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Abstract
Introduction  Non-communicable diseases (NCDs) are a public health challenge in Zambia. This is driven by 
economic transitions, urbanization, and lifestyle changes. This study examines how NCDs cluster and relate to 
socioeconomic factors such as education, income, and employment.

Methodology  Using data from the 2017 Zambia WHO STEPS survey (N = 4,302 adults, mean age: 36.57 years), 
Latent Class Analysis identified NCD risk profiles, and multinomial logistic regression assessed their associations with 
socioeconomic determinants.

Results  Three NCD risk groups emerged: Low-Risk (12.0%), Intermediate-Risk (64.3%), and High-Risk (23.7%). The 
Low-Risk group maintained healthy lifestyles. The Intermediate-Risk group, the most prevalent, showed borderline 
metabolic indicators and occasional unhealthy behaviours. The High-Risk group exhibited multiple risk factors, 
including obesity, hypertension, diabetes, and substance use. Males had 22.8 times higher odds of being in the High-
Risk group than females. Surprisingly, higher education increased the odds of being in the Moderate- and High-Risk 
groups.

Conclusion  NCD prevention in Zambia requires risk-stratified strategies: primary prevention for Intermediate-
Risk groups and intensive intervention for High-Risk populations. Critical policy actions include taxing tobacco, 
alcohol, and unhealthy foods; expanding universal screening; integrating NCD care into primary health systems; and 
addressing urbanization, cultural practices, and healthcare disparities.
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Introduction
Non-communicable diseases (NCDs) account for 
approximately 70% of deaths globally, making them the 
primary cause of mortality worldwide [1]. Recogniz-
ing the growing burden of NCDs, Sustainable Develop-
ment Goal (SDG) 3.4 aims to reduce premature mortality 
from NCDs by one-third by 2030 [2]. However, achieving 
this target is becoming increasingly challenging as sub-
Saharan Africa (SSA) undergoes a rapid epidemiological 
transition, characterized by a rising burden of NCDs [3]. 
NCDs pose a significant threat to sustainable develop-
ment and health equity globally, with a disproportionate 
burden in SSA. Additionally, WHO projections indicate a 
10% increase in NCD-related mortality in low and mid-
dle-income countries (LMICs) between 2015 and 2030 
[4]. These projections suggest that SSA will experience 
one of the largest surges in NCD-related mortality by 
2030 unless urgent policy and public health interventions 
are implemented.

Zambia is no exception to the global trend of increas-
ing NCDs, with cardiovascular diseases, diabetes, 
chronic respiratory diseases, and cancers becoming 
increasingly prevalent. Musonda et al., 2024 estimated 
that nearly one-third of overall deaths reported in Zam-
bia was attributed to NCDs [5]. The primary behavioural 
and metabolic risk factors for NCDs—including tobacco 
use, harmful alcohol consumption, unhealthy diet, physi-
cal inactivity, obesity, hypertension, hyperglycaemia, and 
dyslipidaemia—may be socially patterned [6, 7]. Evidence 
suggests that socioeconomic position plays a critical 
role in shaping the burden of behavioural risk factors for 
NCDs, particularly in LMICs [6, 8, 9]. These behavioural 
and metabolic risk factors reflect broader structural 
inequalities, emphasizing the need for an equity-focused 
approach to NCD prevention and control.

Like many countries in SSA, Zambia is undergoing 
nutrition and lifestyle transitions, compounded by eco-
nomic restructuring, urbanization, and environmental 
changes [10]. These transitions are reshaping health risk 
profiles and fuelling clustering of multiple NCD risk fac-
tors within certain population groups based on age, sex 
etc. While existing research often analyses these risk fac-
tors individually, emerging evidence suggests that NCD 
risk factors frequently co-occur, forming distinct multi-
risk profiles that are strongly shaped by social determi-
nants [11]. Understanding these risk clusters and their 
socioeconomic drivers is crucial for designing targeted 
prevention strategies that address both individual behav-
iours and their underlying structural determinants [7].

This study aims to fill this gap by analysing nationally 
representative data from the 2017 Zambia WHO STEPS 
survey to: (1) Identify distinct clusters of NCD risk fac-
tors among adults in Zambia, and (2) Examine how 
these clusters relate to key socioeconomic determinants, 

including education, income, and employment. By adopt-
ing a social determinants lens and moving beyond single 
risk factor analyses, this study contributes new evidence 
on the social patterning of NCD risks in Zambia.

Unlike notable studies such as [12], which quantify 
NCD risk factors through a simple count of individual 
risk factors, this study employs latent class analysis (LCA) 
to identify distinct clusters of risk accumulation. This 
approach provides a more nuanced understanding of how 
behavioural and metabolic risk factors co-occur within 
specific subpopulations. By detecting hidden patterns in 
risk factor aggregation, this approach enables targeted 
interventions for groups at different stages of NCD risk 
accumulation, rather than assuming all individuals with 
multiple risk factors share similar health trajectories or 
intervention needs. The findings will provide insights to 
inform SDG-aligned policies that promote health equity 
and sustainable development in the country.

Conceptual framework for examining NCD risk clusters and 
socioeconomic determinant
This study adopts the social determinants of health (SDH) 
framework, which emphasizes that health outcomes are 
influenced by economic, social, and environmental fac-
tors beyond medical care [13]. Several conceptual mod-
els and frameworks have been developed to explain and 
address SDH. These models help in understanding the 
mechanisms and causal pathways through which SDH 
affect health inequalities [14]. The WHO model further 
highlights how structural and intermediary determinants 
contribute to health inequalities, providing a basis for 
policy interventions to reduce these disparities [15, 16].

The SDH framework is integrated with the epidemio-
logical transition theory to understand how socioeco-
nomic position (age, education, income, employment) 
shapes NCD risk accumulation. In Zambia, higher socio-
economic status (SES) is often associated with greater 
exposure to processed foods, sedentary lifestyles, and 
urbanization, leading to higher NCD prevalence among 
wealthier groups. Over time, as economies develop, this 
burden shifts toward lower-income populations, mirror-
ing trends observed in high-income countries (HICs). 
Through latent class analysis (LCA), this study identifies 
distinct NCD risk clusters and examines how socioeco-
nomic determinants influence risk accumulation.

Building on this framework, in Fig.  1, we hypothesize 
that education level, employment status, and income 
level have direct associations with behavioral and meta-
bolic risk factors, operating through intermediate lifestyle 
and metabolic mechanisms. Individuals with lower SES 
may experience greater exposure to unhealthy behaviors, 
such as poor diet, physical inactivity, and substance use, 
due to limited access to health resources, food insecurity, 
or occupational constraints. Similarly, metabolic risks 
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including obesity, hypertension, diabetes, and elevated 
cholesterol, are expected to vary by socioeconomic posi-
tion, reflecting disparities in healthcare access, stress-
related physiological responses, and long-term lifestyle 
behaviors. These behavioral and metabolic risks interact 
to form latent NCD risk clusters, categorized as healthy, 
intermediate risk, and high risk, capturing patterns of 
risk accumulation within the population.

Individuals in the healthy group exhibit minimal or 
no risk factors for non-communicable diseases (NCDs), 
maintaining a balanced diet, engaging in regular physi-
cal activity, and avoiding tobacco use and harmful alco-
hol consumption. They present with normal body weight, 
optimal blood pressure, and healthy glucose and lipid 
profiles, benefiting from preventive healthcare and low 
exposure to chronic stressors. The intermediate risk 
group includes individuals with moderate accumulation 
of risk factors, such as occasional unhealthy behaviours, 
mild alcohol use, or past tobacco use, alongside border-
line obesity, prehypertension, mild dyslipidaemia, or 
impaired glucose tolerance. Although they have not yet 
reached clinical thresholds for chronic disease, they are at 
increased risk due to accumulating metabolic and behav-
ioural factors. In contrast, the high-risk group consists of 
individuals with multiple, sustained risk factors, includ-
ing a history of tobacco use, harmful alcohol consump-
tion, unhealthy diet, and physical inactivity, compounded 

by obesity, hypertension, diabetes, and dyslipidaemia. 
These individuals often face greater physiological stress, 
limited healthcare. On the other hand, those belong-
ing to a higher-risk cluster may reinforce socioeconomic 
disadvantage, as individuals with poor health outcomes 
face challenges such as decreased productivity, job loss, 
or increased healthcare expenses. This conceptual model 
provides a structured approach to analyzing how NCD 
risks are socially patterned in Zambia, offering critical 
insights for targeted interventions and policy recommen-
dations aimed at promoting health equity.

Methods
Study design and data source
This was a cross-sectional, population-based survey. The 
study utilized data from Zambia’s most recent WHO 
STEPS survey 2017, a nationally representative, cross-
sectional survey designed to collect data on key NCD 
risk factors using the standardized STEPwise Approach 
to Surveillance (STEPS) developed by the World Health 
Organization [17]. The Zambia STEPS methodology col-
lects information across three steps: (1) self-reported 
behavioural risk factors (e.g., tobacco use, alcohol con-
sumption, diet, physical activity), (2) physical mea-
surements (e.g., blood pressure, height, weight, waist 
circumference), and (3) biochemical measurements (e.g., 
blood glucose and cholesterol levels).

Fig. 1  Conceptual framework
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Sampling and participants
The Zambia STEPS survey employed a multi-stage clus-
ter sampling design to ensure national representative-
ness of adults aged 18 years and older. Sampling followed 
WHO guidelines, with primary sampling units drawn 
from census enumeration areas, followed by household 
selection and random selection of one eligible adult per 
household [18]. Participants provided informed consent 
prior to participation.

Ethical considerations
The STEPS survey was ethically approved by the Bio-
medical Research Ethics Committee at the University of 
Zambia (UNZABREC) and the Zambia National Health 
Research Authority (ZNHRA). Permission to conduct the 
survey was also granted by Zambia’s Ministry of Health 
(MoH) and the local WHO office. All participants pro-
vided informed consent before inclusion in the survey. 
This research adhered to ethical standards outlined in the 
Declaration of Helsinki.

Measures
Non-communicable disease risk factors
The outcome variables for the clustering analysis 
included eight key NCD risk factors, consistent with 
WHO STEPS core indicators:

 	• Current tobacco use (any form, including cigarettes, 
cigars, pipes, smokeless tobacco).

 	• Harmful alcohol consumption (≥ 6 standard drinks 
on a single occasion in the past 30 days).

 	• Inadequate fruit and vegetable intake (< 5 servings 
per day).

 	• Physical inactivity (defined using WHO thresholds 
for insufficient physical activity across work, 
transport, and leisure domains).

 	• Overweight/obesity (BMI ≥ 25 kg/m²).
 	• Raised blood pressure (systolic BP ≥ 140 mmHg 

and/or diastolic BP ≥ 90 mmHg, or current use of 
antihypertensive medication).

 	• Raised fasting blood glucose (≥ 7.0 mmol/L or 
current use of diabetes medication).

 	• Raised total cholesterol (≥ 5.0 mmol/L or current use 
of lipid-lowering medication).

Socioeconomic determinants
Key exposure variables in this study included educa-
tional attainment, which was categorized into no formal 
schooling, primary, secondary, or tertiary education. 
Employment status was assessed across multiple cat-
egories, including employed, unemployed, homemaker, 
retired, and student. Additionally, respondent income 
was captured based monthly income.

Statistical analysis
Descriptive analysis
Participant characteristics, NCD risk factors, and socio-
economic variables were summarized using means 
(standard deviation) normally distributed continuous 
variables or medians (interquartile range) for skewed 
continuous variables, and frequencies (percentages) for 
categorical variables. Socioeconomic differences across 
NCD risk factors were assessed using chi-square tests 
(categorical variables) and t-tests or ANOVA (continuous 
variables).

Clustering analysis
To identify distinct clusters of NCD risk factors, we 
employed LCA, a model-based clustering technique suit-
able for identifying subgroups within a population based 
on observed categorical risk factors [19–21]. LCA is a 
person-centred technique and an appropriate method for 
explaining the clustering of health risk behaviours [22]. 
This technique has been used to explore NCD patterns 
among older adults using large nationally represented 
sample in Kenya [23].

Model selection was guided by multiple criteria includ-
ing the Bayesian Information Criterion (BIC), Akaike 
Information Criterion (AIC), entropy, and likelihood 
ratio tests [24, 25]. While fit improved slightly with 
more classes, the 3-class solution offered the best bal-
ance between model fit and parsimony (BIC = 33,084.04; 
AIC = 32,918.5). Entropy was 0.82, indicating acceptable 
classification accuracy. The Lo-Mendell-Rubin (LMR) 
and bootstrapped likelihood ratio tests (BLRT) con-
firmed that the 3-class model significantly improved 
over the 2-class model (p < 0.001) but further increases 
in classes did not yield significant improvement. Thus, 
the 3-class model was selected based on statistical fit and 
interpretability.

Association between clusters and socioeconomic factors
The association between cluster membership and socio-
economic determinants was assessed using multinomial 
logistic regression, adjusting for age, sex and income. To 
address right-skewness in self-reported income, we nat-
ural-log-transformed reported incomes. This improved 
distribution normality and reduced sensitivity to outliers 
in regression models. Results were expressed as adjusted 
odds ratios (aOR) with 95% confidence intervals (CI), 
quantifying the likelihood of belonging to each risk clus-
ter relative to a reference cluster, conditional on socio-
economic position.

Results
Sociodemographic characteristics
The study included a total of 4,302 participants, with 
a mean age of 36.6 years (SD = 13.9). The majority of 
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participants were women (62.5%), while men accounted 
for 37.5%. The population exhibited diverse educational 
attainment levels: 26.1% had less than primary education, 
24.1% completed primary education, 7.2% had college/
university education, and only 0.4% held a postgradu-
ate qualification. Regarding employment status, 39.7% 
of participants were self-employed, while 6.8% were 
engaged in non-government employment and 3.4% in 
government employment. A significant proportion of the 
population were unemployed and unable to work (5.8%), 
with 24.5% being able to work, and 5.8% unable to work. 
Additionally, 7.9% identified as homemakers, and 6.4% 
were students.

Behavioural and metabolic risk factors
Among the participants, 11.0% were current tobacco 
users, and 8.2% reported engaging in harmful alcohol 
consumption (Table  1). Dietary intake was suboptimal, 
with 81.9% reporting inadequate fruit and vegetable con-
sumption. Furthermore, 29.5% were physically inactive. 
Regarding metabolic risk factors, 30.6% were overweight 
or obese, 39.0% had raised blood pressure, 22.3% had 
raised blood glucose levels, and 21.4% had elevated cho-
lesterol levels.

Latent class analysis
The results of the LCA identified three distinct NCD risk 
profiles among Zambian adults. The estimated coeffi-
cients for class membership, with Class 1 serving as the 
reference category (base outcome) (see supplementary 
table).

The coefficients for Class 2 (1.675, p < 0.001) and Class 
3 (0.676, p < 0.001) indicate that these groups exhibit sig-
nificantly different NCD risk clustering patterns com-
pared to Class 1.

 	• Class 1 (Healthy Group): Characterized by a low 
prevalence of most NCD risk factors, including 
harmful alcohol use, overweight/obesity, raised 
blood pressure, and raised cholesterol.

 	•  Class 2 (Intermediate Group): Exhibits moderate 
levels of physical inactivity and poor diet but has 
lower odds of overweight/obesity and raised glucose 
compared to Class 3.

 	• Class 3 (High-Risk Group): Has the highest 
prevalence of metabolic and dietary risks, including 
raised glucose, raised cholesterol, and poor diet, with 
significantly higher obesity rates compared to the 
other classes.

Clustering of NCD risk factors
Table  2 presents the log-odds estimates of individual 
non-communicable disease (NCD) risk factors within 
each latent class, providing insights into how risk factors 
cluster across the population.

Class 1 (“healthy Group”)  This group exhibits the low-
est prevalence of behavioural and metabolic risk factors. 
Negative coefficients for harmful alcohol use (−0.83, 
p < 0.001), overweight/obesity (−2.73, p < 0.001), and 
raised glucose (−2.23, p < 0.001) suggest that individuals 
in this class are at the lowest risk of developing NCDs.

Class 2 (“intermediate Group”)  This group exhibits 
a moderate risk profile for developing NCDs. Negative 
coefficients for harmful alcohol use (−3.13, p < 0.001), 

Table 1  Behavioural and metabolic risk factors
Variable Percentage 

(%)
Frequency 
(n)

Tobacco Use
  Non-user 89.0 3,826
  Current User 11.0 475
Harmful Alcohol Use
  No Binge Drinking 91.8 3,949
  Binge Drinking 8.2 353
Fruit & Vegetable Intake
Adequate Intake (≥ 5 servings/day) 18.1 778
  Inadequate Intake (< 5 servings/day) 81.9 3,524
Physical Activity
  Inactive 29.5 1,270
  Active 70.5 3,032
Overweight/Obesity
  Normal Weight 69.4 2,986
  Overweight/Obese 30.6 1,316
Raised Blood Pressure -
  Normal BP 61.0 2,625
  Raised BP 39.0 1,677
Raised Glucose
  Normal Glucose 77.7 3,342
  Raised Glucose 22.3 960
Raised Cholesterol
  Normal Cholesterol 78.6 3,383
  Raised Cholesterol 21.4 919
Age (Mean, SD) 36.6 (13.9) 4,302
Values are presented as frequency (n) and percentage (%), except for Age, which 
is Mean (SD)

Table 2  Latent class analysis risk factor results
Risk Factor Class 1 

(Healthy)
Class 2 
(Intermediate)

Class 3 
(High Risk)

Tobacco Use 1.17 −14.32 −2.46***
Harmful Alcohol −0.83*** −3.13 *** −2.46***
Low Fruit & Veg Intake 1.39*** 1.67*** 1.20 ***
Physical Inactivity 1.41*** 0.92*** 0.53***
Overweight/Obesity −2.73*** −1.02 *** 0.17 **
Raised BP −0.31** −0.62 *** −0.07
Raised Glucose −2.23*** −2.90 *** 1.11***
Raised Cholesterol −3.23*** −3.73 *** 1.51***
***p < 0.001:**p < 0.01: *p < 0.05
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overweight/obesity (−1.02, p < 0.001), and raised glucose 
(−2.90, p < 0.001) suggest that individuals in this class have 
lower metabolic and behavioural risk factors than Class 
3. However, positive coefficients for low fruit and vege-
table intake (1.67, p < 0.001) and physical inactivity (0.92, 
p < 0.001) indicate that poor dietary habits and sedentary 
lifestyles are still prevalent, contributing to moderate 
NCD risk.

Class 3 (“High-Risk Group”)  This group exhibits the 
highest prevalence of behavioral and metabolic risk fac-
tors, placing them at the greatest risk of developing 
NCDs. Positive coefficients for overweight/obesity (0.17, 
p < 0.01), raised glucose (1.11, p < 0.001), and raised choles-
terol (1.51, p < 0.001) highlight increased metabolic risks. 
Although coefficients for harmful alcohol use (−2.46, 
p < 0.001) and tobacco use (−2.46, p < 0.001) suggest lower 
substance use compared to Class 1, poor dietary intake 
(1.20, p < 0.001) and moderate physical inactivity (0.53, 
p < 0.001) further elevate the risk of NCDs.

Latent class prevalence
Table  3 shows the latent class prevalence and shows 
that the model achieved a good fit. The results indicate 
that Class 2 (Intermediate-Risk) is the most prevalent, 
comprising 64.3% of participants (95% CI: 59.5–68.8%) 
(Table  4). This group represents individuals with mod-
erate NCD risk factors, requiring early preventive inter-
ventions. Class 3 (High-Risk) accounts for 23.7% of the 
population (95% CI: 21.2–26.4%) and is characterized 
by multiple co-occurring metabolic and behavioural risk 
factors, suggesting a heightened likelihood of develop-
ing non-communicable diseases. The smallest propor-
tion (12.0%) was assigned to Class 1 (Low-Risk) (95% CI: 
8.6–16.6%), indicating that only a minority of individuals 
exhibit minimal NCD risk factors.

Socioeconomic determinants and NCD risk clustering
Table  4 presents the results of the multinomial logis-
tic regression model assessing the association between 
socioeconomic determinants and NCD risk clustering. 
The Low-Risk group serves as the reference category, and 
adjusted odds ratios (aOR) with 95% confidence intervals 
(CI) are reported.

Education  Higher education levels were positively asso-
ciated with increased odds of being in the Moderate and 
High-Risk clusters.
Compared to individuals with no formal schooling, those 
with a college/university education had 3.4 times greater 
odds of being in the Moderate Risk cluster (aOR = 3.4, 

Table 3  Latent class prevalence
Latent Class Prevalence 

(%)
95% CI

Class 1 (Low-Risk) 12.0 8.6–16.6
Class 2 (Intermediate-Risk) 64.3 59.5–68.8
Class 3 (High-Risk) 23.7 21.2–26.4
Model Fit Criterion (Goodness-of-fit statistics for 
the latent class model

Value

Akaike Information Criterion (AIC) 32,918.5
Bayesian Information Criterion (BIC) 33,084.04

Table 4  Multinomial logistic regression of factors associated with NCD risk clusters
Predictor Moderate Risk vs. Low Risk (aOR, 95% CI) High Risk vs. Low Risk (aOR, 95% CI)
Formal Education (Ref: No Education)
  Less than Primary 1.12 (0.61–1.55) 0.98 (0.61–1.45)
  Primary Completed 1.75 (1.10–2.61)** 1.76 (1.08–2.81)**
  Secondary Completed 1.95 (1.21–2.97)*** 1.99 (1.30–3.05)***
  High School Completed 2.74 (1.59–3.88)*** 2.94 (1.79–4.33)***
  College/University 3.35 (1.67–4.98)*** 4.57 (2.19–6.81)***
  Postgraduate 4.01 (0.46–6.71) 4.27 (0.42–7.29)
Type of employment (Ref: Govt. Employee)
  Non-Govt Employee 0.34 (0.09–0.91)** 0.35 (0.09–1.01)*
  Self-Employed 0.41 (0.09–1.01)* 0.46 (0.11–1.17)
  Non-Paid 0.35 (0.10–1.02)* 0.97 (0.29–1.28)
  Student 1.59 (0.39–3.20) 1.21 (0.41–2.80)
  Homemaker 0.54 (0.28–1.48) 0.76 (0.34–1.88)
  Retired 0.47 (0.18–1.30) 0.63 (0.22–1.60)
  Unemployed (Able) 0.50 (0.21–1.07) 0.39 (0.14–1.05)
  Unemployed (Unable) 0.32 (0.09–0.98)** 0.44 (0.19–1.08)
Age 0.99 (0.98–0.99)*** 1.01 (0.99–1.03)
Male (vs. Female) 19.10 (13.60–28.50)*** 22.75 (15.90–31.75)***
Log (Income) 1.01 (0.98–1.05) 1.03 (0.98–1.07)
Ref Reference Category, aOR Adjusted Odds Ratio, CI Confidence Interval

***p < 0.001; **p < 0.01; *p < 0.05
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95% CI: 1.67–4.98) and 4.6 times greater odds of being in 
the High-Risk cluster (aOR = 4.6, 95% CI: 2.19–6.81).

Employment status  Those in non-government employ-
ment occupations had significantly lower odds of 
belonging to both the Moderate and High-Risk clusters 
compared to government employees. Unemployed indi-
viduals (unable to work) had significantly lower odds 
of being in the Moderate Risk cluster (aOR = 0.3, 95% 
CI: 0.09–0.98), indicating potential protective effects of 
employment stability.

Income  While not statistically significant, income showed 
a slight trend toward increased risk, particularly in the 
High-Risk group (aOR = 1.0, 95% CI: 0.98–1.07).

Sex  Being male was the strongest predictor of High-Risk 
cluster membership, with men having 19.1 odds of being 
in the moderate risk and 22.75 times higher odds of being 
in the High-Risk group compared to women (aOR = 22.75, 
95% CI: 15.90–31.75). Age: Each additional year of age 
slightly increased the odds of High-Risk membership 
(aOR = 1.01, 95% CI: 0.99–1.03), though this effect was 
not statistically significant.

Discussion
The findings from this study highlight distinct patterns 
in the clustering of non-communicable disease risk fac-
tors in Zambia, shedding light on their association with 
socioeconomic determinants. The identification of three 
latent risk classes (i.e., low-risk, intermediate-risk, and 
high-risk) demonstrates the heterogeneity of NCD risk 
factor accumulation, a pattern observed in global studies 
[26].This stratification underscores the need for tailored 
public health interventions that account for varying lev-
els of risk exposure.

The implications of these risk classifications are signifi-
cant. The low-risk group, though the smallest, suggests 
the presence of protective lifestyle behaviors that should 
be reinforced through public health initiatives. The inter-
mediate-risk group, which constitutes the majority, indi-
cates a substantial portion of the population is already 
exhibiting risk behaviors that could escalate into meta-
bolic disorders if left unchecked. Most concerning is the 
high-risk group, which comprises nearly one in four indi-
viduals. This signals an urgent need for targeted interven-
tions to prevent the onset of severe non-communicable 
diseases (NCDs), as this group faces a heightened risk 
of conditions such as cardiovascular disease and diabe-
tes. Addressing these risks through early prevention and 
management strategies is crucial to mitigating the long-
term health and economic burden of NCDs in Zambia.

The study emphasizes the need for targeted prevention 
strategies that are tailored to the distinct stages of NCD 

risk accumulation. Specific interventions are necessary 
to address the challenges faced by different risk groups. 
For individuals in the high-risk group, urgent interven-
tions are required, including regular screening, clinical 
management, and behavior modification programs aimed 
at controlling risk factors such as high blood pressure, 
cholesterol, and glucose levels. In addition, promoting 
healthier lifestyles through smoking cessation programs, 
alcohol reduction policies, and access to affordable, 
healthy food options should be prioritized. For the major-
ity in the intermediate-risk group, the focus should shift 
to preventive health policies designed to reduce modi-
fiable risk factors before they progress to more severe 
metabolic disorders. Community-based interventions, 
such as public awareness campaigns on the importance 
of physical activity and balanced diets, can help prevent 
further risk accumulation. The adoption of the WHO 
Essential NCD Intervention Package, which includes 
early diagnosis, management strategies, and comprehen-
sive health education, will be vital in curbing the rising 
incidence of NCDs in Zambia. These targeted strategies 
not only align with global best practices, as seen in stud-
ies from Europe, North America, and high-income Asian 
countries [27, 28] but are also specifically tailored to 
address Zambia’s unique context and health challenges.

Our study found that harmful alcohol consumption 
and tobacco use were significantly associated with the 
high-risk group (Class 3), mirroring global trends where 
substance use is a key contributor to NCD risk clustering. 
This aligns with previous reviews that have demonstrated 
smoking’s potential to adversely impact various factors 
involved in glucose and lipid metabolism all of which play 
critical roles in metabolic regulation, thus NCDs [29].

Socioeconomic determinants of NCD risk clustering
Findings of this study demonstrate that education, 
income, employment status plays significant roles in 
shaping NCD risk clustering. Higher education lev-
els were associated with increased odds of being in the 
moderate- and high-risk groups. This finding aligns with 
existing research demonstrating that educational status 
plays a crucial role in the trajectory of non-communica-
ble diseases (NCDs) in low- and middle-income coun-
tries (LMICs) [30–32].

In many LMICs undergoing economic transition, 
higher education has oddly been linked with greater risk 
of non-communicable diseases (NCDs). This contrasts 
with high-income countries, where more education usu-
ally means better health. Researchers have dubbed this 
an “education paradox”. In transitioning economies such 
as SSA, formal education often opens the door to urban, 
sedentary jobs and higher-income lifestyles. These shifts 
can encourage less physical activity and diets richer in 
processed foods and salt, as well as greater exposure to 
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alcohol and tobacco [33]. These lifestyle modifications 
will most likely lead to a rise in NCDs.

Non-communicable diseases (NCDs) tend to be more 
prevalent among higher socioeconomic status groups, 
though this is influenced by specific diseases and a coun-
try’s economic status. In India, a study by Kundu and 
Chakraborty (2023) from 2017 to 2018 found that while 
the prevalence of communicable diseases was higher 
among poorer older adults, NCDs were more prevalent 
among wealthier older adults, with a significant degree 
of inequality. Specifically, 45.5% of older adults suffered 
from NCDs, with a higher concentration among the rich, 
including conditions such as bone disorders, cardio-
vascular diseases (CVD), diabetes, cancer, and chronic 
obstructive pulmonary disease (COPD). Research by 
Hosseinpoor et al., (2012) in low- and middle-income 
countries (LMICs) reveals that diabetes prevalence is 
higher among wealthier and more educated individu-
als, especially in low-income countries (LICs). This con-
trasts with other NCDs like angina, arthritis, asthma, 
and depression, which are often more prevalent among 
individuals with lower wealth and education levels [34, 
35]. While some NCDs, such as diabetes, may initially 
be more common among wealthier individuals, the over-
all burden of NCDs often shifts towards lower-income 
groups over time due to epidemiological and socioeco-
nomic transitions [36, 37]. This is however the reverse 
in most high income (HICs) countries where higher 
education is associated with increased NCD risk fac-
tors and incidence [38]. This could be attributed to the 
fact that in SSA, higher education is linked to increased 
NCD risk due to urbanization, sedentary jobs, and West-
ernized diets. Consequently, the very opportunities that 
education affords may paradoxically amplify exposure to 
diet- and activity-related risk factor such as greater con-
sumption of ultra-processed foods, reliance on motorised 
transport, and prolonged sedentary screen time thereby 
accelerating the rise of non-communicable diseases in 
these populations. In HICs, higher education is associ-
ated with lower NCD risk due to health awareness, better 
healthcare access, and healthier lifestyles, reflecting dif-
ferent epidemiological transitions.

Employment status has been associated with the clus-
tering of non-communicable disease (NCD) risk fac-
tors. Government employees tend to have higher odds 
of being in high-risk clusters compared to their non-
government counterparts, potentially due to differences 
in occupational activity levels and dietary habits. A study 
in Biratnagar, Nepal, found that 99.6% of government 
employees had at least one established risk factor for 
NCDs, with an overall prevalence of high blood pressure, 
diabetes, and cardiovascular diseases at 22.3% [39]. Simi-
larly, a study of university employees in Nigeria identified 
inadequate fruit and vegetable intake, physical inactivity, 

and dyslipidemia as common NCD risk factors [40]. 
These findings emphasize the need for targeted interven-
tions to address lifestyle and behavioral risks among gov-
ernment employees.

In sub-Saharan Africa (SSA), the dynamics of health-
care access and NCD management differ significantly 
from other regions. While government employment can 
provide stability and access to certain benefits, systemic 
challenges—such as corruption, inequitable health sys-
tems, and resource limitations—often undermine these 
advantages [41]. Healthcare systems in SSA frequently 
lack equity, disproportionately impacting the most vul-
nerable populations [42]. As a result, even government 
employees may face substantial barriers to accessing 
quality healthcare, particularly in areas with weak or 
non-existent healthcare infrastructure. Additionally, 
factors such as ineligibility for government support and 
limited flexibility in health services can exacerbate the 
economic burden of managing chronic illnesses.

Despite these challenges, government jobs generally 
offer greater job security than private-sector employment, 
providing employees with economic stability, particu-
larly during periods of financial downturn [43]. However, 
ensuring that this stability translates into better health 
outcomes requires comprehensive workplace health pro-
grams and policy interventions that address the specific 
risk factors associated with government employment.

Sex differences in NCD risk clustering
Current findings highlight significant gender dispari-
ties in NCD risk clustering, reinforcing the need for sex-
specific health interventions. Targeted campaigns can be 
done to address distinct risk behaviours, improve health-
care access through mobile clinics and screenings, and 
integrate psychological support to enhance treatment 
adherence and overall health outcomes [44].

Men were significantly more likely to be classified into 
Class 3 (High-Risk Group), while a higher proportion of 
women were in Class 2 (Intermediate-Risk Group). Exist-
ing research on gender disparities in NCD risk has shown 
mixed results. Higher incidence of NCDs among men 
compared to women can be attributed to differences to 
lifestyle factors, obesity rates post-childbirth, and behav-
ioural patterns [5]. In Kazakhstan, men exhibited higher 
rates of smoking and alcohol consumption, whereas 
women had a greater prevalence of physical inactivity 
and obesity [44]. Similarly, a study among medical stu-
dents in Nepal found that men had significantly more 
clustered modifiable NCD risk factors [45]. Another 
study in Nepal reported that older women (40–49 years) 
were more likely to accumulate multiple NCD risk fac-
tors compared to younger women (15–29 years) [46].

Previous studies have consistently reported gender-
based differences in health behaviors and associated 
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outcomes. For instance [47], found that among Brazil-
ian adolescents, girls exhibited higher rates of insuf-
ficient physical activity, whereas boys demonstrated 
lower fruit and vegetable consumption alongside higher 
alcohol intake. Similarly [48],, analyzing data from the 
Global School-based Student Health Survey (2007–2016) 
encompassing 304,779 adolescents aged 11–17 years 
(52.2% female) from 89 countries, observed distinct gen-
dered patterns in the clustering of modifiable risk fac-
tors for non-communicable diseases (NCDs). While both 
sexes exhibited a combination of physical inactivity and 
inadequate fruit and vegetable intake, the co-occurrence 
of multiple risk factors—including smoking, alcohol con-
sumption, physical inactivity, and poor diet—was more 
pronounced among females (165% higher than expected) 
compared to males (110% higher than expected). These 
findings underscore the importance of early, gender-spe-
cific prevention strategies to mitigate the future burden 
of NCDs.

Further supporting these observations [49],, in their 
Norwegian Counties Study, found that although the 
overall patterns of NCD risk factors were comparable 
between men and women, men exhibited a higher prev-
alence of hypercholesterolemia, hypertension, hyper-
triglyceridemia, and multiple risk factors. Notably, 
men were overrepresented among individuals with an 
increasing-to-decreasing blood pressure trajectory and 
constituted two-thirds of those following a moderate-
to-vigorous-to-moderate leisure-time physical activity 
trajectory. These findings align with broader epidemio-
logical evidence indicating that men are more likely to 
engage in behaviors such as tobacco smoking, excessive 
alcohol consumption, and unhealthy dietary practices 
[50]. Given these gender-specific risk factor distributions, 
there is an urgent need for targeted interventions tailored 
to address these disparities. Implementing such strategies 
is crucial in reducing the overall burden of NCDs and fos-
tering healthier lifestyles for both men and women. This 
approach aligns with the WHO’s global call for strength-
ened commitments to combat NCDs, ensuring equitable 
health outcomes across genders and age groups [50].

Public health and policy implications
The identification of three distinct NCD risk profiles 
has critical implications for public health interven-
tions. Given that Class 2 (Intermediate-Risk) is the 
most prevalent, preventive policies should prioritize 
early intervention strategies, such as health education, 
dietary improvements, and promotion of physical activ-
ity to reduce the likelihood of progression to Class 3 
(High-Risk). The Ministry of Health has responded to 
NCD risks through the National NCD Strategic Plan 
2021–2025 [51]. This plan prioritizes the prevention 
and management of major NCDs, including diabetes, 

cardiovascular diseases, cancer, and respiratory diseases, 
while addressing key risk factors such as tobacco use, 
alcohol abuse, and unhealthy diets, in line with the WHO 
Global Action Plan for NCDs 2013–2030 [52].

However, policy gaps limit the effectiveness of these 
efforts. Challenges include inadequate baseline data, 
weak integration of international guidelines, and unde-
rutilization of health education strategies. Many health 
facilities lack resources to manage NCDs, and the cur-
rent plan does not comprehensively address all prevalent 
NCDs. Additionally, the absence of locally representative 
research and reliance on generic targets reduce policy 
impact. To address these gaps, strengthening data col-
lection, integrating non-health stakeholders, and domes-
ticating international guidelines to fit Zambia’s health 
system are critical. Leveraging routinely collected data 
for decision-making and prioritizing community-based 
interventions (e.g., accessible health education, dietary 
changes, and lifestyle improvements) can help curb dis-
ease progression and ease Zambia’s NCD burden. An 
example of a community-led initiative could be train-
ing local volunteers to conduct peer-support groups for 
hypertension management, combining culturally adapted 
nutrition workshops with shared blood pressure moni-
toring using low-literacy pictogram guides.

Our results align with the Social Determinants of 
Health (SDH) framework, underscoring how non-medi-
cal factors, markedly economic security and social sup-
port systems—critically shape wellbeing in chronic 
illness. The significant wellbeing gains observed among 
people living NCD transitioning from low to middle 
wealth (vs. minimal returns at higher wealth tiers) reflect 
SDH’s emphasis on material deprivation as a fundamen-
tal health driver. Similarly, the gendered buffering effect 
of social grants and limited protective role of structural 
social capital highlight how SDH domains like social 
position and socioeconomic context interact uniquely 
with health conditions. This reinforces SDH’s core tenet: 
equitable health outcomes require policies addressing 
intersecting socioeconomic vulnerabilities alongside bio-
medical care.

Conclusion
This study shows that NCD risk factors cluster into dis-
tinct latent classes, with significant socioeconomic dis-
parities influencing risk accumulation. The findings 
underscore the need for primary prevention strategies 
for individuals in the Intermediate-Risk group and tar-
geted treatment and prevention strategies for those in the 
High-Risk group. Given the significant burden of meta-
bolic and behavioral risk factors observed, policy-driven 
approaches will be critical in mitigating the rising NCD 
epidemic in Zambia.
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Effective policy measures should include strengthen-
ing taxation and regulatory policies on tobacco, alcohol, 
and unhealthy foods, as well as implementing nationwide 
health promotion campaigns to encourage physical activ-
ity and healthy diets. Expanding universal health cover-
age to improve access to early screening, diagnosis, and 
treatment of NCDs will be crucial. Additionally, integrat-
ing NCD prevention into primary healthcare services 
and strengthening community-based health programs 
can enhance early detection and management. Address-
ing contextual factors such as urbanization, cultural 
practices, and healthcare disparities through localized 
interventions will be essential for designing effective and 
sustainable solutions.

Limitations
While this study provides valuable insights, it is not 
without limitations. The cross-sectional design lim-
its our ability to establish causal relationships between 
risk factors and NCD outcomes. The generalizability of 
findings to other regions in SSA may be limited due to 
variations in cultural, economic, and healthcare systems. 
Additionally, there are always concerns of self-reported 
behavioural data. Given given that the data employed in 
current work was collected in 2017, trends and pattern 
may have changed slightly over the years and this must be 
acknowledged. Future longitudinal studies are needed to 
better understand the progression of NCD risk accumu-
lation and the effectiveness of targeted interventions.
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