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Résumé 
Contexte & objectifs. Handicap majeur à la mise 
en condition opérationnelle des troupes, 
l’hypertension nécessite des approches innovantes 
pour sa prévention et contrôle. L’objectif de la 
présente étude était d’évaluer l’impact de l’activité 
physique adaptée (APA) sur la pression artérielle 
(PA) et le contrôle de l’hypertension chez les 
militaires sédentaires de la garnison de Kinshasa. 
Méthodes. Essai contrôlé randomisé, ouvert et 
parallèle, réalisé au Camp Lt-Colonel Kokolo 
(CVEC) de juin 2016 à octobre 2017 chez des 
militaires sédentaires (57,6 % hypertendus) 
affectés pendant 8 semaines au groupe APA 
(n=119) ou au groupe contrôle (n=110). La 
procédure de randomisation a utilisé des blocs 
permutés de quatre participants consécutifs. 
Résultats. A la dernière visite disponible chez 226 
participants (119 contre 107), la différence de PA 
ajustée aux valeurs initiales entre les groupes actif 
et témoin selon le principe d’intention de traiter 
était de 5,1 (IC à 95 % 1,2 -10,8) vs 3,0 (0,1-6,9) 
mmHg plus faible dans le groupe actif. L'effet de 
l'APA était également significatif dans les 
catégories de participants prédéfinies en fonction 
de l'âge, du grade militaire et de l'hypertension. 
Parmi 129 hypertendus traités analysés (68 contre 
61), le taux de contrôle de la TA est resté inchangé 
dans le groupe témoin (43,8 à 44,3 %) mais a 
augmenté (43,5 % à 85,3 %) dans le groupe actif, 
soit une différence entre les groupes de 40,7 (32,2; 
49,2) %. La probabilité d'obtenir un contrôle de 
l'hypertension était plus élevée (HR: 3,38 [IC à 95 
%: 1,48; 4,84] dans le groupe actif. L'analyse PP 
de 122 soldats (80 contre 42) avec des données à 
toutes les visites programmées a donné des 
résultats confirmatifs pour la réduction de la PA et 
pour le contrôle de l'hypertension par l'APA. Les 
modifications de la PA étaient positivement 
corrélées aux réductions concomitantes de la 
fréquence cardiaque.  

Context and objective. Major handicap for operational 
conditioning of troops, hypertension requires innovative 
approaches for its prevention and management. The present 
study aimed to evaluate the impact of adapted physical 
activity (APA) on BP level of sedentary soldiers from 
Kinshasa garrison and the rate of hypertension control in 
those with high BP. Methods. Open, parallel randomized 
controlled trial carried out at Camp Lt-Colonel Kokolo 
(CVEC) from June 2016 to October 2017) in sedentary 
soldiers (57.6 %, hypertensives) allocated for 8 weeks to 
APA (n=119) or control (n=110). The randomization 
procedure used permuted blocks of four consecutive 
participants. The outcomes were baseline-adjusted between-
group difference in BP level (all participants), in rate of BP 
control among hypertensives. Results. At the last available 
visit in 226 participants (119 vs 107), the baseline-adjusted 
BP difference between active and control group by intention-
to-treat was 5.1 (95 % CI 1.2 -10.8)/3.0 (0.1-6.9) mmHg 
lower in the active group. The effect of APA was also 
significant across pre-specified categories of participants 
based on age, officers’ rank, and hypertension status. Among 
129 analyzed drug treated hypertensives (68 vs 61), the rate 
of BP control remained unchanged in the control group (43.8 
to 44.3%) but increased (43.5% to 85.3 %) in the active 
group yielding a baseline-adjusted between group difference 
of 40.7 (32.2; 49.2) %. The probability to achieve 
hypertension control was greater (HR: 3.38 [95% CI: 1.48-
4.84] in the active group. PP analysis of 122 soldiers (80 vs 
42) with data at all scheduled visits yielded confirmatory 
results for BP reduction and for hypertension control by 
APA. The changes in BP were positively correlated with 
concomitant reductions in heart rate. Conclusion. Exercise 
training induced a significant BP reduction in sedentary 
militaries and improved the control rate among those with 
drug treated hypertension. 
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Conclusion. L'entraînement physique a induit une 
réduction significative de la PA chez les militaires 
sédentaires et a amélioré le taux de contrôle chez 
les personnes souffrant d'hypertension traitée par 
des médicaments. 
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Introduction  

Due to its association with serious clinical conditions 
such as stroke, ischemic heart disease and end-stage 
chronic kidney disease (1), hypertension is the main 
cause of morbidity and mortality in the world (2). 
Moreover, its prevalence is increasing (3-4) despite 
clear recommendations formulated by expert societies 
for its prevention and management (5).  
In the military profession, the cardiovascular system is 
the most stressed of all the systems of the human 
organism. Blood pressure (BP) is the main target and 
hypertension the main result with its complications and 
its harmful consequences, both physical and socio-
professional, in combatants (6). 
Thus, the professional environment of the military 
represents an excellent locus for the study of 
cardiovascular health through, in particular, 
intervention programs aimed at preventing chronic 
diseases (7). 
The American Heart Association advocates adapted 
physical activity (APA) as key element in the definition 
of cardiovascular health (8). Physical inactivity is an 
acknowledged risk factor for cardiovascular morbidity 
and mortality, including by hypertension (1). Thus, any 
cardiovascular disease prevention program should 
assess the physical activity of subjects. 
No study has been conducted on APA among the 
militaries from the Armed Forces of the Democratic 
Republic of the Congo which are in quasi-permanent 
campaign. The present intervention study was therefore 
undertaken to assess whether an APA training program 
would impact BP level of sedentary militaries from the 
Kinshasa garrison and improve hypertension control 
among those with high BP. 

Methods 
Trial design, setting and population 
Open, parallel randomized controlled trial was carried 
out at the Cardiovascular Exploration Center (CVEC) 
of Camp Lt-Colonel Kokolo at Kinshasa between June 
2016 and October 2017. 
Eligible population consisted of active status sedentary 
militaries not involved in any kind of leisure time or 
competition sport, resident in Kinshasa and aged 20 to 
75 years. Enrolment by informed consent was recorded 
in writing with freedom to withdraw without constraint. 
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Selection criteria 
Criteria for non-inclusion were serious illnesses 
such as chronic renal, hepatic, respiratory or 
cardiac insufficiency, or end-stage neoplastic 
condition and pregnancy for women. A steering 
Committee at CVEC) randomly assigned the 229 
eligible participants either to the intervention 
(n=119) or the control (n=110) arm using 
permuted blocks of four consecutive soldiers. 

Intervention and outcomes 
Participants in the intervention arm (active 
group) underwent 8-week adapted physical 
activity (APA) training that consisted of a 50-
minute walking session on flat ground three 
mornings a week on odd (Monday, Wednesday, 
Friday) or even days (Tuesday, Thursday, 
Saturday) of the week. The control group was 
invited to a leisure seated game of checkers or 
cards at the edge of the same field, during a 
similar period and at the same weekly frequency. 
At the beginning of each session, BP and HR 
were measured in all participants. Three 
consecutive BP measurements one minute apart 
were obtained in sitting position using an Omron 
model M3 electronic BP monitor with suitable 
cuff secured on the left arm, the military having 
observed a 5-minute rest before the first 
measurement. HR was recorded at the same time 
as BP. The mean of these three measurements 
was used in the analysis. Demographic (gender, 
age) and professional information (military rank) 
and history of hypertension were obtained at the 
screening visit. Eligible soldiers with confirmed 
hypertension (SBP ≥140 mmHg and/or DBP ≥ 
90 mmHg or use of antihypertensive treatment) 
(9) were given amlodipine 5-10 mg and/or 
hydrochlorothiazide 12.5-25 mg for at least 4 
weeks prior to randomization. This drug 
treatment was maintained throughout the follow 
up. 
The primary outcome was the baseline-adjusted 
between-group difference in BP level for all 
participants and baseline-adjusted between group 
difference in the rate of BP control among the 
hypertensive participants. The secondary study 
outcome was time to BP control in these under 

drug treatment hypertensive individuals. 
Hypertension control was SBP< 140 mmHg and 
DBP< 90 mmHg. In order to demonstrate a 5 
mm Hg difference in systolic BP (s.d.: 12 mm 
Hg) with a two-sided P of 0.01 and 90 % power, 
at least 180 randomized subjects, 90 per group, 
were required.  

Statistical analyses 
Data were compiled into an Excel 2010 database 
of weekly BP and HR monitoring. The results 
were presented as means (± standard deviation), 
medians (interquartile range) and proportions 
(%) as appropriate. Two analyses of the data 
were performed. The main analysis applied the 
intention-to-treat (ITT) principle including all 
randomized participants with at least one follow-
up visit available (Primary analysis). As 
sensitivity analysis the per-protocol (PP) 
principle only included subjects with data at 
each scheduled visit. For ITT analysis we 
considered the baseline-adjusted between group 
differences in BP and HR at the last available 
visit for each randomized participant. For the PP 
analysis the baseline-adjusted between group 
differences at scheduled endline data are 
considered. Student's t-test, Mann-Whitney U-
test, and Pearson's chi-square or Fischer's exact 
test were performed, respectively, to compare 
means, medians, and proportions in the two 
study groups. The effects of physical activity on 
continuous variables were evaluated using a 
mixed model analysis of variance with baseline 
BP or HR as fixed effects and the weekly day 
sequence as a random effect. For the Kaplan-
Meier survival function estimating the 
probability of reaching the target BP in 
hypertensive participants, the comparison of the 
two groups used the log-rank test. Cox 
regression was used to compare the probability 
of achieving hypertension control. The statistical 
significance threshold was p< 0.05. Statistics 
were performed using IBM SPSS for Windows 
software version 24. 
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Results 
Participant characteristics 
Figure 1 illustrates the flow of participants in the present study where, of the 229 randomized soldiers, 
122 (53.3 %) rigorously complied with the protocol; 107 (46.7 %) withdrew from the study, including 3 
hypertensives (1.2 %) who did not show-up after randomization. The reasons why these soldiers 
prematurely left the study are mentioned. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Screened  
(n = 244) 

Enrolled 
(n = 236) 

Randomizez
(n = 229) 

Active group 
Physical activity

(n = 119)

Control group 
At rest 

(n = 110) 

42 follow-up in the cohort 
68 withdrawls 

- 12 withdrawals 
- 26 service transfer 
- 9 trips out of the town 
- 5 withdrawals by consent 
- 11 lost to follow-up 

80 follow-up in the cohort 
39 withdrawls 

- 8 withdrawals 
- 14 service transfer 
- 8 trips out of the town 
- 3 withdrawals by consent 
- 6 lost to follow-up 

Figure 1. Participant flowchart 

Table 1 compares the baseline characteristics of the control group and the active group for all 
randomized soldiers and for those with data at all scheduled visits (Cohort). For all the randomized 
soldiers, a significant difference between the two groups was observed for the mean age and heart rate. 
For the cohort, no difference between the two groups was significant. Supplementary Table S1 indicates 
soldiers who withdrew from the study had general characteristics similar to all randomized participants 
with regards to age, military rank and proportion of hypertensive participants. 

Table 1. Baseline clinical characteristics of participants at randomization by type of analysis 
 

ITT principle all randomized 
participants 

PP¨ principle cohort seen at all scheduled 
visits 

Variable 
Control group  
n=110 

Active group 
n=119 

P 

 

Control group  
n=42 

Active group 
n=80 

p 

-Age  (years)   0.052    0.558 
< 50  33 (30.0) 49 (41.2)   15 (35.7) 29 (36.3)  
≥ 50  77 (70.0) 70 (58.8)   27(64.3) 51 (63.8)  

Officer rank   0.085    0.284 
Juniors 66 (60.0) 57 (47.9)   23 (54.8) 38 (47.5)  
Seniors 44 (40.0) 62 (52.1)   19 (45.2) 52 (52.5)  

Hypertension   0.541    0.401 
No 46 (41.8) 50 (42.0)   14 (33.3) 30 (37.5)  
Yes  64 (58.2) 68 (58.0)   28 (66.7) 50 (62.5)  

Age mean (years) 54.4 ± 8.3 51.9 ± 9.4 0.038  52.6 ± 8.1 52.4 ± 9.7 0.884 
SBP (mmHg) 133.9 ±18.5 132.9±18.0 0.683  132.9±24.9 132.6±20.2 0.933 
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ITT principle all randomized 
participants 

PP¨ principle cohort seen at all scheduled 
visits 

Variable 
Control group  
n=110 

Active group 
n=119 

P 

 

Control group  
n=42 

Active group 
n=80 

p 

DBP (mmHg) 83.9±11.3 82.3±10.6 0.276  83.9±15.9 82.2±11.5 0.490 
HR (batt/min) 73.4±11.0 79.6±11.1 0.001  74.6±14.1 78.5±11.2 0.100 
Follow-up time 
(Weeks) 

6 (4-8) 8 (6-8) 0.001  8 (7-8) 8 (7-8) 1.000 

 
ITT= intention-to-treat principle and PP = per protocol analysis principle. SBP= Systolic blood pressure; DBP= 
diastolic blood pressure; HR= heart rate 

The duration of follow-up (median [IQR]) for all randomized participants was longer (p< 0.001) in the 
active group (8 [6-8] weeks) than in the control group (6 [4-8] weeks). It was similar in the two studies 
groups for the cohort. 

Blood pressure and heart rate during follow-up 
Figure 2 depicts SBP, DBP and HR (mean ± SE) during follow-up in the active and control groups for 
all randomized participants (Left) and for the cohort participants (Right). After randomization, SBP, 
DBP and HR significantly decreased in both groups for all randomized soldiers as well as for those in 
the cohort; the decrease being greater in the active group 

 
Figure 2. SBP, DBP and HR during follow-up for the active group (red) and the control group (blue). The left 
panel concerns all the randomized subjects. The number of participants at each follow-up week is shown. The 
right panel concerns the cohort of participants with data at each week of follow-up. The bars represent the mean ± 
standard error. *= p<0.05; **= p<0.01 for between group comparison 
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Changes in blood pressure and heart rate 
Table 2 summarizes the changes in BP and HR and the between group differences according to ITT 
principle in 226 participants seen at least once after randomization (Control group 107; Active group 
119). At the last available visit, the decrease in DBP was the only significant in participants assigned to 
control group whilst in the active group, SBP, DBP and HR were significantly reduced. The between 
group differences in the reduction of SBP, DBP and HR were significant and amounted respectively to -
5.1(-10.8; -1.2) mmHg, -3.0(-6.9; -0.1) mmHg and -2.5(-8.2; -0.2) beats/min. When the mean of all 
available measurements was considered instead of the last available visit values, the baseline-adjusted 
between group difference in HR variations was the only significant. Per-protocol analysis of 122 
participants (Control group 42; Active group 80) with data at all scheduled visits during follow up was 
confirmatory of the ITT analysis.  

Table 2. Changes in BP and HR and between group differences by ITT analysis in 226 participants seen at 
least once after randomization 
 

 ITT analysis ITT analysis 

 SBP, mmHg DBP, mmHg HR, b/min SBP, mmHg DBP, mmHg HR, b/min 

Baseline value 133.9±18.5 83.9±11.3 73.4±11.0 133.9±18.5 83.9±11.3 73.4±11.0 

Last available 
visit value 

122.2±11.6 71.1±9.6 69.8±10.7 128.4±12.2 78.4±7.8 69.5±6.4 

Within group 
difference 

-11.7±3.3 -12.8±1.5 -3.6±1.7 -5.5±11.8 -5.9±7.7 -3.9±9.9 

p-value 0.088 0.046 0.294 0.012 <0.001 0.063 

Baseline value 132.9±18.0 82.4±7.6 79.6±11.1 132.9±18.0 82.4±7.6 79.6±11.1 

Last available 
visit value 

116.5±9.6 66.5±7.6 60.6±10.6 126.4±8.6 75.6±5.4 69.1±8.1 

Within group 
difference 

-16.8±8.7 -15.8±3.0 -6.1±2.8 -6.5±12.3 -6.8±7.9 -10.5±9.7 

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Value (95% CI) 
-5.1  

(-10.8; -1.2) 
-3.0  

(-6.9; -0.1) 
-2.5  

(-8.2; -0.2) 
-1.0  

(-1.5; +0.5) 
-0.9  

(-1.1; +0.7) 
-6.6  

(-6.8; -6.4) 

p-value 0.015 0.042 0.041 0.966 0.134 0.001 
 
Values are expressed as mean ± standard deviation 
 
Figure 3. illustrates the changes in BP and HR at the last available visit for 226 originally randomized soldiers 
(Left) and for the 122 soldiers with data at all weeks of follow-up (Right) 
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Figure 3. Differences (mean ± standard deviation) in SBP, DBP and HR between the values at the last available 
visit and baseline average in the active group (Red) and the control group (Blue) for all randomized participants 
(Left) and between endline visit and baseline for those with data at all scheduled visits (Right). The indicated p 
values refer to between groups’ comparisons. NS= not significant; *=p<0.05; *** = p<0.001 for within group 
comparison 

Determinants of blood pressure changes 
Figure 4 illustrates positive correlations between changes in BP and concomitant variations in HR 
observed at the last available follow-up visit in all of the randomized soldiers and in the active or the 
control group considered separately. The correlation suggests that the decrease in BP was all the more 
important as that of HR was great. 

 
 r (SBP) p-value (SBP) r (DBP) p-value (DBP) 
All the militaries 0.466 <0.001 0.474 <0.001 
Control group  0.455 <0.001 0.458 <0.001 
Active group  0.493 <0.001 0.580 <0.001 
Figure 4. Significant positive correlation between the fall in SBP (left) and DBP (right) and that of HR, for all the 
randomized subjects (Black), and for active (Red) and control (Blue) group considered separately 
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Table 3 compares the reduction in BP and HR observed at the last available visit in various pre-
specified categories among 226 randomized participants (107 control group; 119 active group) seen at 
least once during follow up (ITT analysis). The between group difference was significant in participants 
<50 years, in senior officers and in hypertensive participants for SBP and DBP; it was also significant 
for HR in the < 50 years, the junior and senior officers, and in non-hypertensive individuals. Endline 
observations among 122 participants (42 control group; 80 active group) with data at all scheduled visits 
(PP analysis) showed similar trends.  

Table 3. Difference in blood pressure and HR changes in various categories of participants  
 

ITT principle 
Catégorie Variable Control group  

(n=107) 
Active group 

(n=119) 
Between group 

difference   (95%CI) 
p 

Age (years)      
< 50 ΔSBP. mmHg -8.3±16.7 -17.7±14.4 -9.4 (-13.1; -7.9) 0.008 

 ΔDBP. mmHg -10.8±11.4 -17.4±11.9 -6.6 (-10.5; -2.1) 0.015 
 ΔHR. beat/min -18.7±13.3 -24.8±11.3 -6.1 (-10.2; -2.5) 0.033 

≥ 50 ΔSBP. mmHg -12.0±14.5 -15.5±19.0 -3.5 (-6.9; 1.2) 0.221 
 ΔDBP. mmHg -13.2±11.1 -14.8±10.8 -1.6 (-3.4; 0.3) 0.404 
 ΔHR. beat/min -21.2±13.1 -22.9±17.3 -1.7 (-5.1; 0.6) 0.112 
Officer rank      

Juniors ΔSBP. mmHg -10.6±17.2 -12.1±14.5 -1.5 (-3.3; 0.2) 0.602 
 ΔDBP. mmHg -12.4±12.0 -13.3±11.1 -0.9 (-1.8; 0.1) 0.666 
 ΔHR. beat/min -16.4±15.4 -22.3±12.3 -5.9 (-10.5; -3.4) 0.021 

Seniors ΔSBP. mmHg -8.9±16.3 -21.7±15.5 -12.8 (-14.2;-9.8) <0.001 
 ΔDBP. mmHg -11.3±11.3 -19.0±9.7 -7.7 (-11.2; -5.8) <0.001 
 ΔHR. beat/min -21.4±14.5 -25.7±14.1 -4.3 (-7.7; -1.9) 0.036 
Hypertension      

No ΔSBP. mmHg -2.8±13.5 -4.5±14.1 -1.7 (-3.3; 0.5) 0.547 

 ΔDBP. mmHg -6.6±12.3 -7.8±11.4 -1.2 (-1.9; 0.1) 0.935 

 ΔHR. beat/min -6.3±12.4 -9.3±13.2 -3.0 (-5.2; -1.3) 0.027 

Yes ΔSBP. mmHg -10.9±16.5 -19.2±18.8 -8.3 (-11.7; -3.3) 0.005 

 ΔDBP. mmHg -11.7±11.0 -17.3±10.5 -5.6 (-9.4; -3.6) 0.003 

 ΔHR. beat/min -20.9±16.6 -24.6±13.0 -3.7 (-6.3; 1.5) 0.158 

 
PP analysis 

Catégorie Variable Control group (n=40) Active group (n=82) Between group 
difference (95%CI) 

p 

Age (years)      

< 50 ΔSBP. mmHg -10.1±22.9 -21.3±12.9 -11.2 (-13.1; -6.2) 0.044 

 ΔDBP. mmHg -12.2±15.1 -20.3±10.0 -8.1 (-11.8; -5.4) 0.038 

 ΔHR. beat/min -21.6±13.9 -22.8±8.6 -1.2 (-4.3; 0.3) 0.170 

≥ 50 ΔSBP. mmHg -16.2±20.6 -17.1±16.1 -0.9 (-1.8; 0.1) 0.845 

 ΔDBP. mmHg -16.8±10.6 -19.1±10.0 -2.3 (-4.9; 1.2) 0.364 

 ΔHR. beat/min -18.9±16.9 -29.8±10.0 -10.9 (-13.2; -3.7) 0.003 

Officer rank      

Juniors ΔSBP. mmHg -12.3±19.2 -17.4±19.6 -5.1 (-7.2; 2.1) 0.328 

 ΔDBP. mmHg -15.6±11.8 -19.7±11.8 -4.1 (-6.3; 1.9) 0.192 

 ΔHR. beat/min -18.6±16.4 -27.5±10.6 -8.9 (-11.2; -5.4) 0.024 

Seniors ΔSBP. mmHg -11.2±17.8 -23.2±16.0 -12.0 (-13.9; -8.7) 0.011 

 ΔDBP. mmHg -12.9±12.3 -20.4±8.7 -7.5 (-11.8; -3.4) 0.009 

 ΔHR. beat/min -21.2±12.7 -30.0±12.8 -8.8 (-11.7; -6.8) 0.015 
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PP analysis 
Catégorie Variable Control group (n=40) Active group (n=82) Between group 

difference (95%CI) 
p 

Hypertension      

No ΔSBP. mmHg -2.8±19.5 -3.3±14.1 -0.5 (-3.1; 0.1) 0.921 

 ΔDBP. mmHg -6.9±9.3 -8.3±13.5 -1.4 (-2.3; 0.5) 0.708 

 ΔHR. beat/min -10.1±12.1 -15.7±14.3 -5.6 (-11.1; -3.8) 0.044 

Yes ΔSBP. mmHg -15.5±18.9 -20.9±20.0 -5.4 (-8.7; 3.9) 0.248 

 ΔDBP. mmHg -15.8±11.9 -18.8±11.2 -3.0 (-7.1; 1.2) 0.274 

 ΔHR. beat/min -21.7±15.7 -30.1±9.8 -8.4 (-11.8; -5.8) 0.013 

∆SBP, ∆DBP and ∆HR indicate the variation of SBP, DBP and HR within the group compared to the value at 
randomization. The between group differences (95% CI) are shown 

In multiple linear regression analysis (Table 4), the variation in HR and the active group emerged as the 
only independent determinants of the changes in SBP and DBP as well per ITT as per PP analysis. 
Physical activity was associated, respectively, with 7.8/5.0 mmHg (p<0.001) lower BP by ITT analysis 
and 9.0/4.84mmHg (p=0.006) lower BP by PP analysis.  

Table 4. Independent determinants of the change in SBP and DBP  
 

By ITT analysis  By PP analysis Variables 
β SE 95% CI p  β SE 95% CI p 

SBP          
(Intercept) 2.117 4.640 -12.0; 16.2 0.768  3.786 6.361 -18.9; 26.6 0.743 
Activity -7.841 1.254 -11.7; -4.02 <0.001  -9.052 1.789 -15.5; -2.6 0.006 
Hypertension -1.415 9.745 -5.2; 2.4 0.464  -2.704 0.467 -8.8; 3.5 0.384 
Officer rank -1.630 -0.044 -5.5; 2.3 0.409  -2.506 0.012 -8.6; 3.6 0.419 
Age 0.067 0.073 -0.15; 0.28 0.541  0.113 0.093 -0.22; 0.44 0.502 
ΔHR 0.570 0.213 0.44; 0.70 <0.001  0.658 0.061 0.44; 0.88 <0.001 
 R2 = 0.533 ; ** Random p<0.001  R2 = 0.520 ; **Random p<0.001 
DBP          
(Intercept) -5.820 3.980 -15.6; 3.9 0.240  -7.801 4.564 -21.9; 6.3 0.276 
Activity -5.003 1.076 -7.6; -2.4 <0.001  -4.838 1.284 -8.8; -0.9 0.017 
Hypertension 0.468 1.072 -2.2; 3.1 0.725  1.388 1.228 -2.4; 5.2 0.471 
Officer rank -0.685 1.093 -3.4; 1.9 0.614  0.266 1.227 -3.5; 4.1 0.890 
Age 0.066 0.060 -0.08; 0.21 0.381  0.022 0.066 0-.18; 0.23 0.835 
ΔHR 0.404 0.038 0.31; 0.50 <0.001  0.394  0.26; 0.53 <0.001 
 R2 = 0.530 ; **Random p<0.001  R2 = 0.475 ; ** Random p<0.001 
 
**Random p was obtained using a Hausman specification test to verify a hypothesis 
  

Hypertension control  
Of the 132 randomized hypertensive participants, 129 (Control group 61; Active group 68) were seen at 
least once during follow-up and were thus available for ITT analysis (Table 5). At randomization, the 
proportion of controlled hypertensive participants in the active group (43.5 %) and in the control group 
(43.8%) was similar (p=0.221). At the last available visit, hypertension control was achieved by 58 
(85.3%) patients in the active group and 27 (44.2%) patients in the control group. The baseline-adjusted 
between group difference in hypertension control amounted to 40.7 (95 % CI 32.2; 49.2) % higher in the 
active group. Table 5 also describes the rate of BP control in 77 hypertensive participants (Control 
group 28; Active group 49) with data at all scheduled follow up visits (PP analysis). The baseline-
adjusted between group difference in the rates of hypertension control at endline visit amounted to 
45.9(95% CI: 34.8; 57.0) %. 
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The between group differences in the rate of hypertension control were not significant in pre-specified 
subgroups based on age category or officers’ rank neither by ITT nor by PP analysis (data not shown).  

Table 5. Blood pressure control in hypertensive participants during follow up by ITT and PP analysis 
 

ITT Analysis 
BP not 

controlled 
BP 

controlled
PP Analysis 

BP not 
controlled 

BP 
controlled

Control 
group n=61 

At baseline 27 (56.2) 34 (43.8) Control group 
n=28 

At baseline 22 (78.6) 6 (21.4) 

 
At  last 
available visit 

34 (55.7) 27 (44.3) 
 

At  last 
available visit 

20 (71.4) 8 (28.6) 

 

Within group 
difference 
%(95% CI) 

0.5 (0.1; 2.3) 
 

Within group 
difference 
%(95% CI) 

7.2 (0.2;16.8) 

 p-value 0.970  p-value 0.538 
Active group 
n=68 

At baseline 38 (55.9) 30 (44.1) 
Active group 
n=49 

At baseline 33 (67.3) 17 (34.7) 

 

All last 
available visit 

10 (14.7) 58 (85.3) 
 

All last 
available visit 

6 (12.2) 43 (87.8) 

 

Within group 
difference 
%(95% CI) 

41.2 (28.8;53.6) 
 

Within group 
difference 
%(95% CI) 

53.1(39.1; 67.1) 

 p-value <0.001  p-value <0.001 

 

Between 
group 
difference % 
(95 % CI) 

40.7 (32.2;49.2) 

 

Between 
group 
difference % 
(95 % CI) 

45.9  (34.8;57.0) 

 

The median time interval from randomization to BP control was 4 (IQR: 1-5) weeks for the active group 
and 6 (IQR: 3–7) weeks for the control group (Figure 5; log- rank p<0.001). 

 
Figure 5. Kaplan-Meier survival function estimates for the probability of achieving BP control among all 
hypertensive militaries randomized (ITT principle) to the control group (n=61) or the active group (n=68). The 
control was a BP<140 mmHg systolic and <90 mmHg diastolic. P-value is for log-rank test significance 

The results of the hypertensive participants in the cohort (PP analysis) were confirmatory of the 
observations in all the randomized soldiers (Table 5; Supplementary Figure S1). 
In the Cox regression with adjustments applied for BP at randomization the probability of achieving 
hypertension control was 3.4 times greater for participants in the active than in the control group (HR 
3.38; 95% CI: 1.48-4.84; p< 0.001). 
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Discussion 

The present study evaluated the impact of an 
APA program on BP level among sedentary 
militaries of the Kinshasa garrison and on 
hypertension control among those with high 
blood pressure. According to ITT analysis the 
salient results reveal as primary outcome a 
reduction in BP significantly greater in the active 
group compared to the control group. Analyses 
of various participant categories based on age, 
military’s rank or presence of hypertension 
showed greater reduction of BP among 
participants assigned to the active intervention 
group. In hypertensive militaries allocated to 
exercise training a higher rate of and a greater 
probability with a shorter time to reaching BP 
control was also observed. The PP analysis of 
the participants who rigorously followed the 
study protocol was confirmatory of these results.  
The 8 week APA program resulted in baseline-
adjusted BP difference of 5.1/3.0 mmHg lower 
among sedentary soldiers assigned to the active 
intervention arm compared to the control group. 
The between group baseline-adjusted difference 
amounted to 4.3/2.0 mmHg when only those 
who strictly complied with the study protocol 
were considered. Observation of lower BP level 
in the presence or in response to regular physical 
activity is consistent with data from the 
literature. Indeed, large epidemiological surveys 
have often reported an inverse relationship 
between BP and usual physical activity level 
assessed by questionnaire or interview, or with 
measurements of the physical fitness of the 
individuals (10-11). In addition, exercise and 
physical fitness were inversely related to the 
later development of hypertension (11). Within a 
population, the difference in BP between the 
most and the least active subjects does not 
exceed 5 mmHg after adjustment for 
confounding factors such as age, anthropometric 
data and lifestyle (12). If maintained for a 
sufficient period, such a difference in BP could 
favorably affect cardiovascular mortality. At the 
population level, a 2 mmHg lower SBP leads to 
10 % reduction in stroke mortality and 7 % 
reduction in ischemic heart disease mortality 

(13); a 2 mmHg lower DBP is associated with 15 
% and 6 % reduction in the risk of coronary 
heart disease and stroke, respectively (14). 
However, such observational relationships do 
not make it possible to affirm a causality 
between BP and the level of physical activity of 
populations. There are many confounding factors 
that cannot be taken into account, such as self-
selection, genes for which adjustment is hardly 
possible (12). Hence, the importance of 
longitudinal interventions as in the present study. 
A meta-analysis of 72 randomized controlled 
trials with 105 study groups reported in response 
to endurance training program a lowering of 
resting BP of 3.0/2.4 mmHg after weighing for 
trained participants and adjustment for control 
groups (15). Endurance training also reduced 
daytime BP (-3.3/-3.5 mmHg) obtained by 24-
hour ambulatory measurement (12) and even BP 
measured during a stress test (- 7 mmHg for SBP 
for a drop in HR of 6 beats/min) (16). 
The between group difference in SBP in our 
study is of the same order as that in the 
observational surveys; it somewhat exceeds the 
weighed values reported above in the meta-
analyses, probably because our series consisted 
exclusively of black participants. The effect of 
race on exercise-induced lowering of BP was 
examined by Whelton SP et al. (17) in whites, 
blacks and Asians. The authors found, compared 
to whites, that Asians had a greater reduction in 
DBP and blacks a more marked reduction in 
SBP. 
The small size of the female participants in our 
series did not allow a separate analysis of the 
impact of physical training on BP according to 
gender. However, gender in the literature does 
not seem to exert significant influence (18-19). 
On the other hand, the reduction of BP in 
response to physical training in our soldiers 
showed certain variations depending on the 
slowing of HR, age and the presence of 
hypertension. In addition, the reduction in BP 
was found to be greater in senior than in junior 
officers. 
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Concomitantly with the decrease in BP, APA 
caused a drop in HR of 2.5 beats/min greater in 
all militaries randomized to the active group and 
of 7.7 beats/min for the soldiers in the cohort. A 
positive correlation was observed between the 
changes in these two hemodynamic parameters. 
When adjusting the reduction in BP for various 
variables in a multiple linear regression analysis, 
the reduction in HR and physical activity were 
the only independent determinants accounting 
for 53.3 % of the variation in SBP and 53 % in 
DBP of randomized participants. These 
observations indicate the lowering of BP was all 
the greater the more physical training had 
concomitantly slowed heart rate. They suggest 
that common mechanisms might underpin the 
two hemodynamic modifications.  
In militaries aged < 50 years, the APA induced a 
significant reduction in BP of 9.4/6.6 mmHg 
while the drop in BP only reached 3.5/1.6 
mmHg in older participants. The literature does 
not seem unanimous as to the influence of age 
on the effect of physical training on BP. 
Ishikawa K et al. (19) who subjected individuals 
of different ages to an 8-week APA found, like 
us, a more marked reduction in BP in subjects < 
50 years compared to those aged 50 to 69 years. 
Garrido ALM et al. (20) speculated that younger 
individuals might have done aerobic exercise 
more intensely than the older ones, even though 
the duration of the activity was the same. 
Another explanation could be that younger 
individuals do have less obesity indices (adipose 
tissue, BMI, etc.) which are inversely related to 
the reduction in BP (21). On the other hand, in 
their meta-analysis, Fagard R and Cornelissen V 
did not find any significant relationship between 
the net changes induced by training on BP at rest 
and the age of the subjects at baseline (15). BP 
decreased by 3.8 (1.8;5.8)/2.0 (0.6;3.5) mmHg in 
the 31 groups of participants with mean age < 40 
years, 2.3 (1.1;3.6)/2.1(1.2;2.9) mmHg for those 
aged 40-59, and 5.4 (2.8;8.1)/3.3(1. 8;4.8) 
mmHg in those aged 60y and over. 
Our results indicate a more pronounced BP 
reduction in response to APA among 
hypertensive [8.3(3.3;11.7)/5.6 (3.6;9 .4)] 
mmHg than normotensive militaries [1.7 (-

0.5;3.3)/1.2 (-0.1;1.9;)] mmHg. These results 
corroborate previous studies in which 
normotensives and hypertensives had been, as in 
our work, subjected to the same physical training 
program (22) and where the lowering of BP was 
more pronounced in hypertensives. On average, 
the weighed reduction in BP was 
13(11;15)/8(6;10) mmHg in hypertensives and 3 
(0.5;10)/2 (–1;5) mmHg in normotensive 
individuals (15). The observation was similar in 
the already mentioned meta-analysis of 72 
randomized trials where exercise training 
induced BP reduction was more marked in 30 
groups of hypertensive [6.9(4.6 ;9.1)/4.9(3.3;6.5) 
mmHg] than in 72 groups of normotensive 
subjects [2.0 (0.9;3.0)/1.6 (1.0;2.3) mmHg]. Our 
results therefore support the recommendations of 
regular physical exercise as a non-
pharmacological measure for the prevention and 
control of hypertension and cardiovascular 
diseases (5,9,23-24).  
The rate of hypertension control that was similar 
in both groups at randomization, remained 
unchanged at the last visit available during 
follow-up in the control group whilst it had 
practically doubled in the militaries allocated to 
the physical activity program by ITT analysis. 
The between group baseline-adjusted difference 
in hypertension control amounted to 40.7 %. The 
probability of hypertension control was 3.4 times 
greater with a shorter delay to reach the target 
BP (< 140/90 mmHg) in the active group 
participants. This benefit of physical training on 
hypertension control was not affected by age 
category or military rank. At the endline visit, 
the PP analysis in the militaries who complied 
with the protocol was confirmatory of these 
observations.  
With both ITT and PP analysis the effect of 
physical endurance training was found to be 
more pronounced in senior as compared to junior 
officers. The reason for this variance is unclear. 
It cannot be attributed to a greater proportion of 
hypertensives among the highest-ranking 
militaries because, as reported elsewhere, this 
proportion was similar in the present series (25). 
The ages of senior officers and junior officers 
were not compared. However, the active group 
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was younger with slightly more of senior 
officers. Finally, although the intensity of 
exercise was the same for all randomized 
soldiers, the total duration may not have been 
identical for all subgroups and it is not known to 
what extent this could have impacted the 
lowering of BP (26). 
The mechanisms accounting for the exercise 
training induced lowering of BP have not been 
investigated in the present study. It is known, 
however, that following a physical training 
program a resetting of the sympathetic system 
activity occurs as well as an improvement in the 
sensitivity of the baroreceptors with ensuing 
reduction in peripheral vascular resistance and, 
hence, a lowering in BP (20,27). The 
demonstration of a lower level of norepinephrine 
in trained subjects testifies such decrease in 
sympathetic tone (15,28). Endothelial changes 
induced by physical activity could also explain 
the increased sensitivity of baroreceptors (29) 
and may also be linked to the renin angiotensin 
aldosterone system. Félix et al showed that three 
months of exercise in spontaneously 
hypertensive rats was able to normalize high 
levels of angiotensinogen messenger RNA (30). 
The resulting decrease in ANG II and decrease 
in plasma renin may contribute to BP control 
(31). Urata et al found that individuals who had a 
reduction in plasma renin after physical training 
had a greater reduction in BP (32). M’Buyamba-
Kabangu et al. reported that the degree of 
training was associated with physical fitness and 
conversely with plasma renin activity (33). Thus, 
the main mechanisms responsible for the 
lowering of BP after exercise are the reduction in 
cardiac output and peripheral vascular resistance. 
The importance of each of these mechanisms 
could vary according to the individual profile of 
the hypertensive (20,34). 
This study has the merit of demonstrating the 
feasibility and effectiveness of an approach to 
the prevention and control of cardiovascular 
diseases among sedentary soldiers through a 
physical training program. The open design of 
the trial likely resulted in more frequent dropouts 
among participants consigned to rest. But overall 
the characteristics of the withdrawals and those 

who persevered in the study were similar, 
making it possible to extend the results to all of 
the randomized population for the proposed 
type, frequency and intensity of physical 
activity. Physical activity induced reduction in 
BP was less marked in normotensives but more 
pronounced in hypertensive participants, thus 
appropriate (with a probably favorable 
benefit/cost ratio) for secondary prevention. The 
response to medical treatment was not a main 
issue of the present trial where drugs used were 
the same in both study arms. BP reduction 
especially in the control arm might largely result 
from this antihypertensive treatment the 
adherence to which was unfortunately not 
assessed. Nevertheless, the significant changes 
from baseline BP and rate of hypertension 
control greater in the active arm do highlight the 
impact of exercise training. The proportion of 
women was marginal and could not allow a 
separate data analysis according to gender. In 
addition, cardiovascular risk factors that are 
common in the Congolese armed forces, such as 
overweight/obesity, lipid disorders and diabetes 
mellitus, were not taken into account in this 
evaluation of the effect of physical activity. 
Admittedly, the diet would not have an additive 
effect on physical activity (35), but we cannot 
affirm whether the participants had absolutely 
abstained from non-pharmacological measures 
such as sodium restriction and reduction of 
alcohol consumption. 
Nonetheless, by showing a significant BP 
decrease in sedentary soldiers, our results 
support the recommendation that endurance 
physical activity constitutes a cornerstone for the 
prevention and control of arterial hypertension.  
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