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Abstract
Beta-thalassemia intermedia (β-TI) is associated with vascular dysfunction. We used digital thermal monitoring (DTM), a 
non-invasive tool that evaluates vascular function based on changes in fingertip temperature during and after cuff occlusion 
on β-TI patients. Thirty-three patients (18 years and older) were recruited in this study and divided into 3 groups: thalas-
semia, anemic controls, and healthy controls. Exclusion criteria included factors that are known to be associated with vascular 
damage. Patients underwent DTM and results were extracted as vascular reactivity index (VRI), a measure of how well the 
circulatory system responds to stimuli that require adjustments of blood flow. One-way analysis of variance (ANOVA) was 
used to test the mean difference in VRI between the 3 groups. A multiple linear regression was also carried out with VRI 
as the outcome of interest and a function of covariates that were thought to be of clinical relevance to VRI. The frequency, 
mean VRI ± standard error (SE) for the thalassemic group were (N = 16), mean = 2.243 ± 0.111; for anemic controls (N = 9), 
mean = 2.374 ± 0.162; and for the controls (N = 8), mean = 2.338 ± 0.092. ANOVA test indicated a non-significant difference 
in mean VRI between the three groups (P value = 0.731). Multiple linear regression couldn’t detect any significant association 
between VRI and any of the predictors including the groups. Our study did not show a significant difference in VRI between 
the 3 study groups. Prospective studies of larger sample size are warranted to establish DTM as a possible non-invasive tool 
used to evaluate vascular function in β-TI patients.
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Introduction

The thalassemias constitute one of the common inher-
ited monogenic diseases worldwide, characterized by 
autosomal recessive inherited defects in the production 
of hemoglobin [1]. The disease hallmarks include inef-
fective erythropoiesis, chronic hemolytic anemia, and 
iron overload [2]. Beta-thalassemia intermedia (β-TI) is 
a form of non-transfusion dependent thalassemia (NTDT) 
characterized by clinical complications that arise from a 
combination of multiple pathophysiological factors [3, 
4]. Ineffective erythropoiesis and hemolysis can lead to a 
hypercoagulable state and ultimately to a high incidence 
of thrombosis and silent cerebral infarcts in patients with 
β-TI [5–8]. This hypercoagulable state is primarily attrib-
uted to abnormalities in platelets and pathological red 
blood cells. Other factors believed to be involved include 
endothelial dysfunction, coagulation system abnormali-
ties, and presence of microparticles [8]. One non-invasive 
measure of vascular function is reactive hyperemia meas-
ured by fingertip digital thermal monitoring (DTM). Reac-
tive hyperemia is based on changes in fingertip tempera-
ture before and after cuff occlusion and reflects changes in 
blood flow and endothelial function [9]. Reactive hyper-
emia following periods of ischemia and decreased blood 
flow is normally seen as part of a physiologic response 
which results in a subsequent rapid increase in blood flow 
and temperature [10]. This reaction is seen in normally 
functioning vasculature and requires endothelial nitric 
oxide release in response to local ischemia [11]. Studies 
have shown that reactive hyperemia in peripheral vessels is 
reduced in patients with cardiovascular disease compared 
to healthy individuals with normal endothelium indicat-
ing an inverse correlation between temperature rebound 
and cardiovascular risk [9, 12]. The aim of this study is to 
assess vascular dysfunction in NTDT patients, specifically 
those with β-TI, using DTM and the vascular reactivity 
index (VRI). We aim to determine whether reactive hyper-
emia illustrated by DTM correlates with clinical findings 
and cardiovascular risk in. All throughout the remaining 
of this manuscript we will use the term β-TI.

Methods

A total of 33 patients aged 18 years old and above were 
recruited in this study. Patients with β-TI, patients with 
iron deficiency anemia, and healthy individuals who were 
eligible for our study were identified from the Chronic 
Care Center—Baabda, Lebanon—by members of the 
research team. Patients were divided into three groups: 

β-TI, anemic controls, and healthy controls. Patients 
with known coronary artery disease, diabetic nephropa-
thy, peripheral vascular disease, underlying infection, 
Raynaud’s syndrome, malignancy, immunosuppression, 
end-stage renal disease or liver disease were excluded 
from the study. Patients were debriefed on the objectives 
of the study and were asked to sign a written consent form 
after reading it carefully and accepting to be enrolled in 
the study. The participants were asked to visit the Ameri-
can University of Beirut Medical Center (AUBMC) where 
they were accompanied to a private room in the Cardiol-
ogy department where the DTM machine is and where 
the process will take place. Patients were asked to abstain 
from tobacco, alcohol, caffeine, or vasoactive medications 
such as migraine-related medications at least 10 h prior to 
the procedure. The entire procedure was performed in the 
morning in a quiet, dimmed room at a controlled ambient 
temperature between 23.5 and 25.0 °C. The DTM device 
consists of a computer-based thermometry system (0.01° 
C thermal resolution) with two finger-tip RTD (resistance 
temperature detector) rapid response probes with mini-
mal skin-probe contact area and fingertip pressure, applied 
to the pulp of the index on both hands. The system also 
includes a common automated sphygmomanometer cuff, 
cuff-inflation pump, and release valve to permit nonin-
vasive measurement of arterial pressure and the control 
of occlusive hyperemia. Before beginning the DTM pro-
cedure, subjects must be in a supine position and after 
30 min of rest. The patients’ automated blood pressure 
measurement in the control arm (left non-occluded arm) 
was recorded in a sitting position 5 min before the DTM 
test. The procedure begins with a period of suprasystolic 
cuff occlusion of the right arm of 5 min. During the cuff 
occlusion, fingertip temperature in the right-hand falls 
because of absence of warm circulating blood. The occlu-
sion of blood flow elicits a vasodilatory response in the 
ischemia area. Once the cuff is released, blood flow rushes 
into the forearm and hand, causing rebound temperature 
(TR) in the fingertip, which is directly proportional to the 
reactive hyperemia response. The higher the tempera-
ture rebound, the better the vascular reactivity. Rebound 
temperature and thermal changes of both hands were 
obtained during 5 min stabilization, 5 min cuff inflation to 
50 mmHg greater than systolic blood pressure, and 5 min 
deflation using an automated, operator- independent pro-
tocol (VENDYS, Endothelix Inc. Houston, TX). Thermal 
changes during the 5-min arm-cuff-induced reactive hyper-
emia test were monitored continuously in the fingertip of 
both the occluded and non-occluded arms using VENDYS 
software. The software uses the measured fingertip tem-
peratures, the surrounding temperature of the procedure 
room, the observed slope of temperature decline during 
occlusion, and a multivariate bioheat formula (accounting 
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for cuff size, fingertip size, and air velocity) to calculate 
and plot a zero-reactivity curve (ZRC). The ZRC serves 
as a control representing the temperature rebound curve, 
if no vascular reactivity was present, i.e., no reactive 
hyperemia and the other variables remained constant. VRI 
of the patient is then determined one reading at a time 
using visual inspection by an expert cardiologist who was 
blinded to what group the patients belonged to limit bias 
by taking the maximum difference between the observed 
temperature rebound curve and the ZRC during the reac-
tive hyperemia period.

Statistical data analysis

We initiated our statistical analysis by carrying out descrip-
tive analysis and summary statistics for the patients’ char-
acteristics stratified by the different groups of thalassemia, 
anemic controls, and healthy controls (Table 1). Patients’ 
characteristics included age in years, gender, smoking status 
during the study, body mass index (BMI) in kg/m2, height in 
centimeters, and weight in kilograms. Fisher’s exact test was 
used to determine if there is a significant difference in the 
distribution of gender and smoking status across the three 
groups. Given the small size within the different groups, the 
significance of the difference in the patients’ characteristics 
which were measured on a continuous scale including age, 
BMI, height, and weight was determined using the non-par-
ametric Kruskal–Wallis test. Mean and standard deviation 
were used as summary statistics for the continuous variables 
listed in Table 1, and frequencies along with valid percent 
were also reported.

Normality of the VRI in the three groups of thalassemia, 
anemic controls, and healthy controls was examined using 
the Shapiro-Wilks test for normality. ANOVA was used to 
test the mean difference in VRI between the three groups. 

An age-adjusted, smoking status-adjusted, and gender-
adjusted multiple linear regression analyses were carried out 
separately to assess the difference of VRI between the ane-
mic controls and healthy controls relative to the thalassemic 
group controlling for the effect of these variables. Another 
multiple linear regression was also carried out with VRI as 
the outcome of interest, to express VRI as a function of addi-
tional covariates that were thought to be of clinical relevance 
to VRI. The covariates included were weight, height, body 
mass index, gender, age, smoking status, and hemoglobin 
level, along with the study groups. The β-TI group was taken 
as the reference category in our multiple linear regression 
analysis.

Results

We had a total of 33 patients with 16 in the β-TI group, 8 in 
the healthy control group, and 9 in the anemic control group 
with their demographic information presented in Table 1 and 
detailed below.

Analysis of frequency distribution for patients’ 
characteristics across the three groups

Age  The mean age ± standard deviation (SD) of the β-TI, 
anemic control group, and healthy control group were 34 ± 9, 
37 ± 12.00, and 22 ± 3.00, respectively. Kruskal–Wallis test 
had a P value of 0.003 indicating that at least two groups had 
a significant difference in age. Our post-hoc analysis showed 
that healthy controls and the β-TI group had a significant dif-
ference in the age distribution (P value adjusted for multiple 
comparison = 0.007). Similarly, healthy controls and anemic 
controls had a significant difference in age distribution (P 
value adjusted for multiple comparison = 0.007). However, 

Table 1   Baseline 
characteristics. Continuous 
variables (age, BMI, height, 
and weight) were presented as 
mean ± standard deviation (SD), 
categorical variables (remaining 
variables) were presented as 
frequency (N) and valid percent 
(%)

§  Fisher’s exact test. £ Kruskal–Wallis test. *Healthy controls were significantly younger than the two other 
groups with P value adjusted for multiple comparison = 0.007 for both comparisons. ** β-TI group had a 
significantly lower BMI than the anemic controls with P value adjusted for multiple comparison = 0.007. 
*** β-TI group had a significantly lower weight than the anemic group with an adjusted P value for multi-
ple comparison = 0.028

β-TI (N = 16) Anemic controls (N = 9) Healthy controls (N = 8) P value

Age in years (mean ± SD) 34 ± 9 37 ± 12.00 22 ± 3.00* 0.003£

Gender (N %) 0.167§

  Male 9 (56%) 1(11%) 4(50%)
  Female 7 (44%) 8(89%) 4(50%)

Smoking (N %) 0.002§

  Yes 4 (25%) 7 (78%) 0 (0%)
  No 12 (75%) 2 (22%) 8 (100%)
  BMI (kg/m2) (mean ± SD) 21.9 ± 2.11 27 ± 3.42** 26.31 ± 5.58 0.005£

  Height (cm) (mean ± SD) 166.9 ± 11 163.6 ± 3.47 170 ± 6.89 0.166£

  Weight (kg) (mean ± SD) 61.6 ± 8.37 72.2 ± 9.36*** 77 ± 20 0.034£
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the β-TI group and the anemic control had a non-significant 
difference in the age distribution of participants (P value 
adjusted for multiple comparison = 0.999). This result indi-
cates that the healthy controls were significantly younger 
than the β-TI and the anemic controls.

Gender  The gender distribution of patients in the different 
groups denoted by the frequency (N) along with the valid 
percent (%) was as such β-TI group, 9 (56%) males, 7 (44%) 
females; anemic control group, 1 (11%) male, 8 (89%) 
females; and healthy control group, 4 (50%) males and 4 
(50%) females. The Fisher’s exact test P value was 0.167 
indicating a non-significant difference of the frequency dis-
tribution of gender across the three groups.

Smoking  The smoking status distribution of patients in the 
different groups also denoted by the frequency (N) along 
with the valid percent (%) was as such β-TI group, 4 (25%) 
smokers, 12 (75%) nonsmokers; anemic control group, 7 
(78%) smokers, 2 (22%) nonsmokers; and healthy control 
group, 0 (0%) smokers and 8 (100%) nonsmokers. The Fish-
er’s exact test P value was 0.002 indicating a significant 
difference of the frequency distribution of smokers across 
the three groups.

BMI  The mean BMI ± SD of the β-TI, anemic control group, 
and healthy control group are 21.9 ± 2.11, 27 ± 3.42, and 
26.31 ± 5.58, respectively. The Kruskal–Wallis test showed 
a significant difference in BMI between at least two of the 
groups (P value = 0.005). Our post hoc analysis identified 
the β-TI group as having a significantly lower BMI than the 
anemic controls with an adjusted P value for multiple com-
parisons of 0.007. Anemic controls and healthy controls did 
not exhibit any significant difference in BMI with adjusted 
P value for multiple comparisons of 0.999. Similarly, β-TI 
group and healthy controls did not have a significant differ-
ence in BMI with adjusted P value for multiple comparison 
of 0.123.

Height  Mean and standard deviation of height in the groups 
were the following: β-TI group 166.9 ± 11; anemic con-
trol 163.6 ± 3.47; healthy control 170 ± 6.89. Our analysis 
showed that height was not statistically different across the 
three groups with Kruskal–Wallis P value = 0.166.

Weight  The weight across the three groups had the follow-
ing mean and standard deviation: β-TI group 61.6 ± 8.3; ane-
mic controls 72.2 ± 10; and healthy controls 77 ± 20. Our 
analysis showed a significant difference in weight in at least 
two of the groups with a Kruskal–Wallis P value of 0.034. 
The β-TI group showed to have a significantly lower weight 
than the anemic controls with a P value adjusted for multi-
ple comparisons of 0.028. However, the β-TI group and the 

healthy control did not have a significant weight difference 
with a P value adjusted for multiple comparisons of 0.25. 
Similarly, the anemic control and the healthy controls did 
not have a significant difference in weight with an adjusted 
P value for multiple comparisons of 0.99.

Crude and adjusted statistical analysis for VRI 
across the different groups

Normality of the VRI in the three groups of β-TI, anemic 
controls, and healthy controls was examined and confirmed 
using the Shapiro-Wilks test for normality. The correspond-
ing P values for normality test were 0.955, 0.094, and 0.734, 
respectively, indicating that VRI was normally distributed in 
the three study groups. The feasibility of employing the one-
way analysis of variance (ANOVA) to test the mean differ-
ence in VRI between the three groups was confirmed using 
the test of homogeneity across the groups which had a cor-
responding P value of 0.398. This indicates that the groups 
have homogenous variances of VRI, and ANOVA is appro-
priate to be employed to test for the groups’ differences in 
VRI. The frequency means VRI ± standard error (SE) for the 
β-TI group were (N = 16), mean = 2.243 ± 0.111; for anemic 
controls (N = 9), mean = 2.374 ± 0.162; and for the controls 
(N = 8), mean = 2.338 ± 0.092, and the frequency distribution 
of VRI in each group is depicted in Fig. 1. ANOVA test indi-
cated a non-significant difference in the mean between the 
three groups (P value = 0.731), indicating a non-significant 
difference in VRI between the three groups. Our age adjusted 
multiple linear regression with VRI as the outcome showed a 
non-significant increase in VRI for both the anemic controls 
and healthy controls compared to the thalassemic group with 
respective P values of 0.398 and 0.980. Our smoking adjusted 
multiple regression with VRI as the outcome also showed a 
non-significant increase in VRI for both anemic controls and 
healthy controls compared to the thalassemic group with 
respective P values of 0.185 and 0.186. Smoking status did not 
show any significant association with VRI with corresponding 
P value of 0.176. Similarly gender adjusted analysis showed a 
non-significant association between groups and VRI.

When a multiple linear regression was carried out with VRI 
as the outcome of interest, we couldn’t detect any significant 
association between the VRI and any of the predictors (age, 
gender, BMI, height, smoking status, and weight) including 
the groups. Hence, despite that the mean VRI was lower for 
the β-TI group compared to the controls, this sample difference 
did not reach statistical difference (Table 2).
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Discussion

Our results showed that there is no significant difference 
between β-TI and decreased VRI. Mean VRI ± SE for the 
thalassemic group were (N = 16), mean = 2.243 ± 0.111; 
for anemic controls (n = 9), mean = 2.374 ± 0.162; and for 
the healthy controls (N = 8), mean = 2.338 ± 0.092. Despite 
that our study did not reach statistically significant results, 

it gave a direction of the nature of associations between 
the three study groups and the difference in the levels of 
VRI. Our findings, however, warrant further investigation 
by additional prospective studies of large sample size to 
further investigate the use of DTM in assessing vascular 
dysfunction in β-TI patients.

In previous studies, DTM was able to predict cardio-
vascular risk through the vascular reactivity index which 
inversely correlated with a number of known cardiovas-
cular risk factors, measured by the Framingham risk score 
(FRS), with the burden of asymptomatic coronary athero-
sclerosis, measured by the coronary calcium score and CT 
angiography, as well as with myocardial perfusion defects 
on nuclear stress testing in symptomatic patients [13–15]. 
However, according to our study, the possibility of using 
DTM in predicting cardiovascular risk in patients with 
β-TI is still up to debate. One possible hypothetical expla-
nation behind our results might be a variable impact of 
β-TI on the patients’ vasculature specifically on endothelial 
nitric oxide release in response to local ischemia [11] due 
to variation in the genetic profile of this disease in the 
Mediterranean population. That being said, consanguine-
ous marriage is highly prevalent in Lebanon, which might 
re-enforce the above stated hypothesis because there might 
be a higher probability of having a distinctive genetic 
sequence of thalassemia in Lebanon specifically. This 
warrants further investigation of the genetic profile of the 
thalassemic patients in Lebanon through next-generation 

Fig. 1   Within each box, 
horizontal black lines denote 
median values; boxes extend 
from the 25th to the 75th 
percentile of each group’s 
distribution of values; vertical 
extending lines denote adjacent 
values (i.e., the most extreme 
values within 1.5 interquartile 
range of the 25th and 75th per-
centile of each group); circles 
denote observations outside the 
range of adjacent values

Table 2   Multiple linear regression analysis with VRI being the 
outcome of interest and study groups as the main predictor with 
thalassemic group£ taken as the reference category. This analysis is 
adjusted for the aforementioned specified predictors in this Table

Predictor Coefficient estimate P value 95% CI for 
the coefficient 
estimate

Thalassemic group£ - - -
Anemic control 0.312 0.263  − 0.250; 0.874
Healthy control 0.051 0.838  − 0.467; 0.570
Map  − 0.012 0.290  − 0.035; 0.011
Weight 0.003 0.708  − 0.035; 0.011
Gender 0.077 0.755  − 0.428; 0.582
Height 0.011 0.441  − 0.019; 0.042
BMI 0.001 0.972  − 0.088; 0.085
Age 0.003 0.768  − 0.018; 0.024
Smoking  − 0.213 0.375  − 0.702; 0.275
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sequencing to further elude the above stated hypothesis 
that β-TI patients do not illustrate lower vascular reactivity 
as detected by DTM in contrast to other patients with an 
increased cardiovascular risk [14–17]. Thus, comparative 
studies with large sample size are needed to illustrate the 
vascular reactivity of thalassemic patients with patients 
of known cardiovascular risk factors reinforced with gene 
sequencing to discover the alteration in the genomic plat-
form causing a normal VRI in β-TI patients. Finally, the 
higher risk of TEEs and atherosclerosis in β-TI patients 
shown by previous studies [5, 18–20] might be explained 
by other factors unrelated to reactive hyperemia and the 
VRI detected by the DTM.

When interpreting this study for external validity, the 
reader should keep in mind that this is a study of small 
sample size; however there is a scarcity of data in the lit-
erature on the topic. As such, our study, which includes 
several variables known to affect vascular function such 
as BMI, age, weight, gender, and smoking status [21] [17] 
[12, 22], could benefit future efforts to further understand 
the impact of β-TI on vascular reactivity. Our second 
limitation is that we weren’t able to include dyslipidemia 
status in our model since the demographical data was 
extracted from paper-based charts from a peripheral hos-
pital. Since the majority of our patients are young with a 
mean BMI of 21.9, 27, and 26.31 in the β-TI, anemic con-
trol group, and healthy control group, respectively, they 
are less likely to have dyslipidemia [23–26]. Finally, our 
study was based on measurements made at a single center 
(AUBMC). We believe a multicentered study would allow 
for a more robust measurement by accounting for center-
specific variability.

Conclusion

Our study supports no significant difference in VRI meas-
ured by DTM in β-TI patients, anemic patients, and healthy 
controls. This study showed that β-TI has no impact on the 
vascular reactivity index. The use of DTM as a possible 
non-invasive tool used to evaluate vascular function in 
β-TI is yet to be investigated, and the exact pathophysiol-
ogy of atherosclerosis and vascular dysfunction in β-TI is 
yet to be confirmed. Nonetheless, more comparative stud-
ies with large sample size measuring VRI in β-TI patients 
and patients with cardiovascular diseases are needed to 
establish a clearer relationship between reactive hyperemia 
and vascular dysfunction in β-TI patients.
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