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Abstract 

Background  Hypertension (HT) is an orchestrator of atherosclerotic cardiovascular disease (ASCVD) in people living 
with type 2 diabetes (T2D). Control of systolic blood pressure (SBP) and HT as a whole is suboptimal in diabetes, partly 
due to the scarcity of doctors. While nurse-led interventions are pragmatic and cost-effective in the control of HT 
in primary health care, their effectiveness on SBP control among patients with T2D in Uganda is scantly known.

Aim  We evaluated the effectiveness of a nurse-led management intervention on SBP among T2D patients 
with a high ASCVD risk in Uganda.

Methods  A two-armed cluster randomized controlled trial compared the nurse-led management interven-
tion with usual doctor-led care. The intervention involved training nurses to provide structured health education, 
protocol-based HT/CVD management, 24-h phone calls, and 2-monthly text messages for 6 months. The primary 
outcome was the mean difference in SBP change among patients with T2D with a high ASCVD risk in the intervention 
and control groups after 6 months. The secondary outcome was the absolute difference in the number of patients 
at target for SBP, total cholesterol (TC), fasting blood glucose (FBG), glycated hemoglobin (HbA1C), low-density lipo-
protein (LDL), triglycerides (TG), and body mass index (BMI) after the intervention. The study was analyzed according 
to the intention-to-treat principle. Generalized estimating equations were used to assess intra-cluster effect modifiers. 
Statistical significance was set at 0.05 for all analyses.

Results  Eight clinics (n = 388 patients) were included (intervention 4 clinics; n = 192; control 4 clinics; n = 196). 
A nurse-led intervention reduced SBP by -11.21 ± 16.02 mmHg with a mean difference between the groups 
of -13.75 mmHg (95% CI -16.48 to -11.02, p < 0.001). An increase in SBP of 2.54 ± 10.95 mmHg was observed in the con-
trol group. Diastolic blood pressure was reduced by -6.80 ± 9.48 mmHg with a mean difference between groups 
of -7.20 mmHg (95% C1 -8.87 to -5.48, p < 0.001). The mean differences in the change in ASCVD score and glycated 
hemoglobin were -4.73% (95% CI -5.95 to -3.51, p = 0.006) and -0.82% (95% CI -1.30 to -0.35, p = 0.001), respectively. 
There were significant absolute differences in the number of patients at target in SBP (p = 0.001), DBP (p = 0.003), 
and TC (p = 0.008).
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Conclusion  A nurse-led management intervention reduces SBP and ASCVD risk among patients with T2D. Such 
an intervention may be pragmatic in the screening and management of HT/ASCVD in Uganda.

Trial registration  Pan African Clinical Trial Registry, PACTR202001916873358, registered on 6th October 2019.

Keywords  Cluster randomized trial, Nurse-led management intervention, Type 2 diabetes, Pooled cohort risk 
equations, Atherosclerotic cardiovascular risk, Systolic blood pressure, Uganda

Background
Atherosclerotic Cardiovascular Disease (ASCVD) causes 
profound morbidity and mortality in people living with 
type 2 diabetes (T2D) [1]. Given that the projected rise of 
diabetes globally is 783 (12.2%) million and in sub-Saha-
ran Africa is 55 million (134%) by the year 2045, there is a 
potential increase in the burden of ASCVD in this popu-
lation. Patients with T2D are at a 2-4 fold increased risk 
for atherosclerotic cardiovascular disease [2], and this 
risk is heterogeneous [3] due to the occurrence of car-
diovascular disease risk factors in different combinations 
and severity in patients with T2D [4].

Hypertension is one of the major cardiovascular dis-
ease risk factors usually screened for in the primary-level 
setting since it affects 50% of patients with T2D [5]. Dia-
betes and hypertension are closely related through sev-
eral pathogenic pathways, including insulin resistance 
[6]. Both conditions orchestrate CVD in an individual. 
Therefore, tackling CVD requires effective management 
of both conditions.

Among patients with T2D, screening and treatment 
of hypertension is one of the major ways of preventing 
and managing ASCVD at the Primary level. Relatedly, 
elevated systolic blood pressure is one of the major con-
tributors to atherosclerotic cardiovascular disease among 
T2D patients [7], and the benefits of its control have 
been elucidated. There is evidence that each 10  mmHg 
reduction in systolic blood pressure significantly reduces 
all-cause mortality, cardiovascular events, CHD, stroke, 
albuminuria, and retinopathy, regardless of baseline sys-
tolic blood pressure [8, 9].

Despite the available evidence on the benefits of hyper-
tension treatment among patients with T2D, a significant 
number of patients have suboptimal control, and they are 
thus potentially at high ASCVD risk.

Suboptimal control of hypertension in Sub-Saharan 
Africa (SSA), among other factors, is caused by poor 
access to care and a shortage of physicians [10, 11]. One 
way of circumventing this problem is to shift the role of 
screening and treatment of hypertension from Physicians 
to Non-Physicians when trained and supported.

Currently, there is evidence for nurse-led interven-
tions resulting in better clinical outcomes among patients 
with hypertension. In several systematic reviews and 
meta-analyses, nurse-led interventions resulted in 

better control of hypertension, conformation to treat-
ment guidelines and protocols, better patient satisfaction, 
and improved access to care [12–19]. Additionally, nurse-
led management also leads to better control of diabetes 
[20] and CVD [21].

While nurse-led interventions are cost-effective with 
reduced demand on physicians in communicable diseases 
[22], studies have not evaluated the effectiveness of such 
interventions on systolic blood pressure and ASCVD 
among patients with T2D. There is thus paucity of data 
on the effectiveness of this intervention among patients 
with T2D in Uganda.

Therefore, the current study was undertaken to assess 
the effectiveness of a nurse-led management intervention 
on systolic blood pressure among T2D patients with a 
high ASCVD risk in Central Uganda.

Methods
Trial design
This was a prospective cluster randomized trial with a 
parallel design that involved eight diabetes clinics (clus-
ters). The clinics were randomized into intervention and 
control arms with 4 clinics each. The details of the meth-
odology have been stipulated elsewhere [23]. There were 
no changes to the trial design concerning the eligibility 
criteria for the cluster and the individual participants 
after commencement.

Participants
The study population was comprised of indigenous peo-
ple born in Uganda and residing in the Central region of 
the country. The participants were adult patients aged 40 
to 79 who were diagnosed and treated for type 2 diabe-
tes in the health facilities selected for this study. Baseline 
data on the socio-demographic factors, clinical charac-
teristics, and 10-year ASCVD risk of the study partici-
pants was obtained. We used the revised Pooled Cohorts 
Risk Equations [24] to calculate the 10-year ASCVD risk. 
Participants with a 10-year ASCVD risk of ≥ 7.5% were 
eligible for the trial. The participants were consecutively 
selected until the required number was obtained. The 
study’s health facilities and participants were selected 
according to the following criteria:
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Eligibility criteria for study health facilities (clusters)
The inclusion criteria for study health facilities were as 
follows:

	 I.	 The study health facility had to run regular outpa-
tient diabetes clinics.

	II.	 The diabetes clinic had to be located in an urban or 
peri-urban area in the Central Region.

	III.	 The diabetic clinic had to have at least 85 outpa-
tient visits per week to ensure the recruitment of 
enough participants.

	IV.	 The study clinics had to be more than 6 km apart 
to minimize contamination due to the sharing of 
information and other materials between the inter-
vention and control participants.

	V.	 The study health personnel of the enrolled clinics 
had to be exclusively working for one study health 
facility to minimize bias.

	VI.	 The diabetes clinics enrolled had to be run by 
nurses, clinical officers, or medical officers with an 
updated patient register and a dispensary to ease 
patient enrollment and distribution of medicine.

Eligibility criteria for study participants
The inclusion criteria for study participants were as 
follows:

	 I.	 Adult men and women aged 40–79  years with a 
10-year ASCVD risk score ≥ 7.5% calculated using 
the Pooled Cohorts Risks Equations.

	II.	 Patients who were asymptomatic for ASCVD 
(those without a history of non-fatal myocardial 
infarction, stroke, heart failure, percutaneous coro-
nary intervention, coronary artery bypass surgery, 
or current atrial fibrillation).

The following patients were excluded:

	 I.	 Pregnant women (The Pooled Cohorts Risks Equa-
tions have not been validated in pregnancy).

	II.	 Patients with other comorbidities, such as chronic 
kidney disease and liver disease.

	III.	 Patients who had skipped two or more of their 
appointments in the preceding 6 months.

Study setting and location
The study was conducted in the Central Region of 
Uganda. This region has 103 Health Center IVs. Seven 
health facilities were conveniently selected because of 
their long-term working relationship with Mengo Hos-
pital (these facilities routinely refer T2D patients with 

cardiovascular disease to Mengo Hospital). The eighth 
facility selected was Mengo Hospital because it was the 
study coordinating center. The study health facilities were 
public and private tertiary hospitals and Health Center 
IVs. These facilities have updated manual patient reg-
isters, and delivery of health care services for the NCDs 
is done mainly by clinical officers, doctors, and nurses. 
These facilities run a weekly diabetes clinic where 50–120 
patients are treated per clinic day according to the size 
of the health facility (i.e., smaller facilities tend to have 
fewer patients than bigger facilities). Details of how the 
health facilities and participants were selected are shown 
in Fig. 1.

The clinics (clusters) were randomized and paired 
according to their location, i.e., urban vs. peri-urban, 
to balance the arms. Hence, two pairs of urban and 
peri-urban clinics were created. The details of the rand-
omization process have been provided under the Rand-
omization section.

During clinic days, patients are registered by the nurs-
ing assistants or peer leaders. Their anthropometric 
measurements and blood glucose measurements are 
done by the triage nurses. Group health education ses-
sions of 15–30 min are conducted by the nurses. Health 
education sessions are not usually structured but rather 
are driven by patients’ questions or queries. After health 
education sessions. Patients are then reviewed and 
treated by either clinical or medical officers. The pre-
scribed medicines and return dates are recorded by the 
nurses. The patients are guided to the pharmacy or dis-
pensary to collect their medicine before going home.

Interventions
The intervention was at both cluster and individual par-
ticipant levels. In this trial, we evaluated the effect of ran-
domizing clinics to nurse-led management interventions 
to assess whether this would give similar or better results 
in terms of systolic blood pressure and ASCVD risk con-
trol. All 192 patients in the 4 intervention clinics were 
subjected to the nurse-led intervention to assess whether 
they achieved lower systolic blood pressure and ASCVD 
risk after the 6-month intervention. The nurse-led man-
agement intervention was based on Wagner’s Chronic 
Care Model (CCM) [25].

The intervention involved identifying two nurses from 
each clinic who were trained for two days at the study 
head office in Mengo Hospital. We used the curriculum 
that was specifically developed for this study to train 
the nurses. The primary objective of the training was to 
improve the skill and capacity of nurses to screen for and 
manage hypertension and cardiovascular disease in clin-
ics. The nurses were trained on ASCVD risk screening 
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Fig. 1  Study flow diagram showing selection of health facilities and participants
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with the Pooled Cohort Risks Equations, treatment of 
hypertension and ASCVD, referral of patients for further 
management, principles of behavioral change, and health 
promotion.

The nurses were able to give group structured health 
education on ASCVD prevention and management after 
the training.

The nurses gave two 30-min health education sessions 
3 months apart. The health education topics included 
the relationship between ASCVD and diabetes, risk fac-
tor management, and the benefits of medication adher-
ence. A 15-min question-and-answer session followed 
each education session. The participants were given an 
ASCVD leaflet written either in English or the local lan-
guage (Luganda). The nurses provided the leaflets once at 
the beginning of the study and encouraged participants 
to come with them every time they attended the clinic 
for health education sessions. The main aim of the health 
education sessions was to obtain an informed, proactive 
patient to be at the center of the management of his or 
her condition. Treatment adherence rates and lifestyle 
change testimonies during health education sessions 
were used to assess treatment adherence rates. During 
the initial sessions, the participants elected a leader (Peer 
Leader) who was trained by nurses to help in register-
ing patients, coordinating health education sessions, and 
referring critically ill patients to medical facilities from 
the community. The nurses provided protocol-based 
hypertension and ASCVD management. A team of three 
independent physicians coordinated by the principal 
investigator developed the protocol based on the Uganda 
Clinical Guidelines on the Management of Hypertension. 
It was approved by the Ethics Committee.

The nurses were guided by the protocol in the man-
agement and provision of medicine (i.e., lipid-lowering 
agents, anti-hypertensives) and on intra- and inter-facil-
ity referrals. The principal investigator reviewed the 
patients’ files weekly to ensure that nurses’ assessments 
and prescriptions were appropriate. Where assessments 
and prescriptions were not appropriate, the princi-
pal investigator gave onsite training, and patients were 
called back to change their prescriptions. The number 
of patients on appropriate anti-hypertensive and lipid-
lowering agents was used by the principal investigator to 
assess improvement in this capacity. The onsite training 
and checks galvanized what was taught during the train-
ing. This approach underlined the shifting of the role of 
screening and management of hypertension and ASCVD 
from a clinical or medical officer to a well-trained nurse 
with a proactive, educated patient at the center of his or 
her care.

The intervention provided coaching support to all 
patients in the intervention arm. The coaching support 

included individualized telephone calls, text messages, 
and a 24-h mobile telephone service to address patients’ 
concerns. The nurses used health education topics to 
structure the phone calls. Each participant was called for 
7 min. Hence, 20 h were used to call 173 patients. Dur-
ing the entire study period, participants were called three 
times. Call log books were used to record participants 
and areas discussed. Nurses sent text messages in the 
local language (Luganda) every 2 months. During enroll-
ment, we inquired about mobile phone ownership, and 
over 95% of the participants had mobile phones, and the 
ones without personal mobile phones gave us numbers of 
their next of kin. Text messages were written on the top-
ics discussed during the health education talks and in the 
leaflet. A text message log was used to record all the mes-
sages. Individualized hypertension and ASCVD manage-
ment were reinforced by the telephone and text messages 
at home. Calls and text messages strengthened the nurse-
patient relationship, which is a major component of the 
chronic disease care model.

The doctor- or clinical officer-led care comprised the 
usual or control arms. Health centers enrolled in the 
study were health center IVs and higher, where either 
patients are referred by nurses or refer themselves 
with symptoms of ASCVD. In these facilities, patients’ 
ASCVD risk is not assessed, and nurses don’t give struc-
tured health education sessions. Screening and treatment 
of hypertension and ASCVD are done by the clinical 
officers and medical officers. Management of these con-
ditions is not protocol-based. In these facilities, the man-
agement of hypertension and ASCVD varies from facility 
to facility. Leaflets are not usually given to patients in 
these health facilities, nor are patients supported with 
phone calls or text messages. Follow-up of patients in 
these facilities does not occur at home except at the des-
ignated appointment at the health facility.

Hypothesis
We hypothesized that a nurse-led management inter-
vention reduces systolic blood pressure and ASCVD 
risk among T2D patients with a high ASCVD risk in the 
intervention group.

Specific objective
The trial was conducted to investigate the effect of a 
nurse-led management intervention on systolic blood 
pressure among patients with type 2 diabetes with a high 
ASCVD risk that was implemented in clinics (clusters) in 
Central Uganda for 6 months.

Primary and secondary outcomes
The primary outcome measure was the mean difference 
in change in systolic blood pressure among patients with 
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type 2 diabetes with a high ASCVD risk in intervention 
and control groups after 6  months. The secondary out-
come measure was the absolute difference in the num-
ber of patients reaching treatment targets for systolic 
blood pressure, total cholesterol, fasting blood glucose, 
glycated hemoglobin, low-density lipoprotein choles-
terol, triglycerides, and BMI between the groups after 
6 months. We report no changes in trial outcomes after 
trial commencement.

Sample size estimation
The sample size was calculated based on a study by 
Rudd et  al. [26] that evaluated the effects of a nurse-
led use of algorithm-based prescription. In that study, 
nurse-led prescription reduced systolic blood pressure 
by 14.2  mmHg (SD = 17.2) in the intervention arm and 
5.7 mmHg (SD = 18.7) in the control arm [26]. Given the 
fixed number of diabetes clinics (clusters), to adjust for 
clustering, the formula for a fixed number of equal-sized 
clusters was used to calculate the number of participants 
per arm [27].

Therefore, in each arm, we calculated 174 participants, 
with the entire trial being 348. Allowing for a projected 
10% loss, the adjustment was 174/1–0.1 = 193.3 = 194 
participants per arm over 6  months. Thus, we selected 
388 participants for the study. These were consecutively 
selected within all the clinics. The participants were ran-
domly assigned, with 192 participants in the intervention 
arm and 196 participants in the control arm. After rand-
omization of the facilities, the two facilities with the high-
est number of participants at baseline were randomized 
into the control arm, giving a slightly higher number. 
Therefore, we recruited 48 participants per clinic in the 
intervention arm and 49 participants in each clinic in the 
control arm.

Interim analysis
There was no planned interim analysis for this trial.

Randomization
An independent epidemiologist randomly assigned clin-
ics to either arm in a 1:1 ratio using computer-generated 
random sequencing with four clinics in each arm, i.e., 
intervention n = 4 and control n = 4. The diabetes clinics 
(clusters) were the units of randomization.

Allocation and concealment
The independent epidemiologist allocated and assigned 
health facilities to either group of the study. The alloca-
tion was disclosed after baseline measurements in the 

presence of study nurses. The participants were consecu-
tively selected by the study nurses in all the clinics. About 
192 and 196 participants were selected for the interven-
tion and control arms, respectively. Eligible participants 
consented, and baseline measurements were obtained.

Implementation (data collection)
After ensuring eligibility, trained study nurses sought 
written informed consent from the participants who 
were consecutively enrolled in the clusters. The study 
nurses were trained to execute the intervention com-
ponents as well as data collection. Each participant had 
baseline data collected on socio-demographics, blood 
pressure, lipids, ASCVD score, fasting blood glucose, 
body mass index, and glycated hemoglobin, and again 
after 6 months. The pre- and post-intervention data was 
collected on the same individuals (cohort design) in both 
the intervention and control arms and entered into data 
collection forms. Details of these have been described in 
the trial protocol [23].

Blinding (masking)
The participants and study nurses were not blinded dur-
ing data collection, monitoring, and management.

Statistical analysis
The study was analyzed based on the intention to treat 
principle. Missing data was handled as stipulated in our 
trial protocol, and imputation was performed according 
to the last observation carried forward for missing data 
at 6 months [23]. A descriptive analysis of baseline char-
acteristics between groups was performed using student 
t-test or chi-square test and equivalents as appropriate. 
The primary outcome of the trial was the mean differ-
ence in the change in systolic blood pressure between 
baseline and 6 months and between the intervention and 
usual care groups at individual and cluster levels. This 
was expressed as the mean systolic blood pressure differ-
ence between the groups (with 95% CI) and p-value. The 
effect size for the intervention was assessed with the use 
of Cohen’s d.

We analyzed data using the method stipulated by 
Campbell et al. In this method, the mean for each clus-
ter was summarized, and these were compared using a 
paired t-test that was adjusted to account for the intra-
cluster correlation by dividing the t-value by the square 
root of the design effect [28]. Generalized estimating 
equations were used to assess for intra-cluster effect 
modifiers such as age, residence, and baseline systolic 
blood pressure that were pre-specified because they 
were believed to have a potential impact on the primary 
outcome.
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Results
Recruitment, retention, and attrition
All clusters (100%) in both groups completed the study. 
Overall, 352 (90.70%) of the participants completed 
the trial. In the intervention group, 173 (90.10%, CI 
0.44–0.54) participants completed the trial, while 179 
(91.30%, CI 0.47–0.57) participants completed it in the 
control group. Overall, 36 participants did not com-
plete the study, with 19 of them in the intervention 
group and 17 in the control group. In the intervention 
group, there were 6 deaths, and 13 participants were 
lost to follow-up. Five (5) deaths occurred, and 12 par-
ticipants were lost to follow-up in the control (usual 
care) group despite attempts by the study coordinator 
and peer leaders to locate them and find out why they 
had dropped out. In the intervention group, 5 partici-
pants died due to COVID-19 and 1 died due to stroke. 
In the control group, 2 died due to COVID-19, 2 died 
due to acute myocardial infarction, and 1 died due to 
stroke. This is summarized in the CONSORT flow dia-
gram in Fig. 2.

At baseline, more than three-quarters of the partici-
pants in both the intervention and control groups were 
women (78.60% and 77.50%) respectively, and the median 
age (IQR) of the total population was 58  years (51–63). 
More participants in the intervention group 98 (51.00%) 
compared to the control group 65 (33.20%), p < 0.001, 
lived in rural areas. Education level differed between the 
two groups (p = 0.001). Active smoking was low in both 
arms. Details are shown in Table 1.

At baseline, the mean age ± SD at diabetes diagnosis 
was 48.90  years (± 9.50) in the intervention group and 
50.10 years (± 9.27) in the control group. The median sys-
tolic blood pressure was 144.84  mmHg (131.00–158.30) 
and 137.50  mmHg (127.45–149.50) in the intervention 
and control groups, respectively. Diastolic blood pressure 
was higher in the intervention group (87.00 mmHg, IQR: 
80.64–95.84) than in the control group (84.85  mmHg, 
IQR: 78.50–91.00). The median glycated hemoglobin was 
8.90% (6.90–11.30) in the intervention group and 8.10% 
(7.00–10.40) in the control group. The median ASCVD 
score was 15.09% (9.44–22.43) and 13.21% (8.68–19.44) 
in the intervention and control groups, respectively. The 
details are shown in Table 2.

Primary outcome
After 6 months, the mean change in systolic blood pres-
sure was -11.21 ± 16.02 mmHg in the intervention group, 
while it was + 2.54 ± 10.95  mmHg in the control group. 
The mean difference in the change in systolic blood pres-
sure between the two groups was -13.75 mmHg (95% CI 

-16.48 to -11.02, p < 0.001). The effect size for the inter-
vention was 0.85.

The effect modifiers for the intervention among the 
clusters were age (p = 0.007), residence (p < 0.001), base-
line systolic blood pressure (p < 0.001), coronary heart 
disease history (p < 0.001), and education level (p = 0.002).

Mean change in other CVD variables
After 6  months, the average change in diastolic blood 
pressure was -6.80 ± 9.48  mmHg in the intervention 
group, whereas an average change of + 0.40 ± 5.37 mmHg 
was observed in the control group. The mean difference 
in the change in diastolic blood pressure between groups 
was -7.20 mmHg (95% C1 -8.87 to -5.48, p < 0.001), and 
an effect size of 0.68 was noted.

The mean difference in the change in ASCVD score 
was -4.73% (95% CI -5.95 to -3.51, p = 0.006), glycated 
hemoglobin -0.82% (95% CI -1.30 to -0.35, p = 0.001), 
fasting blood glucose 0.01 mmol/l (95% CI -0.79 to 0.81, 
p = 0.988), total cholesterol -0.06  mmol/l (95% CI-0.31 
to 0.07, p = 0.221), LDL-0.08  mmol/l (95% CI -0.26 to 
0.10, p = 0.387), HDL-0.03  mmol/l (95% CI -0.09 to 
0.04, p = 0.453), TGs -0.03  mmol/l (95% CI -0.25 to 
0.18, p = 0.776) and BMI 0.38  kg/m2 (95% CI -0.25 to 
1.02, p = 0.236). Details of the mean differences between 
groups and their effective sizes are shown in Table 3.

Secondary outcome
After 6  months, the absolute difference in the num-
ber of patients at target between intervention and con-
trol groups was significant for SBP (p = 0.001), DBP 
(p = 0.003), and TC (p = 0.008). There was no signifi-
cant absolute difference for FBG (p = 0.127) or HBA1 
(p = 0.495). Details are displayed in Table 4.

Discussion
This prospective cluster randomized clinical trial showed 
that a nurse-led intervention resulted in a decrease in 
systolic blood pressure of -11.21 ± 16.02 mmHg, while an 
increase in systolic blood pressure of 2.54 ± 10.95 mmHg 
was observed in the control group. The mean difference 
between the groups was -13.75 mmHg (95% CI-16.48 to 
-11.02, p < 0.001). Diastolic blood pressure was reduced 
by -6.80 ± 9.48  mmHg in the intervention group while 
it increased by 0.40 ± 5.37  mmHg in the control group, 
with a mean difference in the change of -7.20  mmHg 
(95% CI-8.87 to -5.48, p < 0.001) between the groups. 
The mean difference in change in 10-year ASCVD risk 
was -4.73%( 95% CI -5.95 to -3.51, p = 0.006) and gly-
cated hemoglobin was -0.82%( 95% CI -1.30 to -0.35, 
p = 0.001) between the groups. We observed a significant 
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Fig. 2  Consort diagram showing assignment and progress of clusters and participants in the study
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difference in the number of patients reaching the target 
for SBP (p = 0.001), DBP (p = 0.003), and TC (p = 0.008) 
in the intervention group. There was no significant dif-
ference for FBG (p = 0.127), HbA1C (p = 0.495), or BMI 
(p = 0.290).

The multicomponent intervention in our study, which 
involved training nurses to give health education and 
treat hypertension based on a treatment algorithm with 
readily available anti-hypertensive agents, could explain 
the higher reduction in systolic blood pressure as medical 
management is the most effective treatment for hyper-
tension [29]. Additionally, the coaching component of 
text messaging, phone calls by nurses, and support in the 
community by the peer leaders could have potentiated 
good clinical outcomes in our study. There is evidence 
that coaching interventions result in better clinical out-
comes in chronic disease management [30].

Furthermore, our intervention consisted of group coun-
seling that was followed by individual counseling and 
telephone contacts over the study period. Other than 
establishing stronger bonds, individual counseling tailors 
health education needs to a particular person since there 
is individual variation in cardiovascular risk factors that 
is not usually addressed by group counseling alone. Our 
multicomponent intervention embraced the current con-
cept of therapeutic concordance, which is premised on 
better communication and engaging patients in their treat-
ment decisions, leading to better treatment outcomes and 
a low incidence of adverse drug reactions, which usually 
cause non-adherence and dropouts from treatment. In our 
intervention, we prescribed communication and patient 
support through periodical text messages and phone calls, 
which supported the patient in behavioral modification 
and taking their drugs [31]. Since systolic blood pressure 
is a major orchestrator of ASCVD [32–35], a reduction 
in systolic blood pressure also resulted in a reduction in 
the 10-year ASCVD risk score. We noted an increase in 
systolic blood pressure in the control group, whose rea-
sons we could not readily ascertain. However, in Uganda, 
medicine and laboratory tests for treating chronic illnesses 
such as diabetes, hypertension, and cardiovascular dis-
ease are expensive and scarce [36], and our health system, 
which is modeled to treat communicable diseases, is not 
yet sufficiently ready to treat non-communicable diseases 
[37]. Similar findings were observed in a study by Donna 
L. Mclean et al. in which a community- and nurse-based 
intervention resulted in a 5.6 mmHg reduction in systolic 
blood pressure among patients with T2D after 6 months. 
Differences between the systolic blood pressure reductions 
in the two studies arise from the difference in the inter-
vention components, i.e., Donna’s study only consisted of 
empowering patients to take charge of their blood pres-
sure, dietary and physical exercise, documenting their 
blood pressure, and referring them to their family physi-
cians [29] while our trial consisted of nurse prescription 
and provision of anti-hypertensive agents that could have 
led to a higher systolic blood pressure reduction.

Table 1  Baseline socio-demographic characteristics across the 
groups

IQR Interquartile range, frequency, % Percentage

Variable Intervention 
(n = 192)

Control (n = 196) P-value

n (%)

Age median (IQR) 57 (50–63) 58 (52–63)

Gender

  Female 151 (78.60) 152 (77.50)

  Male 41 (21.40) 44 (22.50) 0.794

Residence

  Urban/peri-urban 94 (49.00) 131 (66.80)

  Rural 98 (51.00) 65 (33.20) < 0.001

Smoking status

  Active (Yes) 1 (0.50) 2 (0.50)

  No smoking (No) 187 (97.40) 190 (97.00)

  Quit 4 (2.10) 4 (2.00) 0.854

Education level

  None 23 (12.00) 4 (2.00)

  Primary 99 (51.60) 107 (54.60)

  Secondary 49 (25.50) 67 (34.20)

  Tertiary 21 (10.90) 18 (9.20) 0.001

Table 2  Median of the baseline characteristics across the groups

n Frequency, SD Standard deviation, DM Diabetes mellitus, BP Blood pressure, 
IQR Interquartile range, HbA1c Glycated hemoglobin, ASCVD Atherosclerotic 
cardiovascular disease, BMI Body mass index, FBG Fasting blood glucose, T.C 
Total cholesterol, LDL-C Low-density lipoprotein cholesterol, HDL-C High-density 
lipoprotein cholesterol, TG Triglycerides
a Expressed as mean and SD

Variable Median (IQR) Intervention (n = 192) Control (n = 196)

Age at DM Diagnosisa 48.90 (± 9.50) 50.10 (± 9.27)

DM Duration (IQR) 5 (3.00–10.00) 6 (2.00–11.00)

Systolic BP (mmHg) 144.84 (131.00–158.30) 137.50 (127.45–149.50)

Diastolic BP (mmHg) 87.00 (80.64–95.84) 84.85 (78.50–91.00)

HBA1C (%) 8.90 (6.90–11.30) 8.10 (7.00–10.40)

ASCVD Score (%) 15.09 (9.44–22.43) 13.21 (8.68–19.44)

BMI (kg/m2) 28.90 (26.22–33.25) 29.40 (25.65–33.10)

FBG (mmol/l) 8.70 (6.50–11.70) 8.60 (6.70–11.25)

TC (mmol/l) 5.25 (4.55–6.23) 5.41 (4.70–6.40)

LDL (mmol/l) 3.41 (2.61–4.14) 3.58 (2.82–4.29)

HDL (mmol/l) 1.25 (1.07–1.48) 1.27 (1.09–1.58)

TG (mmol/l) 1.89 (1.32–2.53) 1.78 (1.31–2.74)
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In another study done in China to assess the effect of a 
6-month community-based intervention on 10-year CHD 
risk recruited from 2 communities, there was a 5 mmHg 
reduction in systolic blood pressure (t = 2.01, p = 0.47) 
in the intervention group [38]. The intervention in this 
study comprised group education and coaching sessions 
that were similar to our intervention. Nurse prescrip-
tion and algorithmic HT management in our study could 
explain the difference in the reduction in systolic blood 
pressure observed between the two studies. Furthermore, 
the different study sites, the profile of patients studied, 
and the CVD risk assessment tools used could underpin 
the difference in the magnitude of systolic blood pressure 
reduction. In the same Chinese study [38], there was a 
reduction in glucose (t = 2.49, p = 0.015), total cholesterol 
(t = 2.44, p = 0.017), body mass index (t = 2.58, p = 0.011), 
depression (t = 2.49, p = 0.043), and better health-related 
quality of life (t = 3.36, p = 0.01). Our trial showed similar 
observations in terms of glycemic control, but we didn’t 
observe any significant differences for total cholesterol, 
low-density lipoprotein cholesterol, high-density lipo-
protein cholesterol, triglycerides, or the body mass index. 
The reasons for this difference remain unclear.

Our trial showed significant between-group differences 
in ASCVD risk after intervention. This finding was simi-
lar to that demonstrated by Marco Aurellio Lumertz Saffi 
et al. in a study evaluating the effect of systematic nurse-
led individual lifestyle counseling sessions on the reduc-
tion of 10-year cardiovascular risk scores in patients 
with coronary artery disease. In the same study, there 
was a 13.6% reduction in the risk score in the interven-
tion group compared to an 11% increase in the control 

Table 3  Primary and other cardiovascular risk outcomes after 6 months of follow-up

SD Standard deviation, CI Confidence interval, ES Effect size, d Coyens, SBP Systolic blood pressure, DBP Diastolic blood pressure, ASCVD Atherosclerotic cardiovascular 
disease, HbA1c Glycated hemoglobin, FBG Fasting blood glucose, TC Total cholesterol, LDL Low-density lipoprotein cholesterol, HDL High-density lipoprotein 
cholesterol, TG Triglycerides, BMI Body mass index

Variable Mean Change ± SD Mean Difference (95% CI) P-value ES(d)

Intervention Control

Primary Outcome
  SBP (mmHg) -11.21 ± 16.02 2.54 ± 10.95 -13.75 (-16.48 to -11.02) < 0.001 0.85

Other CVD risk factors
  DBP (mmHg) -6.80 ± 9.48 0.40 ± 5.37 -7.20 (-8.87 to -5.48) < 0.001 0.68

  ASCVD score (%) -3.30 ± 6.78 1.43 ± 5.37 -4.73 (-5.95 to -3.51) 0.006 0.40

  HBA1C (%) -1.34 ± 2.30 -0.52 ± 2.47 -0.82 (-1.30 to -0.35) 0.001 0.12

  FBG (mmol/l) -0.20 ± 4.33 -0.21 ± 3.66 0.01 (-0.79 to 0.81) 0.988 0.23

  TC (mmol/l) -0.64 ± 1.00 -0.58 ± 0.91 -0.06 (-0.31 to 0.07) 0.221 0.20

  LDL-c (mmol/l) -0.51 ± 0.99 -0.43 ± 0.83 -0.08 (-0.26 to 0.10) 0.387 0.23

  HDL-c (mmol/l) -0.12 ± 0.32 -0.09 ± 0.35 -0.03 (-0.09 to 0.04) 0.453 0.06

  TGs (mmol/l) -0.21 ± 1.20 -0.18 ± 0.94 -0.03 (-0.25 to 0.18) 0.776 0.14

  BMI (Kg/M2 -0.02 ± 3.72 -0.40 ± 2.54 0.38 (-0.25 to 1.02) 0.236 0.15

Table 4  Absolute differences in the number of participants who 
were at target after 6 months

SBP Systolic blood pressure, DBP Diastolic blood pressure, TC Total cholesterol, 
LDL Low-density lipoprotein cholesterol, FBG Fasting blood glucose, TG 
Triglycerides, HbA1c Glycated hemoglobin, BMI Body mass index

Variable Baseline After 6 months Absolute 
difference

P-value
n (%) n (%)

SBP < 140 mmHg

  Intervention 79 (42.50) 134 (56.30) 55.00

  Control 107 (57.50) 104 (43.70) -3.00 0.001

DBP < 90 mmHg

  Intervention 111 (44.80) 158 (53.70) 47.00

  Control 137 (55.20) 136 (46.30) -1.00 0.003

TC < 5.2 mmol/l

  Intervention 86 (55.80) 130 (54.90) 44.00

  Control 68 (44.20) 107 (45.10) 39.00 0.008

LDL < 2.56 mmol/l

  Intervention 45 (53.10) 67 (56.80) 22.00

  Control 38 (46.90) 51 (43.20) 13.00 0.057

TGs < 1.685 mmol/l

  Intervention 76 (46.60) 96 (56.10) 20.00

  Control 87 (53.40) 75 (43.90) -12.00 0.290

FBG < 7 mmol/l

  Intervention 62 (53.00) 51 (43.60) -11.00

  Control 55 (47.00) 66 (56.40) 11.00 0.127

HbA1c < 7%

  Intervention 50 (52.10) 77 (51.70) 27.00

  Control 46 (47.90) 72 (48.30) 26.00 0.495

BMI < 25 kg/m2

  Intervention 37 (48.10) 33 (44.00) -4.00

  Control 40 (51.90) 42 (56.00) 2.00 0.290
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group in this secondary prevention study [39]. Despite 
the use of different CVD risk scores (Pooled Cohorts Risk 
Equations in our study and Framingham risk score in the 
Brazilian study), the similarity between the intervention 
components of these two studies is worth noting. Both 
studies involved individual counseling and telephone 
contacts over their study periods. These interventions 
motivated patients and established stronger bonds with 
the patients, leading to good clinical outcomes in both 
studies.

In a Ghanaian study, a nurse-led management strat-
egy among patients with uncontrolled hypertension 
led to a greater decrease in systolic blood pressure of 
-20.4  mmHg than health insurance alone -16.8  mmHg, 
with a net difference in reduction of 3.6 mmHg (p = 0.21) 
at 12 months [10]. A reduction in systolic blood pressure 
was maintained in each group a year post-intervention. 
This is a fundamental difference between this study and 
ours; we didn’t do post-intervention follow-up to exam-
ine whether the effect was maintained. In our study, sys-
tolic blood pressure increased in the control group, yet 
there was a reduction of 16 mmHg in the Ghana study. 
This is attributed to the fact that there was more compre-
hensive care in the Health Insurance scheme than in our 
usual care, where patients missed clinic visits, laboratory 
tests, and medicine due to limitations of funds and fre-
quent stock outs [37]. Whereas our study was conducted 
among people living with T2D with elevated ASCVD, 
participants in the Ghanaian study had uncontrolled 
hypertension (mean BP = 155.9/89.6  mmHg), with CVD 
risk estimation conducted only in the intervention group. 
The high mean blood pressure could explain the higher 
reduction in systolic blood pressure. Patients with higher 
baseline blood pressure tend to have greater reductions 
in their blood pressure than those with lower values [40]. 
The strengths of both studies are that they were con-
ducted in real clinical practice, making it easy for them to 
be replicated in their respective countries. However, they 
were both limited by the lack of cost-effective analysis of 
the intervention before they could be used to influence 
policy change.

In sub-Saharan East Africa, the prevalence of hyperten-
sion has ranged from 26 to 30%, and only 18% of people 
with hypertension receive treatment. Control is achieved 
by only 7% of individuals [19]. In patients with type 2 
diabetes, control of hypertension is inadequate, with less 
than 12% achieving optimal targets, hence increasing 
the risk of premature cardiovascular disease [29]. One of 
the causes of inadequate control of hypertension in T2D 
patients is the lack of adequate doctors [19, 37].

One of the pragmatic models that have been imple-
mented to mitigate the shortage of doctors is task-shifting 

the role of hypertension screening and management to 
nurses [16].

Our study showed a nurse-led intervention signifi-
cantly reduces systolic blood pressure and ASCVD risk, 
underscoring the utility of task shifting as a potential 
strategy for control of HT and ASCVD among patients 
with T2D. Task shifting is defined as giving a task nor-
mally performed by a physician to a health worker with 
a different or lower level of education and training [16]. 
In poor resource settings, if task shifting is not done, 
there is inadequate care as health systems are chal-
lenged by the growing health workforce shortage and 
imbalance in distribution [16].

A nurse has been at the center of task shifting in 
chronic disease care like hypertension, diabetes, and 
cardiovascular disease [19] because she is readily avail-
able, spends most time with the patient, and is regu-
larly involved in the provision of lifestyle change health 
education.

Several community-based programs in Sub-Saharan 
Africa have shown that nurse-led interventions for the 
management of hypertension have resulted in a reduc-
tion of systolic blood pressure [41–43]. The limitations 
of these programs compared to our study have been the 
lack of a comparator and low retention rates of 42%, 
which could have caused a systematic bias in BP assess-
ment during follow-up and ‘regression’ to the mean. 
In our trial, the loss to follow-up was only 9.8%, which 
could probably have been due to medicine incentives, 
improved patient-nurse relationships, and mobiliza-
tion through peer leaders. Another limitation of these 
programs is that they didn’t assess other risk factors 
such as dyslipidemia and blood glucose except for one 
in Cameroon, which showed a significant downward 
trend in fasting blood glucose [44]. Nonetheless, find-
ings from these programs further underpin the utility 
of nurse-led interventions in the management of hyper-
tension in the community.

In one systematic review and meta-analysis of nurse-
led interventions to improve control of blood pressure 
in people with hypertension, interventions that included 
stepped treatment algorithm showed greater reduc-
tion in systolic blood pressure weighted mean difference 
-8.2 mmHg 95 CI-11.5 to -4.9, nurse prescribing showed 
greater reduction in blood pressure(systolic blood pres-
sure -8.9 mmHg 95% C1-12.5 to -5.3 and diastolic blood 
pressure-4.00 mmHg,95CI -5.3 to-2.7), telephone moni-
toring showed higher achievement of blood pressure 
targets(relative risk 1.24,95% CI 1.08 to 1.43), commu-
nity monitoring yielded a weighted mean difference 
of systolic blood pressure of -4.8 mmHg 95% CI -7.0 to 
-2.7 and diastolic -3.5  mmHg 95% CI -4.5 to -2.5) [12]. 
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In our trial, there was a bigger decrease in systolic blood 
pressure, probably because our intervention consisted of 
multiple components that were described in the system-
atic review and meta-analysis. However, it is difficult to 
discern the effect of each component in our trial.

The above-mentioned evidence of nurse-led interven-
tions in the management of hypertension and other non-
communicable diseases was collaborated on by Katende 
G. et  al. in their integrative review of the best available 
evidence for effective nurse-led care interventions in 
managing hypertension and other non-communicable 
diseases [37].

To the best of our knowledge, this is the first clinical 
trial to investigate the effect of a nurse-led intervention 
on systolic blood pressure and cardiovascular disease risk 
among patients with type 2 diabetes in Uganda, and we 
showed that nurse-led intervention is effective in reduc-
ing systolic blood pressure and ASCVD risk among 
patients with T2D with a high ASCVD risk. Our find-
ings can be used in discussions pertaining to change in 
the policy of shifting the task of screening and treating 
hypertension and ASCVD among T2D patients from 
doctors to nurses if cost-effective analysis shows the 
financial feasibility of this intervention.

Limitations of the study
Our study has the following limitations:

i) We did not carry out a cost-effective analysis of the 
intervention or a post-trial assessment to check for 
maintenance of the effect of our intervention. ii) We 
used Pooled Cohorts Risks Equations (PCEs) to estimate 
ASCVD risk. The PCEs have not been validated in our 
population. Moreover, it is not a diabetes-specific calcu-
lator, though it can accurately estimate the ASCVD risk 
in this population.

Conclusion
This prospective cluster randomized trial showed that 
a nurse-led intervention significantly reduced systolic 
blood pressure and ASCVD risk among patients with 
T2D. Our findings underpin the need to shift the role of 
screening and management of hypertension and ASCVD 
from doctors to nurses as a pragmatic approach to pri-
mary CVD management if a cost-effective analysis of the 
intervention is feasible.
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