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Introduction: Non-communicable diseases (NCDs), the leading cause of death globally, are estimated to overtake communicable diseases in sub-Sahara Africa, where healthcare workers (HCWs) play a crucial role in prevention and treatment, but are in extreme shortage, thereby increasing the burden of NCDs among this specific population. To provide evidence for policy-making, we assessed the NCD burden, associated factors and treatment among HCWs in four sub-Saharan African countries.

Materials and methods: We conducted a cross-sectional study across four sub-Saharan African countries [Côte d'Ivoire (CIV), Democratic Republic of the Congo (DRC), Madagascar (MDG), and Nigeria (NIG)] between February and December 2022. In a standardized questionnaire, sociodemographic, chronic disease and treatment data were self-reported. We estimated the prevalence of (1) at least one chronic disease, (2) hypertension, and used backward elimination logistic regression model to identify risk factors.

Results: We recruited a total of 6,848 HCWs. The prevalence of at least one chronic disease ranged between 9.7% in NIG and 20.6% in MDG, the prevalence of hypertension between 5.4% in CIV and 11.3% in MDG. At most, reported treatment rates reached 36.5%. The odds of each of both outcomes increased with age (at least one chronic disease adjusted odds ratio: CIV: 1.04; DRC: 1.09; MDG: 1.06; NIG: 1.10; hypertension: CIV: 1.10; DRC: 1.31; MDG: 1.11; NIG: 1.11) and with BMI (at least one chronic disease: CIV: 1.10; DRC: 1.07; MDG: 1.06; NIG: 1.08; hypertension: CIV: 1.10; DRC: 1.66; MDG: 1.13; NIG: 1.07). Odds of both outcomes were lower among males, except in CIV. In NIG, the odds of both outcomes were higher among medical doctors and odds of hypertension were higher among those working in secondary care. In MDG, working in secondary care increased and working as auxiliary staff decreased the odds of at least one chronic disease.

Conclusion: The prevalence of self-reported chronic disease varied across the four sub-Saharan countries with potentially very low treatment rates. We identified several individual (age, sex, and BMI) and occupational (profession, level of healthcare) factors that influence the odds of NCDs. These factors should be taken into account when developing interventions addressing the burden and management of NCDs among HCWs.

Keywords
 non-communicable diseases; sub-Sahara Africa; hypertension; diabetes; healthcare workers


Introduction

Non-communicable diseases (NCDs) are the leading cause of deaths, resulting in 41 million deaths annually and accounting for more than three-quarters of all deaths globally (1). NCDs disproportionately affect people in low- and middle-income countries, where more than 75% of global NCD deaths and 86% of premature deaths (death between 30 and 70 years) occur (1, 2). In sub-Saharan Africa, NCDs have been projected to overtake communicable, maternal, neonatal, and nutritional diseases combined as the leading cause of mortality by 2030 (3).

To tackle the burden of NCDs, the sustainable development goal (SDG) target 3.4 is set to reduce premature mortality from NCDs by one-third through prevention and treatment (4). To achieve this reduction, it is essential that patients have a good understanding of their disease and have appropriate access to effective treatment. Healthcare workers (HCWs), by educating and caring for patients, play a crucial role in the prevention and treatment of NCDs. Despite this crucial role, working as a HCW is recognized as a high-risk occupation, as HCWs face regularly physical and mental stress from work shifts, overtime, as well as pressure through provision of care under life-and-death circumstances (5). Working night shifts for example leads to a lack of time to prepare healthy meals and is linked to dyslipidemia (6). When it comes to risk behaviors, a study from Nigeria showed low physical activity levels among HCWs (7). Furthermore, HCWs in general continue to consume tobacco at high rates (8). These risk factors can be exacerbated by mental health issues. Indeed, HCWs are at higher risk for suicide (9) and mental stress per se is linked to an increased risk for mortality due to associated physical health issues (10). A systematic review synthesizing evidence on HCWs in Africa found that 49% of frontline HCWs suffered from a mental health symptom during the COVID-19 pandemic (11).

HCWs are in high demand globally, but the most severe shortage is experienced in the African region. With an average of 1.3 HCWs per 1,000 population, the African region is far below the average of 4.5 per 1,000 required for the SDGs (12) with a forecasted shortage of 6.1 million by 2030 (13). This unprecedented shortage is further exacerbated when HCWs are absent for long periods due to chronic diseases and results in excessive workload, burnout, and mental stress for the available few. Data on the health status of HCWs across the African region are scare, but indicate the need for detailed epidemiological data to address the burden of NCDs. Across sub-Saharan Africa many NCDs are rising (14), but data are hardly available on country level (3). Recent studies from Ghana, Mozambique, and Zimbabwe reported a double burden of NCDs and infectious diseases in the general population (15–17). A scoping review from 2019 found hypertension as the most commonly reported NCD followed by obesity and diabetes (18) with a prevalence range from 17.5 to 37.5% among HCWs (19). Small studies suggest that 16% of HCWs in Ghana and 37.1% in Nigeria suffer from hypertension (20, 21), whereas in South Africa, 73% of HCWs have been found to be overweight or obese (22). A study from Nigeria found, that only about 40% of hypertensive HCWs were on therapy (21), underlining the need for appropriate management of NCDs in HCWs.

In the context of constrained resources and shortage of HCWs, information about the prevalence and management of NCDs in HCWs is essential to treat and protect HCWs, to promote them as educators and role models of healthy behaviors for patients, as well as to safeguard them as an essential workforce that provides healthcare for patients, ultimately contributing to the achievement of the SDG target 3.4.

Within the framework of a larger study on the prevalence of SARS-CoV-2 and vaccine coverage in HCWs, we assessed the self-reported burden of NCDs, associated factors and their treatment among HCWs in four African countries in an attempt to provide health authorities and decision makers with the evidence to help protect HCWs.



Materials and methods


Study design and setting

Data on the prevalence of self-reported NCDs among HCWs were collected through a transnational cross-sectional multisite survey. As part of a larger study on the burden of COVID-19, data collection took place between February and December 2022 as a collaboration between the Robert Koch Institute, Berlin Germany, and four institutions in sub-Saharan partner countries: Center Hospitalier et Universitaire de Bouaké (Côte d'Ivoire), Institut National de la Recherche Biomédicale (Democratic Republic of the Congo), Laboratoire d’Analyze Médicale Malagasy (Madagascar), and Nigeria Center for Disease Control and Prevention (Nigeria).

The health systems in each country can be described as follows:

In Côte d'Ivoire, there are primary, secondary, and tertiary level facilities in the public health sector. The secondary level of care consists of district and regional hospitals. The tertiary level of care provides more specialized care and includes university hospitals. At all three levels, there are also private facilities (23).

In the Democratic Republic of the Congo, the health system of each region is structured into health zones and smaller health areas. Within each zone, there is a public healthcare facility serving as reference hospital for the zone. This could be a primary care or secondary care level (one per region). In all health areas, there is at least one public health center at the primary care level and often several private healthcare facilities.

In Madagascar, there are three tiers in the public health sector: (1) community-based primary healthcare facilities (HCFs), (2) district referral hospitals, and (3) regional referral hospitals and university hospitals. In addition, at primary and secondary level of care, there are private facilities (24).

In Nigeria, the health system has three levels of care (primary, secondary, and tertiary). At each level of care, there are both public health sector facilities and private (including faith-based organizations) facilities (25).



Sampling

In the context of a larger study, the sample size for the cross-sectional survey was calculated based on the main outcome of seroprevalence of SARS-CoV-2, estimating a seroprevalence of 50%, with a confidence level of 95% and multiplied by a design effect of 2 for multistage sampling equaling 761 HCWs.

The study population included all formally employed and informally engaged (e.g., medical and nursing students) HCWs as well as allied and auxiliary health workers, e.g., administration staff and security personnel. This inclusive approach was based on the WHO guideline (26). In this guideline, “health management and support personnel” consist of health service managers, such as administrative staff, and of services workers, such as security guards. This inclusive approach reflects the unique work environment within HCFs and gives us the possibility to assess occupational risk factors across all kinds of healthcare settings. Inclusion criteria can be summarized as the following: HCW meets the above definition; is over 18 years old and is willing and able to participate.

In Côte d'Ivoire, the study was carried out in the regions of Gbêkê, Hambol, and Cavally-Guémon. Due to logistic constraints, a total of 13 public healthcare facilities (HCFs) were purposively selected based on an ongoing collaboration with the Center Hospitalier et Universitaire of Bouaké. For every region, the selected HCFs in Gbêke represent 15% of the total workforce, in Hambol 37% and in Cavally-Guémon 45%. Within each HCF, all available HCWs were invited to participate.

In Madagascar, the Democratic Republic of the Congo, and Nigeria, we aimed for a multistage random sampling with subregions as the primary sampling unit, HCF as the secondary sampling unit and HCWs as the tertiary sampling units. However, areas that were determined unsafe (e.g., potential conflict) or inaccessible (e.g., no available road) were excluded from selection.

In the Democratic Republic of the Congo, the study was conducted in the region of Kwilu and Kwango because of scarcity of seroprevalence data in these two regions. Within each region, administrative health zones were stratified by availability of secondary care. Within selected zones, public HCFs in up to ten health areas within a radius of 20 km from the site of the main reference hospital were randomly selected. HCWs were stratified by direct/indirect patient contact and randomly selected.

In Madagascar, four regions, and within these regions, eleven districts were purposively selected. In each district, region capitals were selected as a priority, followed by district capitals, to ensure that all levels of the HCFs were represented (including those that were regional reference hospitals or university hospitals present in region capitals). In each capital, at least one HCF at the highest level of the healthcare structure was sampled whereas at the primary healthcare level, several HCFs were randomly selected from a list of healthcare structures. All personnel in each HCF were invited to participate.

In Nigeria, two states, River State and the Federal Capital Territory (FCT), were purposively selected based on the COVID-19 burden and logistical considerations such as established partnerships with local partners. In each state, local government areas (LGAs) were stratified according to those with or without a tertiary care facility and then randomly selected. HCFs in the selected LGAs were further stratified by level of care and ownership (public or private) and then randomly selected. Lastly, HCWs were selected by a simple random sampling approach.



Data collection and analysis

The questionnaire was developed with input from all participating country partners. The following steps were undertaken (1) item generation: a literature review as well as expert consultation was performed to identify potential items, (2) scale purification: the initial questionnaire was administered to a peer research group to assess clarity or refine wording, (3) validity: in collaboration with a survey design expert team and the local research team the content validity was evaluated. In accordance with Boynton et al. (27), the questionnaire was standardized across countries for the entire multisite study, meaning that every participant was asked the same question in a uniform manner. In each of the four countries, data collectors participated in a 3-day workshop to familiarize themselves with the survey questionnaire, methodology, and the software used for data collection. Consecutively, the survey was piloted for recruitment, functionality of the software, and applicability of the questionnaire in a sample of HCFs over 2 days. By following this process, we made sure that the overall standardized questionnaire could be applied across all settings.

Local interviewers were trained on basic interviewing techniques and the use of the questionnaire. The questionnaire included sociodemographic characteristics, tobacco consumption, working environment, and self-reported chronic disease and treatment.

Our main outcome variables were: (1) one or more self-reported chronic disease and (2) self-reported hypertension. We defined NCDs following the Lancet non-communicable diseases and injuries Commission (28), including conditions such as diabetes, heart disease, chronic lung disease, or cancer, but excluded sickle cell disorder as an inherited disease. If a condition reported by study participants was not named by the commission, we only included it if risk factors assessed in our study could influence this condition. We used self-reported weight and height to calculate body mass index (BMI) as weight (kg)/height (m2). Participants were classified into three groups: (1) underweight or normal weight: BMI < 25.0; (2) overweight: BMI within 25.0–29.9; or (3) obese: BMI greater than or equal to 30.0. Covariates were selected from the initial questionnaire based on medical relevance and scientific evidence (28). Regarding treatment, we asked participants if they took angiotensin-converting enzyme inhibitors, corticosteroids, non-steroidal anti-inflammatory, or anti-rheumatic drugs.

Trained interviewers administered the standardized questionnaire to each individual HCW using Open Data Kit (ODK) forms and directly entered responses on study designated tablets. Questionnaire data were stored on ODK servers (29) and data checks, cleaning and analysis were conducted including packages “dplyr” “tidyverse” (30) with the statistical software R version 4.1.2 (2021-11-01) (31), and STATA in version 17 (StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC).

Characteristics of study participants were descriptively analyzed. Prevalence estimates for each outcome were calculated by country. To identify potential risk factors associated with each outcome, logistic regression was used including a backward elimination procedure to identify regressors retained in each model. For each outcome variable, separate models were run by country. Initially included variables (sex, age, level of care, BMI, smoking, and profession) were consecutively excluded based on statistical significance, and on the Bayesian-Information-Criterion. The final model was checked for miss-specification, goodness of fit (32), multicollinearity as well as influential observations and adapted accordingly. Odds ratio, as well as adjusted Odds Ratios (AOR) and 95% confidence intervals (95% CI) were reported for each country specific model. As the sampling strategy differed by country, and a stratified random sampling design could not be systematically implemented, we applied direct statistical modeling without further stratification.



Ethical considerations

Ethics approval was received from the ethics committee of Berlin Charité (Number EA2/248/21) and from national ethics committees of each partner country (Côte d'Ivoire: 216-21/MSHPCMU/CNESVS-km, Democratic Republic of the Congo: ESP/CE/22B/2022, Madagascar: 12 MSANP/SG/AMM/CERBM, Nigeria: NHREC/01/01/2007-29/11/2021). Written informed consent was obtained from each participant prior to data collection. Only limited trained study staff had access to the data on tablets and data were (pseudo-)anonymized upon analysis.




Results


Characteristics of study participants

In total, 27,357 HCWs worked in the selected districts (Côte d'Ivoire: 3,820; Democratic Republic of the Congo: 2,540; Madagascar 5,141; Nigeria 15,846), out of which we recruited a total of 6,848 (25.0%) HCWs across the four countries (Table 1). Frequent reasons for non-response were lack of time and discomfort of sample collection The majority of the HCWs were females (60.8%, 4,162/6.848) with a median age of 37 years. Obesity combined with overweight was most prevalent in Nigeria (60.7%, 1,390/2,291), and least prevalent in Madagascar (30.2%, 848/2,804). Only 10.7% of HCWs (730/6.848) reported to currently or previously smoke.



TABLE 1 Characteristics of the study participants by country.
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Prevalence of at least one chronic disease and associated risk factors

The proportions of HCWs reporting at least one chronic (Table 1) disease by country were 9.7% (222/2291; 27/2291 reporting multiple diseases) in Nigeria, 11.8% (145/1,232; 26/1,232 reporting multiple diseases) in the Democratic Republic of the Congo, 13.5% (70/518, 11/518 reporting multiple diseases) in Côte d'Ivoire, and 20.6% (578/2,2804, 119/2,2804 reporting multiple diseases) in Madagascar. Among these HCWs, 22.3% (129/578) in Madagascar, 28.8% (64/222) in Nigeria, 30.0% (21/70) in Côte d'Ivoire and 36.5% (53/145) in Democratic Republic of the Congo reported to take medication, in terms of angiotensin-converting enzyme inhibitors, corticosteroids, non-steroidal anti-inflammatory, or anti-rheumatic drugs.

In Côte d'Ivoire, the odds of at least one chronic disease increased by 4% with every year increase in age (AOR: 1.04; 95% CI: 1.01–1.07) and by 10% with every kg/m2 unit increase in BMI (AOR: 1.10; 95% CI: 1.03–1.17) (Table 2A).



TABLE 2 Association between sociodemographic characteristics, risk factors, at least one chronic disease and hypertension in Côte d'Ivoire (A), the Democratic Republic of the Congo (B), in Madagascar (C), and in Nigeria (D).
[image: Table2]

In the Democratic Republic of the Congo, the odds of at least one chronic disease increased by 9% with every year increase in age (AOR: 1.09; 95% CI: 1.06–1.11) and by 7% with every unit increase of kg/m2 in BMI (AOR: 1.07; 95% CI: 1.01–1.14). In females, 1 year change in age had 0.96 times the effect of 1 year change in males (AOR: 0.96; 95% CI: 0.93–0.99) (Table 2B).

In Madagascar, the odds of at least one chronic disease were lower among males (AOR: 0.65; 95% CI: 0.51–0.81), and increased by 6% with every year increase in age (AOR: 1.06; 95% CI: 1.05–1.07) as well as with every kg/m2 unit increase in BMI (AOR: 1.06; 95% CI: 1.03–1.09). HCWs working in secondary level of care facilities had increased odds of at least one chronic disease (AOR: 2.26; 95% CI: 1.41–3.63) compared to HCWs working at primary hospitals and auxiliary staff had decreased odds compared to administrative staff (AOR: 0.67; 95% CI: 0.47–0.94).

In Nigeria, the odds of having at least one chronic disease increased by 10% with every year increase in age (AOR: 1.10; 95% CI: 1.08–1.12) and by 8% with every kg/m2 unit increase in BMI (AOR: 1.08; 95% CI: 1.04–1.12). Compared to administrative staff, medical doctors had increased odds of at least one chronic disease (AOR: 2.16; 95% CI: 1.20–3.89).



Prevalence of hypertension and associated risk factors

High blood pressure was the most common self-reported chronic disease across all countries [Côte d'Ivoire 5.4% (28/518), Nigeria 7.0% (161/2.291), Democratic Republic of the Congo 7.9% (97/1.232), and Madagascar 11.3% (317/2804)]; with 12.4% (12/97) (Democratic Republic of the Congo), 25.0% (7/28)(Côte d'Ivoire), 28.0% (45/161) (Nigeria), and 31.2% (99/317)(Madagascar) of affected HCWs in each country reporting to take angiotensin-converting enzyme inhibitors.

In Côte d'Ivoire, the odds of hypertension increased by 10% with every year increase in age (AOR: 1.10; 95% CI: 1.05–1.14) and every kg/m2 unit increase in BMI (AOR: 1.10; 95% CI: 1.00–1.22) (Table 2A).

In the Democratic Republic of the Congo, the odds of hypertension were lower among males (AOR: 0.31; 95% CI: 0.18–0.55), and increased by 31% with every year increase in age (AOR: 1.31; 95% CI: 1.15–1.50) as well as by 66% with every kg/m2 unit increase in BMI (AOR: 1.66; 95% CI: 1.27–2.18) (Table 2B).

In Madagascar, the odds of hypertension were lower among males (AOR: 0.53; 95% CI: 0.40–0.71), increased by 11% with every year increase in age (AOR: 1.11; 95% CI: 1.10–1.12) and by 13% with every kg/m2 unit increase in BMI (AOR: 1.13; 95% CI: 1.09–1.17) (Table 2C).

In Nigeria, the odds of hypertension were lower among males (AOR: 0.62; 95% CI: 0.40–0.97), increased by 11% with every year increase in age (AOR: 1.11; 95% CI: 1.08–1.13) and by 7% with every kg/m2 unit increase in BMI (AOR: 1.07; 95% CI: 1.03–1.12) (Table 2D). Medical doctors showed increased odds of hypertension (AOR: 2.16; 95% CI: 1.06–4.41) compared to administrative staff. Overall as well, HCWs working at secondary level compared to HCWs working at primary level of care similarly had increased odds of hypertension (AOR: 1.99; 95% CI: 1.00–3.60).




Discussion

In this multisite cross-sectional survey in Côte d'Ivoire, Democratic Republic of the Congo, Madagascar, and Nigeria, we found alarming prevalence estimates of potentially untreated chronic diseases among HCWs, with hypertension being the most prevalent condition. The prevalence of self-reported hypertension and at least one chronic disease varied across these countries, with HCWs in Madagascar reporting the highest figures for both outcomes. Overall, older age and higher BMI increased the odds of self-reported hypertension and chronic diseases across all countries. For public health planning, knowledge about the risk profile and more specifically knowledge about individual and occupational risk factors is crucial.

Our study adds evidence to the broader discourse on the dual burden of communicable and non-communicable diseases in low-income countries. In addition to studies from Ghana, Mozambique, and Zimbabwe, we found a considerable prevalence of NCDs in four other sub-Saharan Africa countries underlining the current epidemiological transition and the need to encompass NCDs in these settings (15–17).

The self-reported prevalence of hypertension among HCWs in the present study is lower than previously reported for HCWs in West Africa (19). Under-diagnosis of chronic conditions is a well-known and highly prevalent phenomenon. A nationally representative study in the United States, found that less than one third of people with hypertension are aware of their condition (33). Considering this low level of awareness and at the same time the high level of health care in the United States, we can only imagine that this iceberg phenomenon is even more pronounced in the African setting. Applying this phenomenon to our context, self-reported rates potentially only reflect one third of the real prevalence. Under-diagnosis ultimately leads to under-treatment. In the current study, less than one third of HCWs suffering from hypertension took angiotensin-converting enzyme inhibitors. This potential undertreatment could lead to important implications for public health planning, as NCDs are the leading cause of deaths with devasting consequences in general, and hypertension causing stroke, heart attack, and renal failure (34).

In our study, age was associated with any chronic disease and hypertension across all study sites. Age is a well-known risk factor for the development of any NCD, not only because the prevalence of behavioral risk factors, such as insufficient physical activity and hyperlipidemia increases with age (35) but also because of biological risk factors, such as dyslipidemia (36). Population growth and aging can even partly explain the increase in the proportion of total disability-adjusted life years (DALYs) attributable to NCDs within the “Global Burden of Disease Study” (14).

In addition to age as a risk factor for NCDs, in our study, female gender was also found to be a risk factor. The relation between gender and the development of NCDs is still not clearly understood. While there are studies that confirm male gender as a risk factor in sub-Saharan Africa (19, 37–40), women often face limited access to healthcare and at the same time experience higher exposure to other NCD risk factors due to gender norms and intersecting determinants such as education (41). In addition, there is a known gender gap in self-reported health, as women across the globe more frequently report poorer health (42). This potential mix between biological factors, as well as societal factors underlines the need for gender-specific research, preventive measures, and management for HCWs in the study locations.

Apart from non-modifiable risk factors such as age and sex, BMI was found to be significantly associated with self-reported hypertension and chronic disease across all study sites. BMI is a known risk factor also from other settings, to which death and DALYs from NCDs can be largely attributed (43, 44). HCWs in Africa are prone to the increasing “obesogenic” environment that is attributable to less physical activity and increasing consumption of calorie-dense foods, especially in urban areas (19). Cultural practices and perception of beauty in some African areas also could promote obesity among female HCWs. For example, “fattening room” is commonly practiced in Nigeria, which increase obesity and consequently the risk of diabetes (45).

In terms of occupational risk factors, the current study found medical doctors and HCWs working at secondary level to have higher odds of reporting NCDs. Contrarily, auxiliary workers showed lower odds of suffering from any NCDs. These odds might be influenced by the socioeconomic position. A recent systematic review by the World Health Organization reported that socioeconomic positions affects behavioral risk factors in low-income and lower-middle-income countries. These behavioral risk factors in higher socioeconomic groups can translate in less physically activity and increased consumption of fat, salt and processed food (46). A study from Ghana confirms tertiary education and private employment as risk factors for NCDs (15). However, evidence was not conclusive, as lower socioeconomic status was also associated with higher prevalence of tobacco and alcohol use (46).

In addition, medical doctors are an extremely scarce workforce in the study settings, leading to high levels of stress. Not only during the COVID-19 pandemic, when high levels of burnout were reported (47). These high levels of stress can in turn also influence the risk of NCD development (48). In settings where health system capacity and HCWs are already scarce, HCW absenteeism from work due to chronic diseases could have a large impact on health system resilience. Given that the wellbeing of HCWs has direct impact on the health of the general population, this shortage of HCWs can potentially delay the global attainment of the SDGs. Targeted interventions for early screening of NCDs and reduction of burden among HCWs in the study countries are therefore urgently needed. However, achieving this will depend on improving HCWs’ access to NCD screening tools and diagnostics in addition to appropriate treatment, with special focus on the vulnerable groups such as older women. The way forward could involve health education of HCWs, health checkups at the workplace, as well as administrative decisions to improve the safety of hospital environments (49).

Providing evidence to help protect HCWs, our study emphasizes the need for a comprehensive socio-cultural approach for developing and implementing interventions to address gaps in knowledge and health seeking behaviors as well as the promotion of NCD screening in the context of occupational and health promotion services for HCW. This approach can inform policy instruments and national programs for managing occupational health and safety of health workers, that currently 169 WHO member states lack.


Strengths and limitation

Our study contributed to the scant literature on NCDs among HCWs in sub-Saharan Africa, with generalizability of the findings particularly enhanced by the large sample size from the four included countries. However, the study has some limitations. Our data were collected in a larger study to assess the seroprevalence of SARS-CoV-2 and vaccine effectiveness. Therefore, the design of the study was not tailored to assess NCDs, and tools such as the WHO STEPwise approach or other standardized NCD surveillance tools were not utilized (50). We collected self-reported sociodemographic data, basic medical history information, and risk behaviors, including tobacco use, but not data on factors such as diet or physical activity, socioeconomic status and anthropometric indicators (e.g., waist circumference) or laboratory indicators (e.g., plasma glucose). Unlike the objective screening of hypertension and other chronic diseases on a regular basis, our self-reported outcome of NCDs and factors such as weight and height to determine BMI are subject to recall and social desirability bias. The data reported on treatment is limited to medications that were discussed to influence the susceptibility or severity of COVID-19 and is therefore not including all first-line treatments for hypertension nor all other NCDs. Our questionnaire was not specifically tested for validity or reliability. In order to limit the impact on its reliability, we tested the questionnaire for comprehension, piloted in a sub-sample and trained healthcare personnel across all study sites. The initially planned stratified multi-stage random sampling had to be adapted due to logistical and security concerns in each of the countries, leading to different strategies across countries, which we did not account for in the analysis. Numbers for HCWs working in every HCF were not available across all study sites, therefore, the strobe diagram cannot be fully described, but sampling fractions based on district level can be provided, whereby numbers for private healthcare facilities had to be projected in Madagascar and Nigeria. The logistic model on any chronic disease in the Democratic Republic of the Congo shows some level of misspecification in the linktest. However, applying the probit regression, as an equivalent for practical purposes (51), this is no longer the case. For consistency, odds ratios of the logit model are displayed for the Democratic Republic of the Congo. Lastly, our analysis loses some strength due to the fact that given the heterogeneity of data, no model was run including multi-site data.



Conclusion

The prevalence of at least one self-reported chronic disease or hypertension among HCWs varied across Côte d'Ivoire, the Democratic Republic of the Congo, Madagascar, and Nigeria with less than 37% HCWs reported being on treatment for both conditions. Hypertension, when not controlled can have devasting consequences such as stroke, heart attack, and renal failure (34). These findings call for increased awareness and underline the importance of addressing these needs among HCWs—one of the main building blocks of the health systems. Moreover, the uncontrolled burden of hypertension and NCDs in general will pose major challenges to the health system. Sub-Saharan African countries need to prioritize the diagnosis of chronic disease, including hypertension and the management of these conditions through appropriate treatment. We identified several individual (age, sex, and BMI), as well as occupational (profession and level of healthcare) factors that significantly influenced the odds of NCDs. These factors should be considered in a comprehensive socio-cultural approach for developing and implementing interventions targeting NCDs among HCWs, particularly in national health plans to counteract the current and rising burden of untreated NCDs across sub-Saharan Africa.
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(n=6,848) (n=518) (n=1,232) (n=2,804) (n=2,291)
Frequency (%) Frequency (%) Frequency (%) Frequency (%) Frequency (%)
Sex
Female 4162 (60.8) 302(58.3) 633 (51.4) 1722 (61.4) 1,505 (65.7)
Male 2681 (39.2) 216 (41.7) 599 (48.6) 1,082 (38.6) 784 (34.2)
Missing 5(0.1) 0 0 0 5(02)
Age
Median (IQR) 37(29-45) 34(28-42) 40(32-50) 34 (27-45) 38 (31-45)
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DRC, Democratic Republic of Congo; BMI, Body mass index; IQR, Interquartile range; NA, Not applicable; NR, Not reported.
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1.06-1.07

1.22-3.07

1.20-283

132-322

0.69-1.66

1.10-1.16

0.75-1.27

0.84-167

0.44-0.72

0.64-1.79

0.38-0.71

Logistic
Regression
results*
(N=1.125)

AOR 95% CI Yes

(Row %)

Reported history
of hypertension

No
(Row %)

OR

Bivariate
analysis

95% CI

Ref. 61096) | 572(04)  Ref
3.04 0.6-154 36 (6.0) 563 (94.0) 060 039-0.92
1.09 1.06-1.11 | 49.5(42-60) 39 (31-49) 1.06 1.04-1.07
20(5.2) 365 (94.8) Ref.
63(9.7) 590 (90.4) 195 1.16-3.28
14(7.2) 180 (92.8) 142 0.70-2.88
1.07 101-1.14 | 245%3.7 232434 L1 1.04-1.18
0.96 0.93-0.99
88 (8.4) 957 (91.6) Ref.
9(5.1) 169 (94.9) 058 029-1.17
10(11.9) 74 (88.1) Ref.
6(8.6) 64(91.4) 069  0.24-2.01
54(7.3) 691 (92.7) 058  028-1.18
16 (9.1) 159 (90.9) 074 | 032-1.72
11(7.0) 147 (93.0) 055 0.22-1.36
ions were dropped.

Logistic
Regression
results’
(N =1.910)
AOR  95% Yes
Cl  (Row %)
Ref. 225 (13.1)
065 051-081  92(85)
106 1.05-1.07 50 (41-56)
Ref. 18(9.1)
158 096-260 60 (14.9)
152 096-240 112(132)
226 141-363  66(125)
113 070-181  61(75)
106 103-109 251£34
272(11.3)
42(10.6)
Ref. 73(18.1)
105 071-154 45018.4)
087 065-115  131(8.6)
148 083-259  13(153)
067 047-094  54(10.4)

Reported history
of hypertension

No
(Row %)
1497 (869)  Ref.
90(915) | 062
2(7-42) 111
180(909)  Ref.
3350 176
78568 153
464(87.6) 143
758(9026) 081
2734 119
2127 (887)  Ref
355(894) | 093
30819 Ref.
199(816) 102
1402(915) 042
72(847) | 082
1466(896) | 052

Bivariate
analysis

95% Cl

0.48-0.80

109-1.12

101-307
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083-248
0.47-1.40

115-124

0.66-1.30

068154
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Regression
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(N=1.120)
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Regression
results”
(N =2.756)

AOR  95%

Ref.
053
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@l

0.40-0.71

110-1.12
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AOR, Adjusted Odds ratio, C1, Confidence interval; ‘Coefficient only displayed for variables kept in final model. *No influential observations were dropped. "No influential

observations were dropped.

Covariates

Female
Male
Age (median, IQR)
Level or type of care

Primary non-

hospital
Private
Secondary
Tertiary

BMI (mean £ SD)

Smoking
Never smoked
Current/past
smoker

Profession

Adn
staff

Medical doctor

Paramedics

higher educ.

Paramedics lower

educ.

Auiliary staff

Reported history
of any diagnosed
chronic disease

Yes
(Row %)

No
(Row %)

154(102) 1,351 (89.8)
68(8.7) | 716(913)
7(39-53) | 37 (31-44)
33(84) | 359(916)
20(40) | 480(96.0)
71(132) | 467 (868)
94(119) | 697 (88.1)
288£50  268+46
209(9.7) | 1,952(903)
103004) 1197
37(34) | 405(916)
30175 | 141(825)
71(10.6) | 598(89.4)
1604) | 442(906)
25(63) | 373(937)
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analysis

Ref.
083
109

Ref.

045
165
147

110

Ref.

1.00

Ref.

233

130

L14

073

95% Cl

062-112

108111

026-0.80

107-2.56

097-223

106-1.13

053-1.89

139-391

086-1.97

072-1.79

043-1.24

Logistic
Regression
results”
(N=1,969)
AOR  95% Yes
Cl (Row %)
12(7.4)
49 (6.3)
110 108112 48(42-54)
2(56)
12(24)
59 (11.0)
65(8.2)
108 104-112 29.4%48
152(7.0)
7(6.1)
Ref. 2761
216 120-389 20(117)
107 0.67-173 50(7.5)
132 080-219  38(7.8)
087 049157 18(45)

Reported history
of hypertension

No
(Row %)

1393(926)  Ref.
735(938) 083
37(31-44) 111
370(944) | Ref.
488(97.6) 041
476 (89.0) 208
726(918) 101
268546 112
2,009(93.0)  Ref.
107(939)  0.86
415(93.9) | Ref.
151(88.3) 204
619(925) 124
450(922) | 130
380(955) 073

Bivariate
analysis

95% Cl

059-1.17

109-1.13

020-0.85
125-3.46
091-248

108-1.16

0.40-1.89

111-3.74

0.76-2.02

0.78-2.16

039-1.34

Logistic
Regression
results'
(N=1,904)

AOR  95%

Ref.
062

111

Ref.

071
199
141

107

Ref.

216

098

168

108

Cl

0.40-0.97

108-1.13

032155

110-3.60

079-253

103112

106-4.41

055-1.74

092-3.04

055-2.11

AOR, Adjusted odds ratios CI, Confidence interval; ‘Coeffcient only displayed for variables kept in final model. *Five influential observations were dropped. “One influential

observations were dropped.
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