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Increased blood pressure (BP) has been associated with higher risk of stroke and mortality in Sickle Cell Disease (SCD). We investigated risk factors associated with Relative Systemic Hypertension (RSH) or systemic hypertension in SCD patients in Cameroon. Using R, Multivariate multinomial logistic regression modeling was used to examine the effects of the demographic, anthropometric, clinical, and laboratory factors to determine risk factors. A total of 815 individuals with SCD, including 380 (46.6%) males were analyzed. At baseline, the median age [interquartile range] was 18.0 [12.0–25.0] years, ranging from 3 to 66 years. Approximately three-quarters of the patients (n = 645; 79.1%) had normal BP, 151 (18.5%) had RSH and 19 (2.3%) had hypertension. Age (P < 0.001) and gender (P = 0.022) were significantly different across the BP categories. Weight (P < 0.001), height (P < 0.001), BMI (P < 0.001), pulse pressure (P = 0.020), history of stroke (P = 0.012), hemoglobin level (P = 0.002), red blood cell count (P = 0.031), creatinine (P < 0.001), and (estimated glomerular filtration rate) eGFR (P = 0.002) was also significantly different across the three BP categories. After adjustment, the significantly associated factors of RSH in the SCD patients were age [OR = 1.03, (95% CI = 1.01–1.06), P < 0.010], male gender [OR = 1.54, (95% CI = 1.04–2.27), P = 0.029], BMI [OR = 1.10, (95% CI = 1.04–1.17), P = 0.001]. After adjustment, the independent variables significantly associated factors of Hypertension in the SCD patients were age [OR = 1.05, (95% CI = 1.01–1.10), P = 0.034], male gender [OR = 3.31, (95% CI = 1.04–10.52), P = 0.042], BMI [OR = 1.14, (95% CI = 1.01–1.29), P = 0.027]. Creatinine was significantly associated with RSH [OR =1.31 (1.05–1.63), P = 0.016]. SCD patients with RSH or hypertension maybe at increased risk of renal dysfunction. We found relatively high prevalence of RSH and hypertension (20.8%) in SCD patients in Cameroon. Tailored Interventions that consider major risk factors (age, gender, and BMI) may lower BP pressure and prevent severe complications.
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Introduction

Sickle cell disease (SCD) patients, generally, have lower systolic, diastolic, and mean blood pressure compared to age and sex-matched controls (1, 2). There are no specific recommendations proposed regarding the defining criteria (and management) of hypertension in SCD patients. The lack of recommendations is a major concern since increased BP has been associated with higher risk of stroke and mortality in SCD patients, even in a range of systolic and diastolic BPs (SBP, DBP) that are considered relatively normal for the general population (i.e., lower than 140 mmHg) (2).

Blood pressure is a potential modulator of clinical severity in SCD patients, recent studies showed that relative systematic hypertension (RSH), defined as BP 120–139/70–89 mmHg, and Systemic Hypertension (BP >140/>90), considerably increased the risk of pulmonary hypertension and renal dysfunction (2). Previous studies have reported demographic, biological, anthropometric, and genetic factors to be associate with blood pressure in SCD patients (3–8). Blood pressure is a heritable trait with estimates of heritability indicating that 30–70% of the trait variance is attributable to genetic variation and a recurrent deleterious and loss of functions mutation with genes associated with lowering BP has been recently associate with long survival in SCD in Africa (9).

Identification of risk factors associated with BP variation in different populations is key to controlling BP, as well as preventing associated causes of mortality in SCD patients. We investigated risk factors associated with RSH or systemic hypertension in SCD patients in Cameroon to gain insight into the pathophysiology of BP variation in this disease in an African setting.



Patients and methods


Ethical approval

A proposal was submitted to the University of Cape Town, Faculty of Health Sciences Human Research Ethics Committee, Cape Town, South Africa (HREC/REF: R015/2018). All patients older than 18 years signed consent forms, while informed consent was given by the parents or guardians for participants younger than 18 years old, in accordance with the Declaration of Helsinki. This study was approved by the National Ethical Committee of the Ministry of Public Health of Cameroon (No 193/CNE/SE/15).

Written and signed informed consent forms were obtained from adult participants and parents/guardians of minor patients. An assent was also obtained from the participants of more than 7 years old.



Participants' recruitment

All SCD patients with complete socio-demographic, clinical, laboratory variables, and complete systolic and diastolic blood pressure measurements were included in the study. The data were obtained from a cross-sectional study conducted in Cameroon from May 2016 to July 2018. The data were collected from nine hospitals from five cities in Cameroon, including Yaoundé, Douala, Bafoussam, Bertoua, and Maroua. Patients who have not experienced a painful crisis a month before, and who had not received a blood transfusion in the past 6 months, were recruited irrespective of age and gender.



Use of variables
 
Dependent variables

Sickle cell disease patients with a SBP within the range of 120–139 mmHg and/or DBP within the range of 80–89 mmHg is defined as having RSH. Systemic hypertension is further defined as SBPs greater than 140 mmHg or DBPs greater than 90 mmHg. Participants who had incomplete/out of range blood pressure readings were excluded from the analysis.



Independent variables

Information on demographics, including age, residential location, sex, ethnicity, educational level, marital status, and household income status, was collected using a standard questionnaire involving the household and individual levels. Clinical information and laboratory information were also collected. Those who had incomplete/out of range relevant information such as age, gender, BMI, demographic, clinical, laboratory information were also excluded from the dataset.




Statistical analysis

All our analysis was analyzed using R (version 4.0.2). Continuous variables were presented as median and interquartile range (IQR) and categorical variables as percentages (%).

Categorical variables were compared using X2-test or Fisher exact test if the expected count in a cell was less than five while continuous variables were compared according to BP category with the Kruskal–Wallis test.

Multivariate multinomial logistic regression modeling was used to examine the effects of the demographic, anthropometric, clinical, and laboratory factors to determine the potential independent risk factors for RSH and Systemic hypertension.

A final model was created that included all the predictors and interactions that were significantly associated at the level of P < 0.05. The findings presented as crude and adjusted odds ratios with their 95% confidence intervals (CI).




Results


Baseline characteristics

Table 1 Shows the demographic, anthropometric, clinical and laboratory characteristics of the BP categories. Our analysis included 815 individuals with SCD, of whom 645 (79%) had normal BP, 151 (19%) had RSH, 19 (2%) had systemic hypertension. 380 (46.6%) were males. At baseline, the median age [interquartile range] was 18.0 [12.0–25.0] years, ranging from 3 to 66 years. Approximately three-quarters of the patients (645 or 79.1%) were normal BP, 151 (18.5%) had relative hypertension and 19 (2.3%) had hypertension. Age (P < 0.001) and gender (P = 0.022) were significantly different across the BP categories, with age increasing with BP. Weight (P < 0.001), height (P < 0.001), BMI (P < 0.001), pulse pressure (P = 0.020), history of stroke (P = 0.012), hemoglobin (P = 0.002), red blood cell count (P = 0.031), creatinine (P < 0.001), and eGFR (P = 0.002) were also significantly different across the three BP categories.


TABLE 1 Baseline demographic, anthropometric, clinical and laboratory characteristics of Cameroonian SCD patients by BP levels.
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Univariate and multivariate analysis
 
The normal BP group vs. RSH group

Among SCD patients, univariate analyses indicated that these variables were significantly more common risk factors for higher BP values among patients with RSH than those with normal BP: Age (P < 0.001), patients >18 years (P < 0.001), weight (P < 0.001), height (P < 0.001), BMI (P < 0.001), pulse pressure (P = 0.046), creatinine (P < 0.001), eGFR (P < 0.001) and hemoglobin (P = 0.020) (Table 2). Multivariate analyses found that age [OR = 1.02, (95% CI = 1.01–1.05), P = 0.021], creatinine [OR = 1.310, 95% CI = 1.05–1.63, P = 0.016], BMI [OR = 1.09, (95% CI = 1.03–1.16), P = 0.002] were independent risk factors for high BP values in SCD patients with RSH compared with SCD patients with normal BP values (Table 3).


TABLE 2 Univariate multinomial logistic regression analyses of factors associated with RSV and hypertension among SCD patients in Cameroon (reference: Normal BP).
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TABLE 3 Multivariate multinomial logistic regression analyses of factors associated with RSV and hypertension among SCD patients in Cameroon (reference: Normal BP).
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The normal BP group vs. systemic hypertension group

Among SCD patients, univariate analyses indicated that these variables were significantly more common risk factors for higher BP values among SCD patients with hypertension than those SCD patients with normal BP: Age (P < 0.001), patients >18 years (P = 0.013), male gender (P = 0.019), weight (P < 0.001), BMI (P < 0.001), pulse pressure (P = 0.019), hemoglobin (P < 0.001), creatinine (P < 0.001) and Red blood cell count (P = 0.03) (Table 2). Multivariate analyses found that age [OR = 1.05, (95% CI = 1.01–1.10), P = 0.034], male gender [OR = 3.31, (95% CI = 1.04–10.52), P = 0.042], BMI [OR = 1.14, (95% CI = 1.01–1.29), P = 0.027] were independent risk factors for higher BP values in SCD patients with hypertension compared with SCD patients with normal BP values (Table 3).

Additionally, Figure 1 Illustrates the relationship between BP and age, gender, BMI. As age increases the probability of SCD patients having RSH or hypertension increases (Figure 1A). Secondly, Males have a higher probability of having RSH or hypertension than females among SCD patients (Figure 1B). For every increase in BMI units, the probability of having RSH or Hypertension increases among SCD patients (Figure 1C). Lastly, for every increase in creatine units, the probability of having RSH or Hypertension increases among SCD patients (Figure 1D).


[image: Figure 1]
FIGURE 1
 Estimated marginal means of (A) Age, (B) Gender, (C) BMI by BP categories, (D) creatine (mg/dl). BP, Blood pressure; BMI, Body mass index; RSH, Relative systemic hypertension; F, Females; M, Males.






Discussion

This study determined the role of demographic, anthropometric, clinical and laboratory factors associated with RSH and hypertension among SCD patients in Cameroon, one of the rare attempts from Africa. The main findings, from this relatively large dataset are as follows. Approximately one quarter of our 815 SCD patients were classified in either RSH or systemic hypertension group. At baseline, we observed statistically significant differences in age, gender, weight, height, BMI, pulse pressure, a history of stroke, hemoglobin, and red blood cell count across our three BP groups (normal BP, RSH, hypertension). We found that age, BMI, creatinine, and male gender were independently associated with an increased risk of RSH and systemic hypertension after adjusting for other variables.

The nearly 19% prevalence of RSH reported in this study was similar to that of 17% reported in studies from North America by Becker et al. (10) and Bodas et al. (11). In similar setting as our study, RSH was lower to that of 45% reported by Benneh Akwasi Kuma et al. (12) and 44% found by Makubi et al. (13), the participants in these studies were adult patients, whereas our study included both pediatric and adult patients. The 2% prevalence of systemic hypertension reported in this study from Cameroon also agrees with previous reports from both high and low incomes settings, which have reported the prevalence of systemic hypertension in SCD patients to be lower than that of the general population (2–8% vs. 28%, respectively) (13–15). Potential explanations of low prevalence of RSH and systemic hypertension in SCD patients include Sodium and water wasting due to the medullary defect, (16) systemic vasodilatation compensating for microcirculatory flow disturbances, (14) increased production of prostaglandins and nitric oxide, (17) reduced vascular reactivity, (16) and pre-mature deaths that remove those individuals whose BP might reach hypertensive levels in middle adulthood (13).

Unsurprisingly, this study also found that age was significantly associated with BP in SCD patients, SCD patients with RSH and systemic hypertension were older than SCD patients with normal BP values suggesting that advancing age contributed to their higher BP values. This finding corroborates with previous reports in developed countries; (1, 8) and in Africa (18), that reported that BP rapidly increases with advancing age in SCD patients starting in the early twenties. With the improved survival of patients with SCD patients, the incidence of RSH or systemic hypertension is expected to rise, thus screening and awareness are necessary to prevent the expected complications, in all part of the world. Indeed, mortality in adult with SCD in the USA and other high-income countries have not changed over the past four decades, mostly dues to debilitating and severe cardiovascular complications (19). Most of the previous data is from 18-year olds. However, younger patients may already show elevated BP and risk for complications.

Pegelow et al. (1) demonstrated that BP values were higher in males than in females, which is consistent with our results showing that male gender is independently associated with RSH and systemic hypertension in SCD patients. This gender disparity in BP is likely due to gender-related differences in SCD biology or health-seeking behavior between genders (20, 21). For instance, older males with elevated BP relative to the SCD population are at increased risk of stroke than age-matched females (12). SCD males have higher pulse pressure, a predictor of all-cause mortality, than age-matched SCD female patients (12, 22) which further highlights the risk of adverse outcomes associated with RSH and systemic hypertension in males. Another study suggests that regular medical visits are critical for improving hypertension awareness among young adults and reducing gender disparities in cardiovascular health (21).

Consistent with previous studies, Oguanobi et al. (23) in Nigeria, and Pegelow et al. (1) who reported that BMI correlates positively with SBP and DBP and Homi et al. who reported that low weight is a risk factor for low BP. In this study, we found that BMI correlates positively with BP, and BMI was independently associated with RSH and systemic hypertension among SCD patients. Suggesting that a higher BMI in SCD patients with RSH or systemic hypertension may contribute to their higher BP values compared to the SCD patients with normal BP. SCD patients have lower BMI compare to general population but increased BMI in SCD patients has potential to modulate BP (8). In addition, the prevalence of obesity in patients with SCD seems to be on the increase. Obesity is a risk factor for other diseases, including, but not limited to, type 2 diabetes, hypertension, sleep apnea, cardiovascular disease (24). These diseases, in turn, worsen the clinical picture of SCD and increase the frequency of vaso-occlusive crises (VOCs) (24). Because of the clinical importance as well as public health importance of RSH or systemic hypertension, the ability to identify otherwise normal BMI is of paramount importance, particularly in SCD patients.

Furthermore, measuring BMI alone, in SCD, is sufficient to screen for adiposity and obesity. Previous reports show the body composition of SCD patients with normal mean BMI (22.6 kg/m2), showed a 32.6% fat composition, indicating high levels of adiposity. Since fat accumulation and adipocyte secretion are responsible for many hormonal changes playing a role in the development of vascular dysfunction and hypertension in the general population, this could be the case in SCD patients too, even if BMI values are normal. Therefore, further studies are needed to better understand the relationship between BMI; hormonal status and BP in SCD.

Previous studies reported that SCD patients with SBP 120–139 mm Hg or DBP 70–89 mm Hg had elevated levels of creatinine compared to SCD patients with SBP <120 mm Hg and DBP <70 mm Hg (2). In this study we found that creatinine was independently associated with RSH. Additionally, SCD patients in RSH and systemic hypertension group had a higher creatinine compared to SCD patients in the normal group. Suggesting that SCD patients with RSH or hypertension are at increased risk of renal dysfunction. Longitudinal studies are needed to better understand temporal relationship between renal dysfunction and RSH.

Previous studies found Increasing hemoglobin, blood viscosity and blood transfusion to be independent risk factors for RSH or hypertension in SCD patients. However, in this study we did not find these factors to be significantly associated with BP among SCD patients (25). These observed differences may be explained by differences in study design, patient's clinical characteristics and thresholds used to define RSH or systemic hypertension.

• Our participants were recruited form referral hospitals. Thus, the findings may not be representative of RSH or systemic hypertension seen in a community. Nevertheless, our analysis is based on the large and well-characterized homozygous study population in a resource-limited country. Therefore, these findings expand the understanding of risk factors for RSH and systemic hypertension in SCD beyond what has been reported from resource-limited settings.

• The exclusion of incomplete records with missing BP might have introduced some bias. Additionally, BP was measured at single time point which might have increased some patients' likelihood of developing white coat hypertension. Previous studies have highlighted the importance of 24-h ambulatory blood pressure monitoring in diagnosing masked hypertension (26).

• The inability to follow up the cohort as a longitudinal study is a limitation.

In conclusion, this study found evidence of the prevalence of RSH and hypertension in the SCD patients in Cameroon. Age, male gender, BMI was found to be independently associated factors of RSH and hypertension in the SCD patients in Cameroon. Tailored Interventions that consider these risk factors have potential to lower BP pressure in SCD patients and prevent developing severe complications.
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Factors

Demographics
Age*
Aged less than 18 (ref.)

Aged older or equal 18*

Gender, female (ref.)

Gender, male*

Anthropometric and clinical

Weight (kg)

Height (m)*

Body mass index*

Pulse pressure*

History of stroke vs. No (ref)

History of kidney disease vs. No (ref)

History of pulmonary hypertension vs. No (ref)
History of transfusion vs. No (ref)

Hydroxuria

Biological data

Hemoglobin (g/dl)*

Hemoglobin F (%)

White blood cell count (10°/L)

Mean corpuscular volume (fl)

Red blood cell count*

Creatinine (mg/dl)

eGFR

CcOR, Crude odds ratic

C1, Confidence interval; *denotes

-

RSH vs. normal

cOR (95% CI) P-value
105 (1.03-1.06) <0.001
3.89(2.56-5.89) <0.001
128 (0.89-1.83) 0.170
105 (1.04-1.07) <0.001
76.1(21.77-265.89) <0.001
116 (1.10-1.23) <0.001
098 (0.97-1.00) 0.046
103 (038-2.77) 0.957
0.60 (030-1.19) 0.145
111 (058-2.10) 0.749
1.00 (0.65-1.54) 0985
1.00 (0.53-1.89) 0.992
1.12(1.01-1.23) 0.020
0.99 (0.97-1.03) 0.746
099 (0.95-1.09) 0782
1.00 (1.00-1.02) 0528
123 (1.00-1.53) 0.061
124(1.15-1.34) <0.001
1.00 (0.98-1.00) <0.001

-ant at the 5%

Hypertension vs. normal BP

<OR (95% CI)

1.08 (1.04-1.12)
4.07 (1.34-1241)

345 (1.22-9.69)

1.07 (1.03-1.11)
159 (096-264.38)
122 (1.11-1.35)
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