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Clinical significance: Repeat annual health risk assessments (RAHRAs) with intervention did 
not reduce the 10-year FRS for CVD. RAHRAs significantly reduced the prevalence of 
hypercholesterolemia but no other risk factors. Although RAHRAs provide valuable insights 
into the progression of non-communicable diseases (NCDs), the role of RAHRAs in NCD 
management requires further study. 
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ABSTRACT  
 

Objective: To determine if repeat annual health risk assessments (RAHRAs) with intervention reduce 

10-year cardiovascular disease (CVD) risk in financial sector employees. Methods: Retrospective 

analysis from RAHRAs in 13737 employees over 4-years. We report changes in 10-year Framingham 

risk score (FRS) for CVD (%) and risk factors after 1 (GR1), 2 (GR2) and 3 (GR 3) RAHRAs. 

Results: Mean FRS increased with RAHRAs (GR1: +0.4%; GR2: +0.7%; GR3: +0.8%) (p<0.001) 

and was higher for GR3 vs. GR1 (p<0.001) and GR2 (pairwise: p<0.0355). RAHRAs were associated 

with increased inadequate fruit/vegetable intake (GR1: +5.4%; GR2: +9.8%; GR3: +15.8%) (all 

pairwise: p<0.001) and overweight (GR1: +5.4% vs. GR2: +9.8%) (p<0.001) and only 

hypercholesterolaemia decreased (GR1; -4.4% vs. GR3; -9.6%) (p<0.001). Conclusion: RAHRAs did 

not reduce 10-year CVD risk in financial sector employees. Role of RAHRAs in chronic disease 

management requires further study. 

Key words: lifestyle, risk factors, employees, health risk assessment, cardiovascular disease, 

Framingham Risk Score 

INTRODUCTION 
 

Non-communicable diseases (NCDs) are increasing globally, disproportionately affecting low- and 

middle-income countries (LMICs). [1] This imposes more constraints to an already overburdened 

health care system and hinders social and economic development.[2] South Africa (SA) is particularly 

affected by this increasing trend [3] and the percentage of deaths due to NCDs in SA have increased 

progressively from 42.9% in 2005 to 55.5% in 2015.[4]  

 

Four primary NCDs (cardiovascular disease, cancers, chronic respiratory diseases, and diabetes 

mellitus) have been attributed to four modifiable risk behaviours: poor nutrition, insufficient physical 

activity, harmful use of alcohol and smoking.[5] While the quality of life and health of individuals is 

affected by NCDs, there is also a reported loss of work productivity due to absenteeism.[2] Therefore, 

a preventative approach to reduce the risk of NCDs in the workplace could be beneficial especially in 

countries, such as SA, where skilled labour is relatively scarce.[6] In order to reduce the increasing 

prevalence of NCDs in the work force, 76% of SA companies offer onsite Health Risk Assessments 

(HRAs) that are usually conducted on an annual basis. These workplace health programs are designed 
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to address and reduce NCD risk factors as companies recognise that future success can only be 

achieved with a healthy, skilled, and motivated workforce.[7]  

A workplace-based literature review, using cross-sectional data, concluded that HRAs with feedback 

contributed towards positive lifestyle modification among employees.[8] With the gradual evolution of 

multiple modifiable risk factors and onset of NCDs, cross-sectional analyses are subject to systemic 

variance due to the use of a single measurement method and inability to compare within-individual 

difference over a period.[9] An analysis of longitudinal data can address these limitations by using 

repeat measures at different periods for the same individuals therefore providing insights into the 

evolution of the risk factors and their effects on NCDs.[9] Completing repeat annual health risk 

assessments (RAHRAs) over time allows for the comparison between assessments and to track 

change in health status and behaviours which may influence NCD risk.[8] 

 

There is limited research determining if RAHRAs with an intervention, positively influence NCD 

lifestyle risk factors, specifically reducing the prevalence of NCD risk factors over time. A three year 

retrospective longitudinal study conducted on a random sample of American university employees 

(n=500) with reported NCD risk factors who had received a financial incentive for completing an 

RAHRA without intervention showed improvement in six of the eight NCD risk factors. [10] A 

Japanese manufacturing company (n= 1704) reported that employees with three follow-up HRAs with 

various wellness support programs decrease the prevalence number of NCD risk factor at high risk (5 

or more risk factors) while increasing the percentage of employees in the low risk group (0-2 risk 

factors). [11] Although these studies demonstrate the potential health benefits of RAHRAs, researchers 

have highlighted the importance of using local data to tailor workplace promotional programmes for 

the targeted population.[7] To our knowledge, there are no workplace based studies that have 

examined the effect of multiple RAHRAs participation, with or without and intervention, on 10-year 

CVD risk and individual NCD risk factors within the South African workplace.  

 

The main aim of this study was to determine if repeat participation (from one to three repeats) in 

annual HRAs with an intervention, changes the 10-year Framingham risk score (FRS) for CVD 

among SA financial sector employees. A secondary aim was to determine if RAHRAs with an 

intervention change the prevalence of individual NCD risk factors. This study can provide important 

evidence to guide the financial sector in effectively planning and scheduling RAHRAs to reduce the 

risk of NCDs. 
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METHODS 
 

Settings and Participants  

Study design 

We conducted a retrospective analysis of data collected longitudinally among South African financial 

sector employees who voluntarily completed two or more RAHRAs over a 4-year period (1 January 

2016 to 31 December 2019). 

 

Setting 

A private financial sector health insurer hosted annual wellness days for its employee groups at their 

73 worksites in all nine provinces in South Africa over the 4-year period. The goal of the wellness 

days was for employees to gain a better understanding of NCD risk factors and subsequentially 

influence their NCD lifestyle behaviours so that they would make changes or maintain positive 

lifestyle measures. The wellness days included an HRA comprising a personal health risk assessment 

questionnaire, anthropometric and clinical measures.  

 

All employees were invited to participate in the wellness days via email which included a booking 

link for the annual HRA (AHRA) ensuring that it did not interfere with their work.  

 

Study participants  

Financial sectors employees of a private South African financial sector health insurer between 18 and 

63 years, who had completed at least two AHRAs between 1 January 2016 and 31 December 2019, 

were included. Of the entire population of 36074 employees, 22337 employees completed only a 

single annual HRA (not used for the analysis) and 13737 completed more than one assessment. These 

employees were the participants in this study and were divided into three groups (GR) as follows: 

GR1 (a baseline AHRA and one RAHRA) (n=8687), GR2 (a baseline AHRA and two RAHRAs) 

(n=3853) and GR3 (a baseline AHRA and three RAHRAs) (n=1197). 

 

Annual Health Risk Assessment (AHRA)  

At the wellness day, the employees completed an online PHA questionnaire before anthropometric 

and clinical measurements were conducted by a registered Nurse or accredited Biokineticist /Applied 

Exercise Physiologist. 

 

Personal Health Assessment (PHA) Questionnaire 

The PHA contained questions on participant demographics (age, sex), medical and family history and 

self-reported modifiable lifestyle behaviours. Participants reported their current smoking status by 

indicating whether they were non-smokers or current smokers. In addition, they reported their average 
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daily fruit and vegetable intake and their habitual physical activity by indicating the average number 

of fruits and vegetable servings per day and average minutes of moderate physical activity per week, 

respectively. During the study period, no change in the wording of questions in the PHA questionnaire 

was made.[12] 

 

Anthropometrical and Clinical Measurements 

Anthropometric measurements: Height, weight and waist circumference measurements were 

completed according to American College of Sport Medicine (ACSM) guidelines.[13] Height was 

measured to the nearest 0.1 cm, using a wall mounted ultrasound stadiometer (PUSH Stadiometer, 

InBody, California). A digital scale (Microlife WS 80 N, MicrolifeAG, Widnau, Switzerland) 

measured body mass to the nearest 0.1 kg. Body Mass Index (BMI) was calculated as body weight in 

kilograms (kg) divided by height in meters (m) squared (kg/m2).[13] Waist circumference was 

measured (in centimetres) at the narrowest part of the torso (above the umbilicus and below the 

xiphoid process) with a non-stretch retractable tape measure. 

 

Clinical measurements: An automated blood pressure machine (Microlife BP A2 Basic, Microlife 

AG, Widnau, Switzerland) was used to measure resting blood pressure. Blood pressure was measured 

twice after the participant remained seated quietly for five minutes. Random blood glucose 

concentration (mmol/L) and total cholesterol concentration (mmol/L) was obtained using finger-prick 

capillary samples (Accutrend GCT Monitor, Roche Diagnostics, Mannheim, Germany) either on the 

right- or left-hand according to appropriate guidelines for reliable finger-stick collection. [14] 

 
Post Health Risk Assessment Intervention 

On completing the AHRA, all employees received the following information from a registered Nurse 

or accredited Biokineticist: (1) verbal feedback regarding their overall results; (2) guidance to 

maintain or modify their lifestyle risk behaviours and (3) a comprehensive automated report email 

detailing their risk of NCD risk factors and offering general behavioural lifestyle modification advice. 

Employees identified as “increased” or “high” risk for NCDs (based on total cholesterol, blood 

pressure and blood glucose cut-off point values as described in Table 1) received a short message 

service (SMS) within 72 hours of completing the HRA advising them to consult their general medical 

practitioner. A reminder SMS was sent after 4 weeks by the Health Insurer to employees who had not 

yet consulted their general medical practitioner. A follow-up telephonic call was made after 12 weeks 

from the assessment date to those who had not yet consulted their general medical practitioner. 

Employees with general medical practitioner confirmed hypercholesterolemia, hypertension or 

diabetes mellitus were registered with the Disease Management Programme for access to chronic 

medication and follow-up consultations with their general medical practitioner for the ongoing 

management of the NCD(s). 
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Table 1: Risk factor classification and risk factor cut-off point of NCD risk 

NCD risk factor classification Risk factor cut-off points 

Insufficient physical activity Less than 150 minutes of moderate- to high-intensity physical activity per week [13] 

Inadequate fruit and vegetable intake Less than 5 servings of fruits and vegetables per day [18] 

Smoking Current cigarette smoker [1] 

Overweight BMI ≥ 25 kg/m2 [19] 

Central Obesity Waist circumference >102 cm for men and >88 cm for women [13] 

Hypertension  A systolic blood pressure ≥ 140 mmHg and/or a diastolic blood pressure ≥ 90 mmHg), 
or use of anti-hypertensive medication [13]

Hypercholesterolaemia Total blood cholesterol concentration ≥ 5.2 mmol/l [13] 

Diabetes mellitus  Random blood glucose concentration ≥ 6.4 mmol/l [19] or self-reported diagnosis of 
diabetes mellitus

 

Outcome measures 
Framingham risk score and Risk Category  

We used the non-laboratory-based Framingham risk score (FRS) to derive the 10-year risk of CVD 

(%). Framingham risk scoring uses age, gender (male/female), systolic blood pressure, BMI and 

smoking status (yes/no) and diabetes mellitus status (yes/no). [15]  

 

The Framingham score (10-year absolute CVD risk as a percentage) was classified as low (< 10%), 

intermediate (10-20%), and high (> 20%) risk. [16] The prevalence (% participants) in each risk 

category was determined. The main outcome measure was the % change in the following variables 

after 1, 2 or 3 RAHRAs (GR1, GR2 and GR3): 1) the 10-year risk for CVD (non-laboratory based 

FRS and Framingham risk category) [17] and 2) the prevalence of eight NCD risk factors. 

 

Changes in prevalence of NCD risk factors  

Based on the HRA measurements, the change in prevalence of NCD risk factors (% of participants) is 

reported. The NCD risk factors were defined as shown in Table 1.  

 

Statistical analysis 

Statistical analysis was completed using StataSE15 (StataCorp, TX, USA). Risk factor data was 

categorised as described in Table 1. Results were presented as means, 95% confidence interval (CI) or 

standard deviation. The difference between a participant’s end point value and the baseline value were 

used to assess change. Group difference were assessed by comparing the change between the last 

HRAs (2nd, 3rd or 4th) from baseline (1st HRA). Results were obtained by logistic regression for each 

outcome, adjusted for baseline age and gender. Significance was assessed at p<0.01 to account for 

multiple testing. 
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The 10-year Framingham risk score (FRS) was calculated using the non-laboratory formula.[12] 

Smoking status reported in the year 2017 was used as the baseline as it was not captured in 2016. 

Physical activity and fruit and vegetable intake were not captured for all the participants. The baseline 

of GR1 and 2 were not necessarily in the first year (2016), therefore as a “sensitivity” analyses, a 

subgroup was identified with those having their baseline in 2016 and their endpoint in 2019. As a 

control group, those with only one assessment in 2016 (n=4947) was used and compared against the 

endpoint values in 2019 of GR1 (n=986), GR2 (n=1428) and GR3 (n=1197). These results are 

presented in Appendix A. 

 

Ethical considerations 

Ethics approval for the study was obtained from the Research Ethics Committee of the Faculty of 

Health Sciences of the University of Pretoria (REC numbers 754/2018). In addition, the private health 

insurer provided permission for use of the data and all participants were deidentified to ensure 

confidentially. 

RESULTS 
 

Demographics of the study participants  

Study participants who completed the baseline plus one to three RAHRAs between 2016 and 2019 are 

described by sex and age group in Table 2. Complete results for these three tables are in Appendix B. 

 

Table 2: Demographics of the study participants (for sex and age groups) by AHRA frequency 2016 – 2019 

 

All 
employees 

 
 

Employees 
completing 

only a 
baseline 
AHRA 

 

Study participants (n=13737) 

GR1 (Study 
participants 
completed 

baseline and 1 
RAHRA)

GR2 (Study 
participants 
completed 

baseline and 2 
RAHRAs) 

GR3 (Study 
participants 
completed 

baseline and 3 
RAHRAs)

All (N)   36074 22337  8687  3853  1197 

Males, N (%)   12134 (33.6) 7809 (35.0)  2804 (32.3)  1139 (29.6)  382 (31.9) 

Females, N (%)   23940 (66.4) 14528 (65.0)  5883 (67.7)  2714 (70.4)  815 (68.1) 

Mean Age (SD), years   38.1 (10.0) 38.0 (10.0)  38.0 (10.1)  38.7 (9.9)  40.0 (10.0) 
Females, Mean Age (SD), 
years  

38.3 (10.1) 
38.2 (10.1)  38.3 (10.1)  38.7 (10.1)  40.7 (10.2) 

Males, Mean Age (SD), 
years  

37.7 (9.8) 
37.6 (9.8)  37.6 (10.0)  38.5 (9.4)  38.4 (9.4) 

 

Of the 13737 study participants, 8687 (63.2%), 3853 (28.0%) and 1197 (8.7%) completed two, three 

or four RAHRAs respectively between 2016 and 2019 (Groups 1 to 3). More than two thirds of the 

group completing 1 (67.7%), 2 (70.4%) or 3 (68.1%) RAHRAs were females. 
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The ratio for females: males was highest for GR2 (2.38) and lower for GR1(2.10) and 3 (2.13). There 

were significantly more females than males only between GR1 and GR2 (p=0.003), with no 

significance between GR1 and GR3 (p= 0.800) and between GR2 and GR3 (p= 0.121). 

 

The mean age for all three groups was 38 years or older, with GR3 being older than GR1 and GR2 

(P<0.01). 

 

Changes in the prevalence (%) of the Framingham risk score (FRS) and Framingham risk 

category 

Table 3 reflects the mean FRS and the proportion of employees in each of the FRS categories between 

baseline and RHRA. 

 

Table 3: The Framingham Risk Score (mean, 95%CI) and Framingham risk categories (%, 95%CI) and 
the changes in the FRS and FRS categories at RAHRAs.  

 GR1 GR2 GR3 Differences of changes 
between groups 

p values  
Baseline 
n=8687 

2nd HRA 
n=8687 

Change 2nd 
baseline 

Baseline 
n=3853

3rd HRA 
n=3853

Change 3rd 
baseline

Baseline 
n=1197

4th HRA 
n=1197

Change 4th 
baseline 

  
Mean/% 
(95% CI) 

Mean/% 
(95% CI) 

Mean/% 
(95% CI) 

Mean/% 
(95% CI)

Mean/% 
(95% CI)

Mean/% 
(95% CI)

Mean/% 
(95% CI)

Mean/% 
(95% CI)

Mean/% 
(95% CI) 

GR1 
vs 

GR2

GR1 
vs 

GR3

GR2 
 vs 
GR3

   p values   p values   p values    
Framingham 
Risk Score  

4.5 
(4.4,4.6) 

4.9 
(4.8,5.0) 

0.4 
(0.4,0.5) 

4.5 
(4.3,4.7)

5.2 
(5,5.4)

0.7 
(0.6,0.7) 

4.9 
(4.6,5.2)

5.7 
(5.4,6.0)

0.8  
(0.7,1.0)  <0.001 <0.001 0.0355 

   <0.001  <0.001 <0.001  
Low risk  
(< 10%) 

89.5 
(88.9,90.1) 

88.1 
(87.4,88.8) 

-1.4 
 (-1.9, -0.9)  

89.3 
(88.3,90.3)

87.0 
(85.9,88.0)

-2.3  
(-3.1, -1.6) 

88.1 
(86.1,89.8)

85 
(82.8,86.9)

-3.1  
(-4.4, -1.8)  0.042 0.019 0.323

   0.042      0.019 0.323  
Intermediate 
risk (10-
20%) 

7.6 
(7.0,8.1) 

8.8 
(8.2,9.4) 

1.2 
(0.7,1.8)  

7.9 
(7.1,8.8)

10.1 
(9.2,11.1)

2.2 
(1.5,3.1) 

9.4 
(7.8,11.1)

12.4 
(10.6,14.4)

3.0 
(1.5,4.5)  0.036 0.027 0.403

   0.036  0.027 0.403  
High risk 
 (> 20%) 

2.9 
(2.6,3.3) 

3.1 
(2.8,3.5) 

0.2 
 (-0.1,0.5) 

2.8 
(2.3,3.4)

2.9 
(2.4,3.4)

0.1 
(-0.4,0.5)

2.6 
(1.8,3.7)

2.7 
(1.9,3.8)

0.1 
(-0.7,0.9) 0.561 0.771 0.945

   0.561  0.771 0.945  

 
There was a significant increase in mean FRS as the number of RAHRAs increased: GR1 (0.4% 

increase; p<0.001), GR2 (0.7% increase; p<0.001), and GR3 (0.8% increase; p<0.001). This % 

increase was significantly higher for GR3 compared to GR1 (p<0.001) and GR2 (pairwise p<0.0355). 

The increase or decrease for the three groups were not significantly different for the FRS risk 

categories (p≥0.01). 

 

As the number of RAHRAs increased (from GR1 to GR3), the % participants classified as low (< 

10%), intermediate (10-20%), and high (> 20%) risk changed. There was a general decrease in the % 

participants in the low risk category as the number of HRAs increased. The % participants in the 

intermediate risk category generally increased as the number of HRAs increased and this was 

significant for GR1 (1.2%; p=0.036) and GR2 (2.2%; p=0.027). There was no significant change in 

the % participants in the high risk category as the number of HRAs increased.  
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Changes in prevalence (%) of NCD risk factors as number of RAHRAs increased (from GR1 to 

GR3) 

The % changes in the prevalence of NCD risk factors in the participants that underwent RAHRAs 

(Groups 1 to 3) is illustrated in Tables 4a, 4b and 4c. 

 

Table 4a: Change in prevalence (%) of NCD risk factors in GR1 (2 HRAs: baseline and 1 RAHRA; n=8687) 

NCD Risk factor 
Baseline 2nd HRA  

% (95% CI) % (95% CI) % change (95% CI) p-value

Smoker n=5029 n=8687  

Yes 19.3 (18.2,20.4) 17.5 (16.8,18.4) -1.8% (-2.5 to -1.2)  <0.001

Insufficient physical activity n=4407 n=4656  

 < 150 minutes per week 76.5 (75.3,77.8) 75.8 (74.6,77.0) -1.0% (-2.5 to 0.5) 0.183

Inadequate fruit and vegetable intake n=4162 n=4656  

< 5 servings of fruit and vegetable per day 88.8 (87.8,89.7) 94.8 (94.1,95.4) 5.4% (4.1 to 6.6)  <0.001

Overweight  n=8687 n=8687  

 65.2 (64.2,66.2) 68.3 (67.3,69.3) 3.1% (2.5 to 3.8)  <0.001

Hypertension n=8687 n=8687  

BP ≥ 140/90 or Medication 18.7 (17.9,19.5) 19.3 (18.5,20.1) 0.6% (-0.3 to 1.5) 0.194

Central obesity n=8687 n=8687  
High waist circumference (Men >102 cm,  
Women >88cm) 36.8 (35.8,37.8) 40.6 (39.6,41.7) 3.9% (3.1 to 4.7)  <0.001

Hypercholesterolemia n=8687 n=8687  

High (>5.2 mmol/L) 22.5 (21.6,23.3) 18.0 (17.3,18.9) -4.4% (-5.4 to -3.4)   <0.001

Diabetes mellitus n=8687 n=8687  
Raised Blood Glucose 
 (≥ 6.4 mmol/l) 19.0 (18.2,19.8) 19.9 (19.1,20.7) 0.9% (-0.2 to 2.0) 0.105

 

There was no significant change in prevalence of the following risk factors after one RAHRA: 

insufficient physical activity, raised blood glucose and hypertension (p≥0.01). After one RAHRA, 

there was a significant increase in the prevalence (poorer outcome) of inadequate daily fruit and 

vegetable intake (5.4%, p<0.001), overweight (3.1%; p<0.001) and central obesity (3.9%; p<0.001). 

One RAHRA was associated with a significantly reduced prevalence (improved outcome) of smoking 

(1.8%, p<0.001) and hypercholesterolemia (4.4%; <0.001). 
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Table 4b: Change in prevalence (%) of NCD risk factors in GR2 (3 HRAs: baseline and 2 RAHRAs: 

n=3853)  

NCD Risk factor Baseline 3rd HRA   

% (95% CI) % (95% CI) % change (95% CI) p-value 

Smoker n=1190  n=3853  

Yes 17.4 (15.3,19.7) 15.1 (14.0,16.3) -1.9% (-2.9 to 0.9)  <0.001 

Insufficient physical Activity n=1870  n=2131  
 

 

 < 150 minutes per week 74 (72.0,75.9) 73.6 (71.7,75.5) -1.9% (-4.2 to 0.3) 0.091 

Inadequate fruit and vegetable intake n=1791  n=2081  
 

 

< 5 servings of fruit and vegetable per day 82.6 (80.8,84.3) 93.7 (92.5,94.6) 9.8% (8 to 11.7)  <0.001 

Overweight  n=3853  n=3853   

BMI ≥ 25 kg/m2 63.7 (62.2,65.2) 68.8 (67.3,70.2) 5.1% (4.1 to 6.1)  <0.001 

Hypertension n=3853  n=3853  
 

 

BP ≥ 140/90 or Medication 17.3 (16.1,18.5) 19.1 (17.9,20.4) 1.8% (0.4 to 3.3) 0.01 

Central obesity  n=3853  n=3853  

High waist circumference (Men >102 cm,  
Women >88cm) 

35.8 (34.3,37.3) 41.9 (40.4,43.5) 6.1% (4.9 to 7.3)  <0.001 

Hypercholesterolemia  n=3853 n=3853  

High (>5.2 mmol/L) 24.2 (22.9,25.6) 17.8 (16.6,19.0) -6.4% (-7.9 to -5.0)  <0.001 

Diabetes mellitus  n=3853 n=3853  

Raised Blood Glucose 
 (≥ 6.4 mmol/l) 

18.1 (16.9,19.4) 21.2 (20.0,22.6) 3.1% (1.5 to 4.7)  <0.001 

 

There was no significant change in the prevalence of insufficient physical activity in participants who 

completed two RAHRAs (p≥0.01). Two RAHRAs were associated with a significantly increased 

prevalence (poorer outcome) in several NCD risk factors including inadequate daily fruit and 

vegetable intake (9.8%; p<0.001), overweight (5.1%; p<0.001), hypertension (1.8%, p=0.01), central 

obesity (6.1%; p<0.001) and diabetes mellitus (3.1%, p<0.001). Two RAHRAs were associated with a 

reduced prevalence of smoking (1.9%, p<0.001) and hypercholesterolemia (6.4%; <0.001) 

significantly reduced (improved outcome). 
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Table 4c: Change in prevalence (%) of NCD risk factors in GR3 (4 HRAs: baseline and 3 RAHRAs: n=1197) 

NCD risk factor 
  

Baseline 4th HRA 
 

 

% (95% CI) % (95% CI) % change (95% CI) p-value 

Smoker n=1197 n=1197  
 

Yes 18.1 (16.0,20.4) 15.7 (13.8,17.9) -2.4% (-4 to -0.8) 0.003 

Insufficient physical activity n=684 n=777  
 

 < 150 minutes per week 72.8 (69.3,76.0) 68.7 (65.4,71.9) -4.8% (-8.5 to -1.2)  0.009 

Inadequate fruit and vegetable intake n=667 n=767  
 

< 5 servings of fruit and vegetable per day 72.7 (69.2,76.0) 90 (87.6,91.9) 15.8% (12.8 to 18.8)  <0.001 

Overweight  n=1197 n=1197  
 

BMI ≥ 25 kg/m2 60.8 (58.0,63.5) 66.8 (64.0,69.4) 5.9% (4.2 to 7.7)  <0.001 

Hypertension n=1197 n=1197  
 

BP ≥ 140/90 or Medication 17.1 (15.1,19.4) 18.4 (16.3,20.7) 1.3% (-1.3 to 3.8) 0.331 

Central obesity n=1197 n=1197  
 

High waist circumference (Men >102 cm,  
Women >88cm) 32.6 (30.0,35.3) 38.8 (36.1,41.6) 6.3% (4.1 to 8.5)  

<0.001 

Hypercholesterolemia n=1197 n=1197  
 

High (>5.2 mmol/L) 26.6 (24.1,29.1) 17.0 (14.9,19.2) -9.6% (-12.2 to -7.0)  <0.001 

Diabetes mellitus n=1197 n=1197  
 

Raised Blood Glucose (≥ 6.4 mmol/l) 16.5 (14.5,18.8) 20.0 (17.8,22.3) 3.4% (0.5 to 6.3) 0.020 

 

In participants who completed three RAHRAs, there was no significant change in the prevalence of 

hypertension and diabetes mellitus (p≥0.01). Three RAHRAs were associated with a decreased 

prevalence namely smoking (2.4%, p=0.003), insufficient physical activity (4.8%, p =0.009) and 

hypercholesteremia (9.6%, p<0.001) but an increased prevalence of inadequate fruit and vegetable 

intake (15.8%, p<0.001), overweight (5.9%, p<0.001) and central obesity (6.3%, p<0.001).  

 

A summary of the changes in the prevalence (%) of NCD risk factors between groups (based on 

number of RAHRAs) is shown in Table 5. 

 

Table 5: Changes in the prevalence (%) of NCD risk factors between groups (based on number of RAHRAs)  

  
GR1 

% change (95% CI) 
GR2 

% change (95% CI) 
GR3 

% change (95% CI) 
Differences of changes between groups* 

p values

     
GR1 vs 

GR2 
GR1 vs 

GR3 
GR2 vs 

GR3 

Smoker -1.8% (-2.5 to -1.2) -1.9% (-2.9 to 0.9) -2.4% (-4.0 to -0.8) 0.942 0.512 0.577

Insufficient Physical activity -1.0% (-2.5 to 0.5) -1.9% (-4.2 to 0.3) -4.8% (-8.5 to -1.2) 0.499 0.057 0.183
Inadequate fruit and vegetable 
intake 5.4% (4.1 to 6.6) 9.8% (8 to 11.7) 15.8% (12.8 to 18.8)  <0.001 <0.001 <0.001

Overweight  3.1% (2.5 to 3.8) 5.1% (4.1 to 6.1) 5.9% (4.2 to 7.7) 0.001 0.003 0.406

Hypertension 0.6% (-0.3 to 1.5) 1.8% (0.4 to 3.3) 1.3% (-1.3 to 3.8) 0.157 0.646 0.689

Central obesity 3.9% (3.1 to 4.7) 6.1% (4.9 to 7.3) 6.3% (4.1 to 8.5) 0.003 0.044 0.912

Hypercholesterolemia -4.4% (-5.4 to -3.4)  -6.4% (-7.9 to -5.0) -9.6% (-12.2 to -7.0)  0.023 <0.001 0.038

Diabetes mellitus 0.9% (-0.2 to 2.0) 3.1% (1.5 to 4.7) 3.4% (0.5 to 6.3) 0.024 0.106 0.854
*adjusted for age and gender 
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The number of RAHRAs did not significantly change the prevalence of the following risk factors: 

smoking (GR3: -2.4%; GR2: -1.9%; GR1: -1.8%, p≥0.01), insufficient physical activity (GR3: -4.8%; 

GR2: -1.9%; GR1: -1.0%, p≥0.01), hypertension (GR3: 1.3%; GR2: 1.8%; GR1: 0.6%, p≥0.01), and 

diabetes mellitus (GR3: 3.4%; GR2: 3.1%; GR1: 0.9%, p≥0.01). A greater number of RAHRAs was 

associated with a significant increase in inadequate fruit and vegetable intake (GR3: 15.8%; GR2: 

9.8%; GR1: 5.4%; all pairwise p<0.001). The prevalence of overweight increased significantly more 

in employees who completed three RAHRAs compared to the group who completed two RAHRAs 

(GR3: 5.9%; GR1: 3.1%; pairwise p<0.003). Similarly, the prevalence of overweight increased 

significantly more for the group of employees who completed three RAHRAs compared to the group 

who completed two RAHRAs (GR2: 5.1%; GR1: 3.1%; pairwise p<0.001). The prevalence of 

hypercholesterolemia decreased more for the group of employees who completed three RAHRAs 

(GR3; -9.6%) compared to the group who completed one RAHRA (GR1; -4.4%; pairwise p<0.001). 

 

Employees who completed three RAHRAs (GR3) had a significant higher inadequate fruit and 

vegetable intake compared to one RAHRA (GR1: p<0.001) or two RAHRAs (GR2: p<0.001). The 

prevalence of overweight increased significantly more for employees who completed two RAHRAs 

compared to the group who completed one RAHRA (GR2: 5.1%, GR1: 3.1%, pairwise p <0.001). 

Also, overweight prevalence increased significantly in employees who completed three RAHRAs 

compared to those for completed one RAHRAs (GR3: 5.9%, GR1:3.1%, pairwise p <0.001). The 

prevalence of central obesity was significantly higher only for the group of employees who completed 

two RAHRAs (GR2, 6.1%) as compared to one RAHRA (GR1, 3.9%; p=0.003). The prevalence of 

hypercholesterolaemia was significantly lower in the employees who underwent three RAHRAs 

(GR3), compared to two RAHRAs (GR2) or 1 RAHRA (GR1) (p<0.001). 

DISCUSSION 
 

The main finding of the study was that repeat annual health risk assessments (RAHRAs), coupled 

with an intervention, over a 4-year period did not result in a reduction, but rather an increase, in the 

mean FRS (10-year CVD risk) in financial sector employees. RAHRAs were associated with poorer 

outcomes for the following individual NCD risk factors: inadequate fruit and vegetable intake and 

overweight. The prevalence of smoking, hypertension, insufficient physical activity, and diabetes 

mellitus was not altered by RAHRAs. A reduction in the prevalence of hypercholesterolaemia was the 

only individual NCD risk factor that improved significantly with multiple RAHRAs.  

Our first main finding on the effect of RAHRAs on the FRS has been investigated in two other 

studies. A significant 2% increase in mean FRS (from 15.5% to 17.5%, p < 0.001) was reported 

amongst participants from the general population residing in Norfolk, England (mean age: 58.0±8.9 
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yrs). [20] This increase between the baseline and second HRA, completed after 4-years, was observed 

following no intervention. [20] The increase in mean FRS was largely attributed to an increase in age of 

the study population. Notably, high risk participants were excluded from the study.[20] In the second 

study of 133 high risk employees (mean age 46.8±8.6 yrs) from the Vanderbilt University in America, 

HRA coupled with a 12 month disease management program focusing on nutrition, physical activity, 

stress management or smoking cessation resulted in a significant decrease in mean FRS after a RHRA 

one year later.[21]   It was suggested that improved behavioural lifestyle, particularly an increase in 

physical activity, was responsible for the decreased mean FRS observed. [21] In our study, we show 

that RAHRAs were associated with an increase rather than a decrease in the mean FRS, which is a 

similar finding from the study in Norfolk (England), but different to that among high risk employees 

from Vanderbilt University. Methodological considerations may explain the differences observed. 

Firstly, participants in the Vanderbilt University study were classified as high risk whilst high risk 

participants were excluded in the Norfolk study. In our study, “high risk” participants were referred to 

a medical practitioner for management. Secondly, and probably most importantly, there are 

differences in the type of interventions offered. The university employees were offered a free 

workplace health promotional program that included access to the fitness centre and behavioural 

lifestyle workshops (nutrition, physical activity, smoking cessation, and weight management) for 12 

months. In our study and that of Norfolk (England), participants were not offered free workplace 

health promotional programs between the baseline and RHRA over four years. These differences 

highlight the need to conduct further research to determine the efficacy of workplace interventions 

following RAHRAs. 

Our second main finding is that we report a variable outcome for individual NCD risk factors after 

RHRAs with an intervention. Variable outcomes in individual NCD risk factors were also reported in 

two other studies. In the first study among employees who completed a second HRA after 4 years, but 

with no intervention between HRAs, the prevalence of insufficient physical activity, cholesterol, and 

smoking status decreased, whilst the prevalence of overweight and diabetes mellitus increased. [20] In 

one other retrospective three-year study among American university employees (n=500), three repeat 

HRAs without intervention improved systolic and diastolic blood pressure, total cholesterol, high-

density lipoprotein, low-density lipoprotein, and triglycerides but there were no changes in body 

weight and glucose. [10] We specifically note that in both these studies, [10,20] there were no 

improvements in two specific NCD risk factors following RAHRA’s – overweight / body weight and 

blood sugar / diabetes mellitus. In our study, we show that the prevalence of being overweight and 

inadequate fruit and vegetable intake significantly increased (poorer outcomes) despite RAHRA’s – 

diabetes mellitus and raised blood sugar did not change and only hypercholesteremia decreased 

(improved outcome). Again, there are methodological differences between our study and the other 

two studies. Specifically, in the two other studies participants received a financial incentive for the 
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completion of a RHRA, and this may have contributed to the improvement of some individual NCD 

risk factors. Financial incentives are known to be effective in improving health outcomes and health 

related behaviours.[25] 

Although our study was not designed to explore the precise reasons for a poorer outcome in the FRS 

and the majority of individual NCD risk factors despite RAHRA observation, we suggest that this 

finding may be due to several factors, specifically related to the intervention. Firstly, detailed RAHRA 

feedback was not provided on the overall health profile of each participant but rather on selected 

individual risk factors. The overall health, using a wellness score, was used for the generation of the 

RAHRA health profile report that was subsequently emailed to the employees. Incorporating overall 

health in RAHRA feedback using wellness scores such as the FRS is an effective tool to encourage 

and motivating employees to adopt healthy lifestyle behaviours and to manage future medical claims 

costs.[23] Secondly, only employees with specific diagnosed conditions such as hypercholesterolaemia, 

hypertension and raised blood glucose were identified as “increased” or “high” risk for NCDs and 

these participants were referred to medical practitioners for further management. Individuals with 

other lifestyle risk factors such as smoking, overweight/obesity and central obesity, but with no 

diagnosed condition, were not identified for the enrolment of the disease management programme 

despite there being a strong correlation between lifestyle risk factors and NCDs. [24] Finally, once 

referred, the intervention focused mainly on drug therapy rather than including other lifestyle 

interventions. Drug therapy with lifestyle intervention is known to significantly improve the 10-year 

CVD risk in high risk individuals. [22] 

To improve outcomes following RAHRAs among financial sector employees, alternative assessment 

and intervention strategies should be considered. The use of wearable technologies, including 

smartphone applications and wearable sensors to improve disease management programs should be 

explored. Workplace health promotional programmes delivered via social media platforms such as 

Facebook and twitter may present and opportunity to reach and engage employees with risk factors 

for NCDs on an ongoing basis to modify their lifestyle behaviours. Employees receiving financial 

incentives (voucher or cash payment), [26] may contribute to the improvement of individual NCD risk 

factors and adoption of healthy lifestyles for those completing RAHR. [27] These recommendations 

may result in a comprehensive, multifaceted, and integrated intervention programme administered by 

the health insurer but designed collaboratively with the employer groups which could prevent and 

manage NCDs prevalence amongst financial sector employees. 
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STRENGTHS AND LIMITATIONS 
 

A key strength of this study is that RAHRAs, coupled with an intervention, were conducted over 

multiple years amongst a large sample of financial sector employees. In addition, standardised 

measurement protocols were used over the four year study period which allows for direct comparisons 

of the NCD risk outcomes. Our study has limitations. Firstly, a low proportion of employees 

participated between the first and fourth visit at which risk factor measurements were done and, 

because participation in the program was voluntary, there may be selection bias. Secondly, some of 

the smoking information was missing in 2016, which required imputation. Such biases were overcome 

using methods such as multiple imputation that allowed individuals with incomplete data to be 

included in analyses. [28] Thirdly, we had limited data on the employees who participated in the 

intervention i.e., the disease management programme after completing the HRA. Therefore, we 

cannot rule out that the non-significant improvements may have been due to the lack of participation 

in the intervention. Fourthly, the baseline means/percentages for some of the outcome variables in the 

3 groups differed and therefore regression to the mean could possibly have caused the bigger changes 

in some of the groups compared to other groups. Fifthly, while the testers were trained, qualified 

health professionals who underwent annual training on the measurement protocols and used the same 

calibrated equipment to minimise errors, measurement inaccuracies cannot be discounted Lastly, for 

this study we did not collect employee’s socioeconomic status data (level of education, occupation, 

and income) and diabetes type information (Type 1 and Type 2). The data may have provided 

valuable insights in determining influence of socioeconomic status on NCD risk factors over time and 

establish the association of type 2 diabetes and lifestyle risk factors among South African financial 

sector employees. This data may have provided valuable insight in determining influence of 

socioeconomic status on NCD risk factors over time among South African financial sector employees.  

SUMMARY AND RECOMMENDATIONS 

 

Considering the escalating burden of NCD risk factors observed among financial sector employees, 

implementation of effective screening and intervention programmes is required to change unhealthy 

lifestyle habits. Our results suggest that the current practice in many institutions and corporates to 

conduct and RAHRAs (with an intervention) may not achieve the desired effect of reducing all NCD 

risk factors. We suggest that the strategy of RAHRAs, the design and implementation of subsequent 

interventions be revisited. Greater efforts should be made to develop and implement innovative 

strategies that are cost effective and accessible to reduce the risk for NCD diseases in the working 

population.  
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