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Analysis using repeated data from a hospital registry in West
Africa
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Robert Darlin Mba, MD, PhD¢, Rémi Kaboré, MD, PhD!, Germain Mandi, MD¢, Désiré Lucien Dahourou, MD, PhD?,
Patrice Zabsonré, MD¢, Nicolas Méda, MD, PhD, HDR¢, Juste Goungounga, MD, PhDg"i*

Abstract

The proportion of poorly controlled hypertensives still remains high in the general African population. This is largely due?
therapeutic inertia (Tl), defined as the failure to intensify or modify treatment in a patient with poorly controlled blood pressure (BP).
The objective of this study was to identify the determinants of Tl. We conducted a retrospective cohort study from March 2012 to
February 2014 of hypertensive patients followed during 4 medical visits. The Tl score was the number of visits with Tl divided by the
number of visits where a therapeutic change was indicated. A random-effects logistic model was used to identify the determinants
of Tl. A total of 200 subjects were included, with a mean age of 57.98 years and 67% men. The Tl score was measured at 85.57%
(confidence interval [Cl] 95% = [82.41-88.92]). Measured individual heterogeneity was significantly significant (0.78). Three factors
were associated with treatment inertia, namely the number of antihypertensive drugs (odd ratios [OR] = 1.27; Cl = [1.02-1.58]),
the time between consultations (OR = 0.94; Cl = [0.91-0.97]), and treatment noncompliance (OR = 15.18; Cl = [3.13-73.70]). The
random-effects model performed better in predicting high-risk patients with Tl than the classical logistic model (P value < .001).
Our study showed a high Tl score in patients followed in cardiology in Burkina Faso. Reduction of the Tl score through targeted
interventions is necessary to better control hypertension in our cohort patients.

Abbreviations: AUC = area under the “ROC” curve, BP = blood pressure, CHUYO = Yalgado Ouedraogo teaching Hospital,

Cl = confidence interval, OR = odd ratios, ROC = receiver operator characteristic, Tl = therapeutic inertia.
Keywords: blood pressure variability, determinants, heterogeneity, hypertension, therapeutic inertia

1. Introduction

High blood pressure is responsible for significant cardiovas-
cular morbidity and mortality in many countries. Nearly 600
million people, or 20% of the adult population, are affected
worldwide. According to the World Health Organization, it is
responsible for 9.4 million deaths per year worldwide due to its
complications, 75% of which occur in developing countries.!!
And if strategies to control this disease are not put in place,
the number of hypertensive patients in the world will reach
1.56 billion in 20235, 2 thirds of which will be in developing
countries.?!
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Sub-Saharan Africa has high prevalence of hypertension
among adults aged 18 years and older, ranging from 16% to
40%.13! This prevalence of hypertension varies from country to
country and by area of residence.*! A prevalence of 16.9% of
the adult population aged 15 years and older has been reported
in Ethiopia®® compared with 36.7% in Ghana.l/ In urban areas,
the prevalence was 23% in Benin”! compared to 54.6% in
Ghana."® In rural areas, the prevalence was 14.6% in Ugandal”
and 44.5% in Nigeria.l'”!

In Burkina Faso, the 2013 STEPS survey showed that among
the population aged 25 to 64 years, the overall prevalence of
hypertension was 17.6%. It was 24.8% in urban areas and
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14.8% in rural areas.!'!?! In the studies of Soubeiga et al and
Yameogo et al prevalences of 18% and 29.6% were found
respectively.

Thus, all the recommendations insist on the importance of
managing hypertension and in particular on good control of
blood pressure (BP). However, achieving BP control is not at all
easy in practice. It remains insufficiently controlled according
to most of the data in the literature, especially in the African
population.l'>' The combination of multiple factors could
explain these results, among which, the therapeutic inertia
(TT) of practitioners has been identified as an important factor
that has not improved in recent years. By definition, TI in the
management of hypertension is the absence of intensification
or modification of antihypertensive treatment in a patient with
nonstandard BP figures.['*"'”) Unfortunately, in our setting, lit-
tle is known about the factors related to TI. Yet, if the inertia
rate were to be reduced from 85% to 70%, BP control could
increase from 46% to about 65% in 1 year."’! The BP figure
as well as the TI value varies at each visit. However, failure
to take into account the variability of these data may lead to
erroneous results, for example, an erroneous estimation of the
factors associated with this pathology. This can impact medical
decision making.

In this work, our objective is to determine the factors asso-
ciated with TT in hypertensive patients received in outpatient
cardiology consultation at the Yalgado Ouédraogo University
Hospital (CHUYO) between March 2012 and February 2014.

2. Materials and methods
2.1. Type of study and study population

We conducted a retrospective cohort study between March
2012 and February 2014 with patients followed up in outpa-
tient cardiology for hypertension who had at least 4 cardiology
visits spaced at least 1 month apart. Included in the study were
all patients seen in outpatient clinics for diagnosis of hyperten-
sion who were at least 15 years old. Patients who refused to give
consent were not included in the study.

2.2. Sampling

Sampling was exhaustive for all patients who were eligible
during the study period and who gave their consent. A data
collection form was filled out by us using information from
the patients’ health record and consultation registers. We
used a methodological approach that took into account the
repeated nature of the data. Indeed, longitudinal data allow us
to study the evolution of a biological or clinical response for
different individuals over time and the influence of the char-
acteristics of the subjects on this evolution. When analyzing
longitudinal data, the correlation and heterogeneity between
measurements of a characteristic from the same subject must
be considered.

2.3. Statistical analysis

The data processing and statistical analysis were done using R
software in its version 3.5.3. After cleaning and formatting the
data, we performed a descriptive analysis of the data. We calcu-
lated the frequency of TI, TI scores and justification of TI. We
have removed the subjects with missing data.

We then individually tested the association between each of
our clinical and sociodemographic characteristic variables with
TI using the random effects mixed logistic model, due to the
repeated structure of the data. Variables in which 1 modality
was statistically associated at the 30% threshold (P value = .3)
with TT were retained as potential candidates’ covariates for the
multivariate analysis.
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Finally, a final model was fitted with the variables retained
in the bivariate analysis. This was a random-effects mixed
logistic model by considering individual variability in BP
during visits. The Wald test was used to measure the signifi-
cance of the coefficients and were considered significant if the
P value was <.05. We also measured the correlation between
the explanatory variables. These results were compared to
those of a fixed-effects logistic model to measure the impact
of considering the individual heterogeneity of the different
repeated measures. We used the Akaike Information Criterion
to measure the quality of our mixed model compared to the
fixed effects logistic model.l'! We then calculated and com-
pared the area under the receiver operator characteristic
(ROC) curve (AUC) of these 2 models using the DeLong’s test,
in order to evaluate their predictive performance in terms of
prediction of the occurrence of TI for an individual, as a clini-
cal decision-making tool. We also used the accuracy of these 2
models, that is, the fraction of individuals correctly classified
with a high risk of TI, as well as their sensitivity and spec-
ificity values to assess their ability to discriminate between
subjects at high risk of TI. ROC curves and AUC were imple-
mented using the R package pROC.I"!

2.4. Ethical review

The director of the teaching university hospital CHUYO were
fully informed of the objectives and progress of the study. Oral
consent was sought and obtained from patients who still had
visits. The contact of the investigators and the ethics committee
were communicated to them. The confidentiality of each partic-
ipant was strictly respected. To this end, an anonymity number
was assigned to each participant. At the regulatory level, the
authorization of the medical commission of the teaching uni-
versity hospital CHUYO was requested and obtained before the
start of the data collection.

3. Results

3.1. Sociodemographic and clinical characteristics

A total of 200 patients were included in our study. We had
a total of 2 patients who declined to participate in the study.
Approximately 67% of the patients were women. The mean age
was 57.98 years with extremes of 23 and 99 years. Two thirds
of the patients lived in Ouagadougou (67.65%). The majority
of patients (63 %) were married and illiterate people represented
47% of patients (Table 1). Regarding clinical characteristics,
18% of patients were diabetic and 24% were obese. Stroke had
affected 17% of our subjects and congestive heart failure was
present in 8%. The mean number of molecules in our study was
2.2; 95% confidence interval (CI) = (2.07-2.32) with extremes
of 1 and 5 molecules. The mean duration of hypertension in our
study was 8.53 years; 95% CI = (7.70-9.37) with extremes of 1
and 34 years (Table 2).

3.2. Frequency and scores of Tl

The mean TI score or TI score of all consultations was 85.9%
CI = (82.41; 88.92) with variations from 80.56% to 90.47%.
The mean justification score or J score for all consultations
was 86% CI = (82.83; 89.74) with variations from 91.67% to
79.31% (Table 3).

3.3. Factors associated with Tl

Two determinants were associated with an increase in TI,
namely the number of antihypertensive drugs odd ratios
(OR) = 1.27 ({IC95% [1.02-1.58]}), and nonadherence to treat-
ment (OR = 15.18 {IC95% [3.13-73.70]}). Time between visits
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Distribution of hypertensive cardiology outpatients at CHUYO
between March 2012 and February 2014 by sociodemographic
characteristics.

www.md-journal.com

Measures of therapeutic inertia scores in the cardiology
outpatient hypertensive population at CHUYO between March
2012 and February 2014.

Features Numbers (N = 200) Percentage (%) Consultations Tl score (%) Cl (95%) J score (%) Cl (95%)
Gender Global 85.90 [82.41-88.92] 86.57 [82.83-89.74]
Male 134 67 Consultation 1 88.52 [81.49-93.58] 91.67 [84.76-96.11]
Female 66 33 Consultation 2 83.74 [76.01-89.77] 86.41 [78.24-92.36]
Age (yrs) Consultation 3 90.43 [83.52-95.12] 87.5 [79.57-93.17]
<25 2 1 Consultation 4 80.56 [71.82-87.54] 79.31 [69.28-87.25]
[25; 35] 4 2
[35: 45] 24 12 CHUYO = Yalgado Ouedraogo teaching Hospital, Cl = confidence interval, Tl = therapeutic inertia.
[45; 5] 47 235
2[22 69) gg 3?1’(_)5 was Fhe only determinant associated with decreased treatment
Average (standard deviation) 57.98 yrs (12.96) mertia, OR = 094 {IC95% [091—097]} (Table 4) The mea-
Place of residence sured correlation between the independent variables in the mul-
Ouaga 153 67.65 tivariate regression was low. All correlation coefficients were
Outside Ouaga 47 235 <30% (Table 3).
Marital status
Married 126 63
\éVidOng ??13 g% 3.4. Prediction of the occurrence of Tl
Sﬁ%ﬁg e 5 o5 ROC curve for predicting of the occurrence of TI with the
Level of education classical and the random-effects logistic regression model
lliterate 94 47 are shown in Figure 1. In terms of the AUC values the ran-
Primary 31 15.5 dom-effects logistic model performed significantly better than
Secondary 4 355 classical logistic model (AUC and their 95% CI: 82.4 [79.56;
Superior 4 2 85.23] vs 64.3 [60.51; 68.10]; P value < 2.2 e-16). The opti-
Profession mal cut points to predict TI were 0.49 versus 0.51 with accu-
Employee 74 37 racy of 0.75 (sensitivity = 76.62%; specificity = 74.62%)
Cultvator 16 8 versus 0.61 (sensitivity = 57.21%; specificity = 65.33%) for
housewife 84 42 A . .
Informal 26 13 the random-effects logistic and the classical logistic model

CHUYO = Yalgado Ouedraogo teaching Hospital.

Distribution according to clinical characteristics of hypertensive
outpatients in cardiology at CHUYO between March 2012 and
February 2014.

Features Numbers N = 200 Percentage (%)

Risk factors for cardiovascular

Diabetes 36 18
Alcohol 2 1
Tobacco 16 8
Sedentary lifestyle 14 7
Obesity 48 24
Dyslipidemia 25 12.5
Compliance with treatment 6 3
Complications of hypertension
Metabolic syndrome 8 4
Global heart failure 16 8
Myocardial infarction 6 3
Stroke 34 17
Renal failure 8 4
Number of antihypertensive drugs
Monotherapy 49 24.5
Dual therapy 80 40
Tritherapy 55 27.5
Quadritherapy and more 16 8
Evolution of hypertension
[0-5 yrs] 47 235
[6-10 yrs] 82 41
[10-15 yrs] 39 19.5
[15-20 yrs] 21 10.5
More than 20 yrs 11 5.5

CHUYO = Yalgado Ouedraogo teaching Hospital.

respectively.

4. Discussion

The objective of this study was to estimate the scores and iden-
tify the determinants of TI in patients followed up in outpatient
cardiology for hypertension who had at least 4 cardiology con-
sultations spaced at least 1 month apart in Burkina. The limit
of our study is the lack of collection of cardiovascular events
occurring during follow-up.

In our study, the TI score in hypertensive patients was 85.9%.
This score could be explained in our context by late initiation
of treatment. In many diseases, the earlier the treatment is initi-
ated, the higher the success of the treatment."”! This high score
confirms the high frequency mentioned above in our study and
implies at the same time a probable poor management of hyper-
tension in our context. Therefore, if there is a finding of TL, we
can expect a higher risk of complications related to the lack of
control of their hypertension. In addition to the consequences
for the patient, TI can have major consequences for society,
since hypertension concerns the dynamic fringe of the popu-
lation and the patients are in most cases heads of families.[*”!
This result seems to be very close to those of the literature,!'*2"!
respectively 86.9%, 84%, and 78%. We used the same defini-
tion of TI as these studies. However, our score was higher than
those of Guthrie et al (41%)?" and Pretorean et al (8.3%).1?!
These discrepancies may be explained by the use of different
definitions of the concept of TI. Our definition does not take
into account the “adapted rationale” explaining the absence of
therapeutic modification and BP thresholds adapted to comor-
bidities; this could explain a higher level of detection of TIs in
our study. It should be emphasized that the Pretorean et al study
took place in an expert center for hypertension and vascular
disease that is more sensitive to TI than elsewhere.

The literature?*? showed much lower TI justification scores
than our results (86.57%) of 37.7% and 59.4%, respectively.
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Table 4
Factors associated with therapeutic inertia after mixed random-effects logistic regression and a simple logistic regression.
Mixed Simple
Type of effect Variables (Reference) OR (CI) Pvalue OR (CI) Pvalue
Fixed Marital status (Married) 1 1
Concubinage 0.62 [0.26-1.48] 27 0.66 [0.34-1.27] 22
Fixed Single 0.47 [0.14-1.65] 24 0.50 [0.19-1.31] 16
Widower 0.76 [0.49-1.16] .20 0.79 [81.49-93.58] 15
Fixed Tobacco (No) 1.72 [0.84-3.46] 13 1.62[0.57-1.09] .09
Obesity (No) 0.69 [0.44-1.08] 10 0.72[0.93-2.77] .06
Fixed Heart failure (No) 1.52[0.74-3.16) 25 1.4310.51-1.02] .20
Duration of hypertension 0.98 [0.94-1.01] .16 0.98 [0.83-2.51] 1
Fixed Number of anti-hypertensive drugs 1.27 [1.02-1.58] .02 1.23 [1.05-1.46] .01
Time between consultations 0.94 [0.91-0.97] .001 0.94 [0.92-0.97] .001
Fixed Compliance with treatment (Yes) 1518 [3.13-73.70] .001 11.13 [2.53-49.40] .002
Random Consultation (individual variability) *0.78 (0.63)

AIC

1058.9

1072.2

AIC = Akaike information criterion, Cl = confidence interval, OR = odd ratios.
P value in bold: variables associated with IT; * variance (standard error)

The correlation measured in the multivariate analysis for the fixed-effects variables.

Variables Concubinage Single Widower Tobacco Obesity HF  Hypertension Anti-hypertensive drugs Medical appointment
Single 0.06

Widower 0.13 0.10

Tobacco -0.08 -0.09 0.09

Obesity -0.03 -0.009 0.02 0.03

Heart failure 0.03 -0.19 -0.124 0.009 0.04

Duration of hypertension 0.06 0.13 -0.16 -0.05 -0.11 0.05

Number of anti-hypertensives 0.09 -0.08 0.03 0.10 -0.11 -0.10 -0.15

Time between consultations 0.04 0.10 -0.01 -0.01 -0.02 -0.02 0.002 -0.05

Compliance with treatment -0.07 0.002 -0.04 0.02 -0.003  0.01 0.02 0.01 -0.063

HF = heart failure.

100 %
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Figure 1. Logit: the classical (black line) logistic model using the area under the curve (AUC). Mixed logit: the random-effects logistic model (red line) using the

AUC.
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This could be explained not only by the type of study but also
by the study population. Indeed, the study by Bencherif et al was
an observational study including diabetic and/or hypertensive
patients. In addition, we did not have the same definition of TI in
our different studies. In their study, TT occurred when a BP value
was higher than 130/80mm Hg in cases of diabetes or chronic
renal failure, and 140/90 mm Hg in other cases. The Crowley et al
study was an intervention study of 593 veterans. The high TI score
found in our study could be explained by the fact that some prac-
titioners would give inappropriate justifications for not changing
the treatment of patients. Indeed, this score is used to evaluate,
after analysis, patient-centered practice. Any medical practice
must be adapted to the patient’s history and environment. The
physician thus justifies not modifying the treatment when, if the
recommendations were applied “rigorously,” modification would
be indicated. This exacerbates the effects of the TI by increasing
the number of uncontrolled and non-compliant patients.

Among the determinants investigated in our study, 3 are asso-
ciated with an increase or decrease in TI, namely the number
of antihypertensive drugs, the time between consultations, and
noncompliance with treatment.

There was more TI in patients on multiple therapy. Indeed,
the increase of 1 molecule in the patient’s treatment increased
the risk of TI by 27% (P = .002). According to a review of the
literature,!*! 25% of the authors found a significant decrease
in TI with the number of antihypertensive drugs and also 25%
found an increase, while half found no association between the
2. The studies by Crowley et al (OR for each additional treat-
ment: 1.24; P < .05) and Turner et al with an increasing OR from
1.16 (1 anti-hypertensive drug treatment) to 2.38 (>4 1 anti-hy-
pertensive drug treatments) with P <.001 have results close to
ours. However, our results diverge with those of Okonofua et al
(OR for each additional treatment: 0.52; P < .0001) and Kerr et
al (Association not significant; P > .05). This discrepancy could
be explained by the fact that the Kerr et al study was prospec-
tive with a mixed population of diabetic patients and treat-
ment progress was assessed for 1 visit per patient. The study by
Okonofua et al was retrospective with a longer follow-up and
a larger sample size than in our study. The identification of this
association should challenge the practitioner to consider factors
such as patient preferences and values, medication burden, and
other medical or personal circumstances. It will help to reduce
TI and its consequences.

Regarding the time between consultations, there was less TI
in patients with long durations between consultations. Indeed,
increasing the time between consultations by 1 month decreased
the risk of inertia by 6% (OR =0.94 P <.001). Our results dif-
fered from those of the literature such as van Bruggen et al,l?®!
Hicks et al,?”! Redon et al,**! and Turner et al.?! However, in
all these studies, the frequency concerned the number of con-
sultations. The only study in which this notion referred to the
time elapsed between 2 consultations, as in our study, was that
of Andrade et al.””! In his study, there was no difference in TI
according to the time elapsed since the previous consultation. This
discrepancy with our results could be attributed to the design of
the different studies. The study by Andrade et al included subjects
aged between 45 and 84 years, whereas the risk of TI increases
with age. The evidence of this association supports the interest of
a structured and regular continuous medical checkup. It should
encourage health care decision-makers to take normative mea-
sures for visits and to define with practitioners an adapted and
personalized care pathway for patients. If the patient is stable and
BP is controlled, then appointments should be spaced at a max-
imum of 2 contacts per year so that the patient does not expe-
rience his or her disease as a burden. Otherwise, appointments
should be brought closer together to improve patient compliance
with treatment and to provide therapeutic education.

There was more TI in patients who did not adhere to their
treatments. Indeed, a patient who did not adhere to his or her

www.md-journal.com

treatment was 15 times more likely to have TI than a patient
who normally adhered to his or her treatment (P <.001). Our
results diverge from those of the literature. Only the Rose et al
study®® found an association between TI and treatment non-ad-
herence. The other studies did not find an association, that is,
83% of the literature according to Bien et al.?" Indeed, studies
by Bolen et al,’!l Manze et al®?! and Heisler et al®* are some
of them. These discrepancies could be explained by several ele-
ments. First, this adhesion has been defined in different ways
depending on the studies. Heisler et al defined it as the propor-
tion of days when the patient should have taken the medication
but had no medication available (called the “refill gap”). Bolen
et al used an algorithm developed by Steiner et al that integrated
the number of available medications and the number of days
to treat. In the study by Manze et al it was an electronic mon-
itoring device medication events monitoring system. According
to a qualitative study,® in 64% of the cases, treatment options
were limited due to problems with the cost of treatment relative
to patient income and adverse events. The evidence of this asso-
ciation should challenge health care decision-makers to take
measures to make treatments geographically and financially
available to patients. This is to reduce TI, which has disastrous
consequences on patients and societies in terms of health and
SOC10-eCONOMICS.

In our study we could not establish associations between TI
and variables such as gender, age, income, smoking, dyslipid-
emia and diabetes. In the same perspective, according to a lit-
erature review study®! respectively 61%, 64%, 100%, 100%,
40%, and 46% of the literature before 2016 had found no asso-
ciation between TI and the respective variables of gender, age,
income, and smoking. Depression, dyslipidemia, and diabetes
were variables that 67%, 60%, and 54 % of the literature found
to be associated with treatment inertia, respectively.*! Study
design, study populations, definitions of TI, and measurement
of TI over a period or by visit were the main reasons for differ-
ences in the results of these studies (decreased, increased, or no
association).

To identify the determinants of physician decision mak-
ing in terms of TI during follow-up, we used a random-effects
mixed logistic regression. This method takes into account the
correlation and heterogeneity between repeated measurements
of the same characteristic (e.g., BP) observed in an individual.
The interest of this data type-specific modeling shows why the
OR are then underestimated using the classical logistic regres-
sion method, which does not take into account the inter- and
intra-individual variability, compared with the logistic mixed
model. Moreover, the interest of the mixed logistic regression
rather than the simple logistic regression can be clarified by
using statistical criteria such as the Akaike information crite-
rion or a likelihood ratio test. However, for predicting the high
risk of TI, ROC curves allow to evaluate the more appropriate
approach for decision making.

5. Conclusion

The results of our study provide important information about
factors that contribute to TI in clinical management of hyper-
tension patients in Burkina Faso. Efforts should be pursued
to disseminate the concept of TI and decrease its intensity.
However, given the complexity of managing the hypertensive
patient, eliminating treatment inertia may not guarantee better
management, but the development of decision support systems
will improve compliance with hypertension management rec-
ommendations and reduce the risk of TT among health workers.
When considering intensifying antihypertensive therapy, prac-
titioners should consider factors such as patient preferences
and values, drug burden, and other medical or personal cir-
cumstances of the patient. Further work, including qualitative
studies involving practitioners and patients, will be needed to



Barro et al. ® Medicine (2022) 101:49

further clarify the factors associated with TI, including situa-
tions of justified TT that correspond to an appropriate medical
decision for the patient. Such an innovative approach combin-
ing machine learning and clinical diagnostic procedures will
make any prediction tool for high-risk situations of TT useful
and efficient.
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