pressure. Samples of fasting venous blood and urine were collected, frozen and subsequently shipped and analysed centrally at Charité Universitätsmedizin Berlin, Germany.
Variable Definition
Employment status was categorized into three groups: employed, unemployed (including unemployed and looking for work and students), and other (including participants unable to work, on social benefits, full-time homemakers and retired). Educational level was grouped into three categories according to the highest educational level attained: none-low (never attended school, elementary school, lower vocational or secondary schooling), intermediate (intermediate vocational, secondary or higher secondary schooling), and high (higher vocational schooling or university).
Current smoking status was classified into three categories: current, never or former smoker. Physical activity was defined as low, moderate or high according to the International Physical Activity Questionnaire scoring protocol (IPAQ) [21]. Alcohol consumption was classified in two categories according to the European Society of Cardiology Guidelines [22]: moderate or no consumption and excessive consumption.
The aim of the RODAM Study is to investigate risk factors for obesity and diabetes. Information on other conditions was also collected, allowing for assessment of multimorbidity in the RODAM primary dataset. Self-reported chronic conditions with an overall prevalence lower than 2% (including lung disease and cancer) were excluded. Blood pressure (BP) was measured three times in a sitting position after at least 5 min of rest and hypertension was defined as systolic BP ≥ 140 mm Hg, or diastolic BP ≥ 90 mmHg, or being on antihypertensive medication [18]. Obesity was defined as body mass index (BMI) ≥ 30 kg/m2. Type 2 diabetes mellitus was defined according to the World Health Organization criteria: fasting plasma glucose ≥7.0 mmol/L, current use of medication prescribed for diabetes, or self-reported diabetes [23]. Hypercholesterolemia was defined as total cholesterol level ≥5 mmol/L. Estimated glomerular filtration rate and albuminuria were used to estimate severity of chronic kidney disease according to the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) classification [24]: low, moderately increased, high and very high risk. Participants with moderately increased, high and very high risk of chronic kidney disease considered to present chronic kidney disease [25]. Current CVD (intermittent claudication, angina pectoris and possible myocardial infarction) was determined with the Rose Questionnaire [26]. Rheumatic disorders were assessed via questionnaires and included inflammatory rheumatism, chronic rheumatism or rheumatoid arthritis diagnosed by a doctor. Depressive symptoms were defined with a score of ≥10 on the Patient Health Questionnaire (PHQ-9) [27]. This questionnaire assesses if the patient has experienced these situations in the previous 2 weeks: feeling down or little pleasure in doing things, appetite and sleeping difficulties, tiredness, concentration problems, feelings of failure and self-harm, feeling restless or moving very slowly. The questionnaire in the RODAM Study further included migration-related items such as financial demands from the family in the country of origin, homesickness and difficulties adapting to the host country. Further details on the definition of study variables are provided in Supplementary Table S1.
Outcome Definition
Multimorbidity was defined as having two or more of the following chronic non-communicable conditions: hypertension, obesity, type 2 diabetes mellitus, hypercholesterolemia, CVD, chronic kidney disease, rheumatic disorders, or depressive symptoms. Multimorbidity was expressed as a dichotomous outcome: participants with two or more chronic conditions were considered to present multimorbidity. Additionally, we categorized the number of conditions to explore the distribution of multimorbidity in more detail: participants were grouped into absence of multimorbidity (i.e., having none or one condition), having two or three conditions, or presenting with four or more conditions Multimorbidity patterns were defined as combinations of two or more conditions with a prevalence of at least 5% and named according to the International Classification of Disease 11 (ICD-11) disease groups [28].
Statistical Analysis
The study population characteristics were expressed as number and percentage of participants for categorical variables and means with standard deviation (SD) for continuous variables. The prevalence of individual conditions and multimorbidity was reported as percentage of participants affected per study site. Age-standardized prevalence rates of diseases and multimorbidity were calculated using the direct method [29] with the total RODAM population as the standard population.
The percentage of participants with the four most common conditions alone or combinations of two, three or four conditions was reported and displayed in Euler diagrams per study site.
The association between geographical site on risk of multimorbidity was assessed with logistic regression analysis. Three models were built with rural Ghana as the reference study site. We used a stepwise process to estimate the effect of study site on multimorbidity while adjusting for variables that may influence the association. Model one included only study site and age; model two consisted of model one plus education level and employment status; lastly, model three included model two plus current smoking status. The results of the logistic regression were reported as prevalence ratios (PR) and 95% confidence intervals (CI). Available case analysis was used to deal with missing data. Sensitivity analysis performed after multiple imputation showed similar results to the available case analysis. All analyses were stratified by sex. RStudio version 1.0.456 [30] was used for statistical analysis and a two-sided p-value of <0.05 was considered statistically significant.
RESULTS
The characteristics of the study population are shown in Table 1. A total of 1,828 men and 3,005 women were included in the present analysis. Mean (SD) age was 46.8 (11.2) years and 45.6 (10.6) years in men and women respectively. The proportion of participants achieving a high level of education was lowest in women in rural Ghana and highest in men in Europe (21.5%), while employment was lowest in Europe and highest in rural Ghana (90.2% of women).
TABLE 1 | Baseline characteristics of the study population.
[image: Table 1]Current smoking and excessive alcohol consumption were more common in men than in women, and in Europe compared to Ghana.
The age-standardized prevalence of the individual chronic conditions by sex and study site is displayed in Figure 1, and by sex, study site and age group in Supplementary Table S2. The prevalence of hypertension, obesity and diabetes was lowest in rural Ghana and highest in Europe. The proportion of participants with hypercholesterolemia ranged from 20.9% of men in rural Ghana to 60.5% of women in urban Ghana. Prevalence of pre-existing CVD was lowest in Europe and highest in rural Ghana. Chronic kidney disease was observed in 14.0% women in urban Ghana and 10.8% of women in Europe. The proportion of participants with rheumatic disorders was lowest in Europe and highest in urban Ghana: 4.7% of women in Europe and 40.0% of women in urban Ghana had rheumatic disorders and 6.0% of European men and 39.4% of men in urban Ghana presented rheumatic disorders. The prevalence of depressive symptoms was highest in Europe and lowest in urban Ghana.
[image: Figure 1]FIGURE 1 | Age-adjusted prevalence of individual chronic conditions per site in men (A) and women (B). Abbreviations: EUR, Europe; UG, urban Ghana; RG, rural Ghana; HTN, hypertension; OB, obesity; DM, diabetes mellitus; HC, hypercholesterolemia; CVD, cardiovascular disease; CKD, chronic kidney disease; RD, rheumatic disorders; DE, depressive symptoms. Research on Obesity and Diabetes among African Migrants (RODAM) Study. Ghana, United Kingdom, Germany, Netherlands 2012–2015.
Prevalence and Patterns of Multimorbidity
The prevalence of multimorbidity was, in men and women respectively, 51.0% (95% CI 48.0%–54.0%) and 61.1% (95% CI 58.6%–63.6%) in Europe; 50.5% (95% CI 45.5%–55.5%) and 64.8% (95% CI 61.8%–67.8%) in urban Ghana; and 31.1% (95% CI 26.3%–35.8%) and 49.7% (95% CI 45.6%–53.9%) in rural Ghana. Multimorbidity was more prevalent in women than in men (Figure 2) and in participants of older age (Supplementary Table S2).
[image: Figure 2]FIGURE 2 | Age-adjusted prevalence of categorized chronic conditions counts in men (A) and women (B): 0–1 conditions (no multimorbidity), 2–3 conditions, and 4 or more conditions. Abbreviations: EUR, Europe; UG, urban Ghana; RG, rural Ghana. Research on Obesity and Diabetes among African Migrants (RODAM) Study. Ghana, United Kingdom, Germany, Netherlands 2012–2015.
For both men and women, rural Ghana had the lowest prevalence of multimorbidity: 28.6% (95% CI 24.0%–33.2%) of men and 41.2% (95% CI 37.1%–45.3%) of women presented with 2 or 3 conditions, and only 2.5% (95% CI 0.9%–4.0%) of men and 8.6% (95% CI 6.2%–10.8%) of women presented with 4 or more conditions. Prevalence estimates of multimorbidity in Europe and urban Ghana were very similar. The highest prevalence of multimorbidity was observed in urban Ghana: 40.8% (95% CI 36.0%–45.8%) of men and 48.9% (95% CI 45.7%–52%) of women had 2 or 3 conditions and 9.6% (95% CI 6.6%–12.5%) of men and 16.0% (95% CI 13.7%–18.2%) of women presented 4 or more conditions.
Figure 3 displays the percentage of participants with prevalent combinations of chronic conditions in each study site in men (Figure 3A) and women (Figure 3B). Co-existing cardio-metabolic morbidities were present in all groups except men in rural Ghana and were more common in Europe: 11.7% (10.0%–13.4%) of Ghanaian women in Europe had obesity and hypertension, and 12.5% (10.8%–14.2%) had hypercholesterolemia as well.
[image: Figure 3]FIGURE 3 | Euler diagrams displaying the percentage of participants with each chronic condition or combinations of two, three or four chronic conditions in Europe, urban Ghana and rural Ghana in men (A) and women (B). Colours represent different health conditions, abbreviated as: HTN, hypertension; OB, obesity; DM, diabetes mellitus; HC, hypercholesterolemia; CVD, cardiovascular disease; CKD, chronic kidney disease; RD, rheumatic disorders; DE, depressive symptoms. Research on Obesity and Diabetes among African Migrants (RODAM) Study. Ghana, United Kingdom, Germany, Netherlands 2012–2015.
Rheumatic disorders were often presented in combination with other conditions in Ghana. For instance, 9.1% (95% CI 6.7%–11.5%) of women and 6.0% (95% CI 3.6%–8.4%) of men in rural Ghana presented CVD and rheumatic disorders (dominance of circulatory-musculoskeletal morbidities). A metabolic-musculoskeletal combination was observed in women in urban Ghana, with 9.0% (95% CI 7.2%–10.8%) having hypercholesterolemia and rheumatic disorders, and 5.9% (95% CI 4.4%–7.4%) having hypercholesterolemia, obesity and rheumatic disorders. 5.8% (95% CI 4.4%–7.3%) of women in urban Ghana presented a cardiometabolic-musculoskeletal co-existence, including hypercholesterolemia, hypertension and rheumatic disorders. It was also in women in urban Ghana that a metabolic pattern was observed, with a prevalence of obesity and hypercholesterolemia of 8.4% (95% CI 6.7%–10.1%).
The prevalence ratio of multimorbidity was higher in Europe (PR 1.47, 95% CI 1.35–1.58 in men, and 1.20, 1.12–1.27 in women) and urban Ghana (PR 1.45, 95% CI 1.30–1.58 in men, and 1.27, 1.20–1.34 in women) in a sex and age-adjusted analysis. Further adjustment for education and employment did not alter the results. Alcohol consumption and physical activity were initially included in the third model, but eventually they were excluded as the parsimonious model had a better fit based on Akaike Information Criterion (AIC). Adjustment for current smoking status (model three) did not change the rate of multimorbidity in Europe (PR 1.47, 95% CI 1.34–1.59 in men, and 1.18, 1.10–1.26 in women) and urban Ghana (PR 1.46, 95% CI 1.31–1.59 in men, and 1.27, 1.19–1.34 in women) compared to rural Ghana (Figure 4).
[image: Figure 4]FIGURE 4 | Forest plot displaying the prevalence ratios, and 95 confidence intervals of MM in the study locations compared to the reference (rural Ghana). Abbreviations: RG, rural Ghana; UG, urban Ghana; EUR, Europe; PR, prevalence ratio. Research on Obesity and Diabetes among African Migrants (RODAM) Study. Ghana, United Kingdom, Germany, Netherlands 2012–2015.
DISCUSSION
Summary of Main Findings
The prevalence of individual chronic conditions varied per site and sex, and the prevalence of multimorbidity was higher for Ghanaian residents in urban areas (in Europe and Ghana) and lower in rural Ghana. In all study sites, multimorbidity was more prevalent in women than in men. A cardiometabolic pattern of multimorbidity was observed in all sites, while clustering of circulatory, metabolic and rheumatic disorders was observed only in Ghana. For both men and women, the rate of multimorbidity was higher for Ghanaian migrants in Europe and residents in urban Ghana compared to rural Ghana.
Prevalence of NCDs and Multimorbidity: Comparison With Existing Literature
We observed a notably higher prevalence of rheumatoid disorders in Ghana compared to Ghanaian migrants in Europe. Previous research suggests that migrants in Europe have a higher burden of rheumatic disorders compared to the host population [31], however comparisons with the origin population are lacking. Although the possibility that these differences are caused by reporting bias cannot be completely ruled out, this is unlikely since the interviewers received specific training to avoid such issues. The multimorbidity prevalence estimates in our study, particularly in urban Ghana and Europe, are slightly higher than the findings from other studies in the general adult population in several HICs [10, 32–34] and LMICs [4, 5, 35]. The higher prevalence in the current study might be explained by different characteristics of the study population and/or inclusion of different NCDs in the definition of multimorbidity, including conditions such as obesity which is highly prevalent in the Ghanaian population. The higher prevalence of multimorbidity in women is a common finding [1, 4], and it is thought to result from biological differences or social factors such as a care-seeking behaviour and income inequalities [1]. Several characteristics are often presented as determinants of multimorbidity including older age, female sex and low socioeconomic status among others. However, these characteristics are already associated with an increased risk of individual chronic conditions, and their association with multimorbidity may be explained by the increased risk of accumulated individual conditions with a shared aetiology [1]. To guide prevention efforts more efficiently, further studies should investigate specific determinants of multimorbidity and of the most common disease clusters.
Prevalence of Multimorbidity: Role of Migration and Urbanization
Ghanaian residents in Europe had a higher prevalence of multimorbidity compared to rural Ghana and similar to urban Ghana. Generally, other studies have observed a similar prevalence of multimorbidity in HICs compared to LMICs [6, 13]. Exposure to risk factors such as sedentary lifestyles, unhealthy diets and smoking are rapidly increasing in urban settings and could reflect the higher prevalence of multimorbidity observed in urban Ghanaian residents [6]. Migrants often represent a selected and healthier group of their population of origin. However, their health status may worsen over time [36], resulting with a higher prevalence of some NCDs and multimorbidity as compared to the host population [37]. The increased NCD and multimorbidity burden in migrants may arise from increased vulnerability to environmental, social, behavioural and psychosocial risks, including lifestyle changes, high-risk occupations, stress and discrimination [8]. Previous research in the RODAM Study has reported associations between duration of residence in Europe and acculturation and several risk factors [19, 38, 39]. This may partly explain the higher frequency of several non-communicable conditions in Europe compared to Ghana [17, 18] and of multimorbidity in Europe compared to rural Ghana.
Higher prevalence of cardiovascular risk factors and multimorbidity in urban areas has been observed in previous studies in Ghana and other LMICs [4, 6, 13]. Urbanization is thought to increase the risk of multimorbidity through environmental and lifestyle changes. The RODAM Study reports that the Ghanaian urban population has different dietary habits [40] and lower levels of physical activity compared to the rural Ghanaians (Table 1). Urbanization takes place at an unprecedented pace particularly in LMICs [41]. In this context, indications of increased risk of NCDs and multimorbidity in urban areas are alarming and prevention strategies need to be implemented.
Patterns of Multimorbidity
Patterns of multimorbidity were shaped by the most prevalent diseases in the study population, in concordance with other studies [9]. Previous research also reported a cardiometabolic multimorbidity pattern consisting of non-communicable conditions like diabetes, obesity and hypertension [9, 13], and a highly frequent co-occurrence of cardiometabolic and rheumatic disorders in Ghana [9, 10, 13–15]. The differential patterns of multimorbidity that we observe in Europe and Ghana might be a consequence of changes in lifestyle, environmental exposures, healthcare access and socioeconomic position linked to migration and acculturation to the host country [39, 42]. While some multimorbidity patterns may share aetiological factors, such as diabetes and CVD being influenced by diet, the aetiology is unclear and probably heterogeneous for other combinations like rheumatic and cardiometabolic disorders. Knowledge on the factors driving differential patterns of disease may contribute to the design of efficient prevention and management strategies for such multimorbidity patterns. This suggests the need to explore the risk factors of different patterns of disease, particularly for the patterns with mixed aetiology in which prevention and management are not straightforward. The divergence in multimorbidity patterns between sites also indicates that multimorbidity is a complex phenomenon, and efforts must be made to understand the frequent combinations of disease, their occurrence and complications, while considering the setting and particularities of the population.
Strengths and Limitations
The multi-centre study design of the RODAM Study includes areas in HICs where migrants live but also their populations of origin, which allows us to compare a relatively homogeneous population living in HICs and a middle-income country. This multi-centre design constitutes an important strength of the study as it provides a unique opportunity to study different settings and the effect of migration and urbanization on health. Furthermore, data collection procedures were highly standardized, ensuring comparability of the data from the five study sites.
The first limitation of the study refers to the different approaches to recruit participants in London and Berlin, which was based on Ghanaian association member lists and not on census due to different national regulations [37]. This difference in recruitment strategies, however, is unlikely to introduce bias as there were no substantial differences in the sociodemographic characteristics of the participants in locations using the census or the associations approach [17, 37, 20]. Non-respondent analysis showed that non-respondents were more often men (in all locations except for Berlin) and younger [17]. The analysis showed that although bias can never be completely ruled out in population studies, it was unlikely that the gender imbalance caused by non-response affected the NCDs prevalence estimates [17]. Another limitation of this study relates to the lack of information on some NCDs and communicable chronic conditions such as HIV or tuberculosis. The set-up of the RODAM Study allowed for the study of multimorbidity, however its cardiometabolic focus limited the range of diseases with available data. For some conditions, we had to rely on self-reported information obtained through a validated questionnaire, though generally assessment was based on laboratory measurements and medical diagnosis.
Conclusion
The study of multimorbidity explores health outcomes in a comprehensive way, and this research shows that multimorbidity occurrence and patterns are affected by migration and urban living. Care for chronic conditions can benefit from a more holistic approach, transitioning from focusing on single diseases to an integrated model that considers multimorbidity and works on prevention and management beyond an index condition. Future studies should investigate factors driving differential risks of multimorbidity to assist prevention and management efforts, particularly in urban areas and rural regions undergoing urbanization processes such as in LMICs, as well as their migrant counterparts in HICs.
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