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Abstract: Diabetes is a serious health problem with staggering morbidity and mortality rates documented to be rising at an 

alarming rate worldwide, more so in low income countries. The uncontrolled effect of high blood glucose and disease 

complications have protean multisytemic consequences. Concomitant Diabetes Mellitus (DM) and hypertension accelerates the 

progression of micro and macro vascular complications including nephropathy. In this prospective comparative study amongst 

Diabetic hypertensives, normotensive Diabetics and healthy non-diabetic normotensive controls, we evaluated the effect of co-

existing hypertension with diabetes and normotensive DM on renal vascular impedance. Demographic, clinico-laboratory data 

and Duplex ultrasound impedance of the renal interlobar arteries were documented and data analyzed using Statistical Package 

for Social Sciences (SPSS) version 23 computer software. The Intra-renal Resistive index (RI) among Diabetic hypertensives 

(Mean = 0.72 ± 0.15), normotensive DM patients (Mean = 0.69±0.08) and control (Mean = 0.63 ± 0.08) were statistically 

significant, F (2, 89) = 10.94, p <0.001. The intra renal Doppler RI showed significant correlations with age (r = 0.236, 

p=0.019) and duration of diabetes (r = 0.333, p=0.003). The Pulsatility index showed statistical significant associations with 

age (r = 0.370, p<0.001), duration of diabetes (r = 0.338, p = 0.002) and serum creatinine (r = 0.208, p = 0.039). A unit increase 

in mean arterial blood pressure increases the risk of concomitant hypertension in DM patients by about 3% (AOR= 1.03, 95% 

CI 1.10; 1.33, p <0.001). Also, an increase by 1mg/dl in cholesterol level increases the risk of concomitant hypertension in DM 

patients by about 1% (AOR= 1.01, 95% CI 1.00; 1.02, p = 0.044). Altogether concomitant hypertension with DM causes 

slightly high renal vascular impedance, particularly the RI as well as mild renal dysfunction than in normotensive persons with 

diabetes. Particularly among cases with clinico-laboratory evidence of good glycaemic control as well as blood pressure 

management. The arterial blood pressure and cholesterol levels are predictors of concomitant Hypertensive Diabetic status in 

this study. 

Keywords: Normotensive, Type 2 Diabetes, Concomitant Hypertension, Resistive Index, Pulsatility Index,  

Doppler Ultrasonography 

 

1. Introduction 

Diabetes is a serious threat to population health. The World 

Health Organization (WHO) estimated the total burden of 

deaths from high blood glucose in 2012 to sum to about 3.7 

million, including 1.5 million diabetes deaths, and an 

additional 2.2 million deaths from cardiovascular diseases, 

chronic kidney disease, and tuberculosis related to higher-

than-optimal blood glucose [1]. Over the last 3 decades there 

has been increase in trend in number of people with diabetes. 

In 2014, globally, 422 million adults aged over 18 years were 

living with diabetes. According to International Diabetes 
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Federation (IDF) [2], this number is estimated to reach 592 

million by 2035 with low and middle income countries 

contributing a substantial proportion. Currently, sub-Saharan 

Africa is estimated to have 20 million people with diabetes. 

In sub-Saharan Africa, Nigeria has the highest number of 

people with diabetes with an estimated 3.9 million people (or 

an extrapolated prevalence of 4.99%) of the adult population 

aged 20-79-year-old [3]. Studies in Nigeria have reported 

that the prevalence of diabetes varies across different zones 

of the country but ranges from 2.2 - 9.8% [4 – 6]. 

Hypertension (HT) has been identified as the commonest 

co-morbidity with diabetes mellitus [7] and has been 

categorized as an asymptomatic chronic condition in diabetes 

[8]. It is reported to be twice as prevalent in diabetics than in 

non-diabetic individuals [9] occurring in about 20% to 75% 

of patients with diabetes [10-14]. Hypertension and diabetes 

are highly related [15]
 
and has been shown to accelerate the 

progression of both microvascular (retinopathy, nephropathy 

and neuropathy) and macrovascular (atherosclerotic) 

complications in diabetic patients [16-19]. Microvascular 

lesions resulting in glomerulosclerosis and renal 

arteriosclerosis from macrovascular lesions as well as 

diabetic nephropathy from infectious, parenchymatous and 

vascular lesions are documented renal changes in DM [20, 

21]. Diabetes has also been reported as the commonest cause 

of End stage renal disease [21]. 

Recent studies have demonstrated the effectiveness of 

blood pressure treatment in reducing the complications of 

diabetes [22]. 

Doppler ultrasonography of the renal vasculature has 

become a reliable, non-invasive ionization radiation-free 

imaging technique whose clinical application has increased 

steadily in recent years. Previous studies have demonstrated 

the usefulness of Doppler ultrasonography in determining 

abnormalities of renal vasculature in different pathological 

conditions. Derchi and colleagues [23]
 

reported that a 

reduction in creatinine clearance and the presence of 

microalbuminuria are associated with increased renal 

vascular impedance, as well as with signs of extra renal 

arterial stiffness among untreated patients with primary 

hypertension. Also, Bigé et al [24] reported that RI ≥ 0.65 is 

associated with severe interstitial fibrosis and arteriosclerosis 

and renal function decline and concluded that RI could 

identify patients at high risk of end stage renal diseases who 

may benefit from nephroprotective treatments. 

Other researchers have also documented renal vascular 

resistance in newly diagnosed Diabetics with or without 

hypertension [24-28] and untreated primary hypertensives 

[23, 29]. However, there is paucity of literature on the 

concomitant effect of DM and hypertension on renal vascular 

impedance in currently treated diabetics, particularly in our 

environment where there is a high prevalence of diabetes and 

hypertension co-morbidity. This study was to determine the 

intrarenal vascular impedance in persons with concomitant 

Diabetes and Hypertension and in normotensive DM patients. 

We compared these renal impedance with that of healthy 

normotensive and non-Diabetic controls with normal 

laboratory parameters as well as determined associations 

with clinico-laboratory risk factors. 

2. Materials and Methods 

2.1. Study Design and Population 

This was a prospective comparative study among Adults 

Diabetic patients with or without hypertension seen and 

referred to the Endocrinology clinic of a major tertiary health 

Institution in South Western Nigeria between July 2016 and 

April 2017. A purposive sampling technique was be used to 

select consecutive consenting cases and healthy controls. 153 

participants were enrolled for this study. Doppler 

Ultrasonography of the renal interlobar arteries was carried 

out on all cases and healthy controls. 

2.2. Inclusion Criteria 

Cases were adults aged 18 years and above that met the 

criteria for Diabetes as defined by WHO [30]. They were 

further sub-divided into Diabetic hypertensives and 

normotensive Diabetics by their known blood pressure or on 

hypertensives drugs. Healthy normotensive, non-diabetic 

adults without symptoms of Diabetes, renal or vascular 

diseases or abnormal blood glucose levels were selected as 

controls. 

Those that declined consent, diabetics below age 18 years 

or existing renal and vascular diseases were excluded from 

this study. 

2.3. Ethical Consideration 

Ethical approval was obtained from the joint University of 

Ibadan/University College Hospital ethical review 

committee. All participants signed an informed consent form. 

Their participation was voluntary and all participants 

informed they have the right to withdraw from the study at 

any time but will still have the required necessary treatment. 

Confidentiality of participants was preserved by giving 

numbers instead of real names. 

2.4. Clinical Evaluation 

The clinical parameters of all consenting patients including 

measurement of blood pressure, weight, and height were 

recorded and their body mass index calculated. Hypertension 

was defined by blood pressure measurement equal to or 

above 140/90mmHg where 140 is the systolic and 90 is 

diastolic [31]. Their serum creatinine, glycosylated 

haemoglobin (HbA1c) and lipid profile values and relevant 

sociodemographic data and clinical risk factors were 

recorded in the prepared data form. 

2.5. Ultrasonographic Examination 

All participants were evaluated using a General electric 

Logic P5 ultrasound scanner with Doppler capability and a 

trans-abdominal pulsed, 2 to 5 MHz curvilinear transducer. To 

avoid inter-observer variability all Doppler examinations were 
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done by the same qualified Radiologist with vast experience in 

vascular studies. All subjects were scanned in the supine 

position after an overnight fast and during suspended 

respiration at inspiration. The kidneys were scanned on B-

mode Ultrasound to locate the kidneys and colour Doppler to 

visualize the interlobar arteries. Afterwards Doppler 

interrogation of the interlobar arteries was carried out. The 

wall filter was set to 50 Hz and the sample volume was set at 

2–5 mm and adjusted as appropriate. The RI and PI were 

measured after 3 consecutive waveform cycles. The mean of 

the RI and PI were recorded and documented in the data form. 

2.6. Data Analysis 

The data was entered and analyzed using the statistical 

package for social sciences (SPSS) version 23.0 (SPSS, 

Chicago, IL, USA). Test of association between qualitative 

variables using Chi square test while the student t-test was 

used to test association between quantitative variables at 5% 

level of significance. The correlation between two variables 

was assessed by the Spearman coefficient. Categorical data 

were expressed as percentages. The χ2 or Fisher exact test 

was applied as appropriate. 

3. Results 

3.1. Clinico-Demographic Characteristics of the Study 

Population 

The Demographic and clinical characteristics of the 

studied population are reported in Table 1. 

Table 1. Age and sex distribution among the study population. 

Subject variables 
Type 2 DM with hypertension 

Present Absent Control P-value 

Age in group     

Below 40 years 2 (4.3) 2 (3.8) 2 (3.8)  

41 to 50 years 7 (14.9) 10 (18.9) 11 (20.8)  

51 to 60 years 13 (27.7) 14 (26.4) 15 (28.3) 0.999 

61 to 70 years 20 (42.6) 22 (41.5) 21 (39.6)  

Above 70 years 5 (10.6) 5 (9.4) 4 (7.5)  

Sex     

Male 16 (28.3) 15 (34) 20 (37.7) 0.604 

Female 31 (71.7) 38 (66) 33 (62.3)  

 

Expectedly, the mean Systolic blood pressure of 

hypertensive DM (HTDM) patients (Mean = 139.1 ± 21.70 

mmHg) is significantly higher than the mean Systolic blood 

pressure of normotensive DM patients (Mean = 118.5 ± 9.46 

mmHg) and the mean Systolic blood pressure of the controls 

(Mean = 109.0 ± 8.11 mmHg) respectively [F (2, 89) = 

46.38, p < 0.001]. Also, the mean Systolic blood pressure of 

normotensive DM patients was significantly higher than the 

mean systolic pressure of the controls. The differences in 

mean between the Diastolic blood pressure [F (2, 86) = 

14.01, p <0.001] and the Mean arterial pressure (MAP) [F (2, 

88) = 29.37, p < 0.001] among the groups also followed the 

same pattern. However, the mean Diastolic B. P and MAP for 

normotensive DM patients and control cases did not differ 

significantly. 

Although the mean serum creatinine level of Hypertensive 

DM patients was not statistically significantly different from 

the mean serum creatinine level of normotensive DM patients 

the mean serum creatinine level of the controls (Mean = 

0.56±0.26) was statistically significantly lower than the mean 

serum creatinine level of Hypertensive DM patients (Mean = 

1.41 ± 0.74) and normotensive DM patients (Mean = 1.24 ± 

0.56) respectively [F (2, 88) = 52.74, p < 0.001. Likewise, 

the result also showed a significant higher mean waist 

circumference among hypertensive DM patients (M = 92.92 

± 12.93 cm) and normotensive DM patients (Mean = 92.29 ± 

11.16 cm) compared to the mean waist circumference of 

controls (Mean = 80.36 ± 8.20 cm) [F (2, 94) = 27.46, p < 

0.001]. Also, the mean HbA1c level in hypertensive DM 

(HTDM) patients (Mean = 5.88 ± 0.93) and the mean HbA1c 

level of normotensive DM (NDM) patients (Mean = 5.59 ± 

0.75) each were statistically significantly higher than the 

mean HbA1c level of the controls (Mean = 4.99 ± 0.36) 

respectively [F (2, 77) = 20.95, p < 0.001], this is expected 

because the control subjects don’t have diabetes. There was 

no statistical significant difference between the means of 

HbAc1 level in HTDM and NDM patients. Similarly, the 

mean FBS in HTDM (Mean = 122.5 ± 21.99) and that of 

NDM patients (Mean = 124.7 ± 28.68) each were statistically 

significantly higher than the mean FBS level of the controls 

(n = 53, Mean = 80.85 ± 15.26) respectively [F (2, 150) = 

61.90, p < 0.001]. However, there was no statistical 

significant difference between the means of FBS level in 

Diabetic hypertensives and DM patients without 

Hypertension (Table 2). 
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Table 2. Clinico-laboratory parameters of the study population. 

Variables 

Diabetics with hypertension   Post hoc test 

Present 

(GRP 1) 

Absent 

(GRP 2) 

Control 

(GRP 3) F P- value Result 
Mean 

dif 

(95% CI Mean 

dif.) 
 �� ± �� �� ± �� �� ± �� 

Weight (kg) 63.57±6.85 65.63±14.47 64.51±7.62 0.500 0.608    

Systolic B. P(mmHg) 139.1±21.70 118.5±9.46 109.0±8.11 46.380* <0.001 

1>2 

1>3 

2>3 

20.59 

30.03 

9.43 

(12.37, 28.81) 

(21.95, 38.10) 

(5.36, 13.51) 

Diastolic B.P (mmHg) 83.43±14.05 72.42±8.41 71.92±5.39 14.007* <0.001 
1>2 

1>3 

11.01 

11.50 

(6.38, 15.64) 

(6.87, 16.13) 

Mean arterial blood 

pressure 
102.0±15.30 87.77±7.15 84.30±5.21 29.367 <0.001 

1>2 

1>3 

14.20 

17.68 

(9.49, 18.92) 

(12.96, 22.39) 

Serum 

creatinine(mg/dl) 
1.41±0.74 1.24±0.56 0.56±0.26 52.742* <0.001 1>3 2>3 

0.85 

0.67 

(0.58, 1.13) 

(0.47, 0.88) 

BMI 24.72±2.78 25.32±4.91 25.22±3.97 0.314 0.731    

HbA1c (%) 5.88±0.93 5.59±0.75 4.99±0.36 20.949* <0.001 1>3 2>3 
0.89 

0.60 

(0.51, 1.26) 

(0.29, 0.91) 

Cholesterol level 

(mg/dl) 
169.5±57.18 157.9±42.41  1.340 0.250    

waist circumference 92.92±12.93 92.29±11.16 80.36±8.20 27.464* <0.001 1>3 2>3 
12.56 

11.93 

(7.31, 17.81) 

(7.40, 16.46) 

Duration of diabetes 11.37±9.57 7.89±5.67  3.640* 0.062    

HDL(mg/dl) 41.44±14.52 43.97±31.06  0.257 0.613    

LDL(mg/dl) 125.3±82.54 123.6±75.06  0.012 0.914    

TGL(mg/dl) 121.2±47.38 116.1±55.56  0.240 0.625    

FBS(mg/dl) 122.5±21.99 124.7±28.68 80.85±15.26 61.897 <0.001 1>3 2>3 
41.62 

43.89 

(30.86, 52.37) 

(33.46, 54.31) 

PPBS(mg/dl) 135.3±43.32 122.1±17.79  3.765* 0.057    

Urinary 

albumin(mg/dl) 
108.2±42.77 105.6±45.39  0.084 0.773    

*Asymptotically F distributed. Welch test. 

3.2 Antihypertensive Medications 

Out of 41 patients whose drug history was documented 

apart from the hypoglycaemic agents, about 41.9% of the 

patients were on combinations of anti-hypertensive drugs. 

Majority of patients were on (32.6%) Nifedipine followed by 

Amlodipine (22.4%). 12.5 % use Lisinopril, while Aldomet 

and Hydrochlorothiazide showed an equal usage of 10.0% 

each. Moduretic were the medications used in 7.5%. The 

least used drugs in terms of frequency were Telmisartan 

(2.5%) and Ramipril (2.5%). 

3.3. Intrarenal Doppler Evaluation Among the Study 

Population 

The difference in mean of the Intra-renal Doppler 

parameter (RI) among HTDM (Mean = 0.72 ± 0.15), NDM 

patients (Mean = 0.69±0.08) and control (Mean = 0.63 ± 

0.08) were statistically significant, F (2, 89) = 10.94, p 

<0.001. Post hoc tests showed that the mean RI of both 

HTDM and NDM patients were statistically significantly 

higher than in control cases. Pairwise comparison among 

Diabetics however showed that, the mean RI for HTDM and 

NDM patients did not differ significantly. 

There was no statistical difference in the mean intra-renal 

PI among HTDM, NDM patients and the controls in this 

study (Table 3). 

Among the Diabetics, the trend of the intrarenal RI and PI is 

shown in table 4. There is a consistent statistically significant 

increase in the mean values of the RI ad PI as the age of the 

subjects and the duration of DM increases (Table 4). 

Table 3. Renal intrarenal Resistive and Pulsatility index in the study population. 

Variables 

DM cases with hypertension Post hoc test 

Present 

(GRP 1) 

Absent 

(GRP 2) 

Control 

(GRP 3) F P- value Result 
  

 �� ± �� �� ± �� �� ± �� Mean dif 95% CI Mean dif. 

Right RI 0.71±0.12 0.68±0.073 0.63±0.09 9.857 <0.001 
1>3 

2>3 

0.08 

0.05 

(0.04, 0.13) 

(0.01, 0.10) 

Left RI 0.73±0.21 0.69±0.09 0.63±0.08 9.004* <0.001 
1>3 

2>3 

0.10 

0.06 

(0.02, 0.18) 

(0.02, 0.10) 

Right PI 1.18±0.33 1.18±0.26 1.07±0.25 2.457 0.089    

Left PI 1.18±0.29 1.19±0.27 1.09±0.39 1.535 0.219    

Mean RI 0.72±0.15 
0.69±0.08 

 
0.63±0.08 10.938* <0.001 

1>3 

2>3 

0.09 

0.06 

(0.03, 0.15) 

(0.02, 0.09) 

Mean PI 1.18±0.29 1.18±0.24 1.08±0.28 2.382 0.096    

*Asymptotically F distributed. Welch test. RI= resistive index; PI= Pulsatility index; SD= standard deviation; CI= confidence interval. P ≤ 0.05 is significant 
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Table 4. Pattern of RI and PI in relation to age and duration of Diabetes among the cases. 

Parameters 
RI PI 

�� ± �� P* �� ± �� P* 

Age in group     

40 years and below 0.59±0.05  1.00±0.13  

41 to 50 years 0.69±0.11  1.06±0.21  

51 to 60 years 0.70±0.08 0.015 1.13±0.19 0.027 

61 to 70 years 0.71±0.11  1.21±0.26  

Above 70 years 0.74±0.21  1.43±0.36  

DM Duration     

5 years and below 0.68±0.09  1.11±0.21  

6 to 10 years 0.71±0.10  1.19±0.20  

11 to 15 years 0.75±0.05 0.002 1.26±0.24 0.003 

Above 15 years 0.78±0.23  1.43±0.43  

*Asymptotically F distributed. (Welch test). DM = diabetes mellitus;	� � 	
��; �� � 	��������	�
�������; � ∗� 0.05	��	��������������	�� ��!����. 

3.3.1. Resistive Index Classification of the Diabetic Groups 

and Comparison with Serum Creatinine and eGFR 

The diabetic hypertensives and normotensive diabetes 

were divided into low and high RI (< 0.65 or ≥0.65 

respectively) subgroups in accordance with the work of Bigé 

and colleagues [24]. Among DM patients, those with 

concomitant hypertension had higher mean serum creatinine 

values (M= 1.28±0.68 and M= 1.45±0.79) among the low 

and high RI subgroups respectively than in NDM patients 

(Figure 1). 

 

The error bar shows the standard deviation. 

Figure 1. Bar chart showing the serum creatinine levels in the Diabetic subgroups. 

Furthermore among DM patients with RI < 0.65 and those with RI ≥0.65, DM patients with concomitant hypertension and 

DM had lower mean eGFR values in both groups (M=74.72±40.56 and M=61.18±36.42) respectively than in NDM patients 

(Figure 2). 
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The error bar depicts the standard deviation. 

Figure 2. Bar chart of the diabetic group according to the eGFR and RI. 

3.3.2. Correlation between Intrarenal Impedance and Clinical risk Factor Among the Diabetics 

The intra renal Doppler RI showed statistical significant correlations with age (r = 0.236, p=0.019) and duration of diabetes 

(r = 0.333, p=0.003). While the intra renal Doppler PI also showed statistical significant associations with age (r = 0.370, 

p<0.001), duration of diabetes (r = 0.338, p = 0.002) and serum creatinine level (r = 0.208, p = 0.039) as shown in Table 5. 

Table 5. Correlation between renal RI and PI with clinical risk factors among Diabetics. 

Clinical risk factors 
Resistive Index Pulsatility index 

Correlation coefficient p-value N Correlation coefficient p-value N 

Age 0.236 0.019 98 0.370 <0.001 98 

waist circumference -0.001 0.995 98 0.046 0.650 98 

Duration of diabetes 0.333 0.003 78 0.338 0.002 78 

cholesterol level (mg/dl) -0.001 0.992 98 -0.194 0.056 98 

HbA1c (%) -0.034 0.742 98 0.053 0.604 98 

BMI 0.136 0.183 98 -0.035 0.735 98 

Systolic blood pressure 0.185 0.069 98 -0.001 0.989 98 

Diastolic blood pressure 0.122 0.230 98 -0.017 0.868 98 

Mean arterial blood pressure 0.169 0.096 98 -0.034 0.738 98 

Serum creatinine 0.064 0.532 98 0.208 0.039 98 

P value ≤ 0.05 is statistically significant. 

3.3.3. Factors Associated with Concomitant Hypertension 

and DM in the Study Population 

There was a statistical significant difference in the SBP, 

DBP and mean arterial blood pressure between NDM 

patients (M = 139.1± 21.70, 118.5 ± 9.6 and 87.77 ± 

7.15mmHg) and HTDMs (M = 83.43 ± 14.05; 72.42 ± 8.41 

and 102.0 ± 15.30 mmHg) (p < 0.001). The patient’s age, 

cholesterol level, serum creatinine, Urinary albumin and 

duration of diabetes however showed no such association 

(Table 6). 
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Table 6. Association between Concomitant Hypertensive Diabetic state, selected clinico-laboratory risk factors and renal vascular impedance. 

 

DIABETIC GROUPS 95% CI for Mean 

Difference 
 

Hypertensive DM Normotensive DM 

Mean SD n Mean SD n 
 

t df p-value 

Age 60.55 10.67 47 59.30 10.00 53 5.35, -2.85 0.605 98 0.547 

waist circumference 92.92 12.93 47 92.29 11.16 53 5.41, -4.15 0.263 98 0.793 

BMI 24.72 2.78 47 25.32 4.91 53 0.96, -2.17 -0.763 84 0.448 

Duration of diabetes (years) 11.37 9.57 35 7.89 5.67 45 7.15, -0.18 1.908 52 0.062 

Cholesterol level (mg/dl) 169.5 57.18 47 157.9 42.41 53 31.40, -8.27 1.157 98 0.250 

HbA1c (%) 5.88 0.93 47 5.59 0.75 53 0.62, -0.049 1.694 98 0.093 

Serum creatinine 1.41 0.74 47 1.24 0.56 53 0.44, -0.08 1.375 98 0.172 

Urinary albumin (mg/dl) 108.2 42.77 46 105.6 45.39 50 20.53, -15.30 0.290 94 0.773 

Systolic blood pressure(mmHg) 139.1 21.70 47 118.5 9.46 53 13.75, 27.43 6.017 61 <0.001 

Diastolic blood pressure(mmHg) 83.43 14.05 47 72.42 8.41 53 6.32, 15.70 4.680 73 <0.001 

eGFR(mL/min/1.73m2) 64.76 37.50 45 72.96 40.23 53 -23.80, 7.39 -1.044 97 0.299 

Mean arterial blood pressure 102.0 15.30 47 87.77 7.15 53 9.33, 19.07 5.824 63 <0.001 

Kidney RI 0.72 0.15 45 0.69 0.08 53 0.08, -0.02 1.387 64 0.170 

Kidney PI 1.18 0.29 45 1.18 0.24 53 0.10, -0.11 -0.052 96 0.959 

BMI= body mass index; RI= resistivity index; PI= Pulsatility index; SD= standard deviation; t= students’ test; n= number of cases; CI= confidence interval; 

eGFR = estimated glomerular filtration rate and P≤ 0.05 is statistically significant. 

Also in this study, there was no statistical significant 

association between sex and hypertension in DM patients; X
2 

= 
0.384 and P=0.536. 

3.3.4. Predictors of Diabetic Hypertensive Co-Morbidity in 

the Study Population 

After adjusting for confounders, among all factors 

considered, the Mean arterial blood pressure was statistically 

significant associated with hypertension in DM. A unit 

increase in mean arterial blood pressure increases the risk of 

hypertension in DM patients by about 3% (AOR= 1.03, 95% 

CI 1.10; 1.33, p <0.001). Also, an increase by 1mg/dl in 

cholesterol level increases the risk of hypertension in DM 

patients by about 1% (AOR= 1.01, 95% CI 1.00; 1.02, p = 

0.044). However, hypertension in DM was not statistically 

significantly associated with the intra renal RI and PI as 

shown in table 7. 

Table 7. Multivariate analysis of hypertension in DM patients and predictors. 

Variables Adjusted OR 
95% confidence Interval 

P-Value 
Lower Upper 

Mean RI 0.74 0.002 254.5 0.920 

Mean PI 0.26 0.01 6.20 0.406 

cholesterol level (mg/dl) 1.01 1.00 1.02 0.044 

VLDL(mg/dl)-HBA1C 1.76 0.76 4.06 0.185 

BMI 1.06 0.91 1.25 0.454 

Mean arterial blood pressure 1.21 1.10 1.33 <0.001 

Age 1.03 0.95 1.12 0.416 

Serum creatinine 0.63 0.19 2.11 0.455 

Duration of diabetes 1.07 0.94 1.22 0.292 

Sex     

Male 1    

Female 1.720 0.35 8.58 0.842 

 

4. Discussion 

Diabetes and hypertension are major causes of 

microvascular and macrovascular complications with 

attendant high morbidity and mortality. Concomitant 

hypertension, which occurs in 20 -75% of DM cases further 

accelerates and worsens already serious cardiovascular 

complications. In this study, age group and gender matched 

participants were enrolled. There were no statistical 

differences in the ages and sex of the 3 groups, this may 

reduce the effect of age and gender as confounders in this 

study. The observed statistically higher systolic, diastolic 

and mean arterial blood pressure, is expected due to the 

concomitant hypertension in the Diabetic group. Diabetes 

and/or hypertension could cause deranged renal function 

with consequent high serum creatinine levels as 

demonstrated in this study. HbA1c levels though higher in 

the Diabetic groups was within the normal limits of normal 

values. This showed good compliance with medications and 

other management protocols with good glycaemic control 

of the chronic exposure to glucose among diabetics in this 

study [32-33]. The waist circumference (WC), a reflection 

of subjects’ abdominal adiposity was higher in the 

Diabetics, similar to the higher BMI observed in diabetic 

groups compared to the controls. High WC and BMI, both 

indicators of obesity, have been documented to be 

positively associated with DM [34-36]. 

The mean values of the WC and BMI of Diabetics in this 

study, though slightly higher in the Diabetic hypertensives 

showed that most Diabetic patient are overweight, despite 
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being on treatment for years. 

In the study population, the presence of diabetes mellitus 

significantly affects the intra renal RI with higher values in 

persons with diabetes, this is in agreement with the work of 

Ishimura and co-workers [37] that reported that intra renal RI 

can be a marker of systemic arteriosclerosis caused by 

modifiable factors like HT, dyslipidaemia, DM, aging and 

smoking. Mean RI of 0.72 and 0.61 were observed amongst 

Diabetics and control in this study in agreement with 

previous research work [38]. However, no such changes was 

observed with the PI. Although some researchers documented 

significant differences in PI between persons with Diabetes 

and normal control subjects [38, 39]. We postulate that 

amongst DM cases, good compliance to treatment possibly 

reverts the PI to almost normal values before the RI changes, 

thus accounting for the lack of difference of PI values 

between the groups. According to literature reports, the RI 

and PI show consistent increase as the age of the subjects 

increases both in persons with diabetes and in normal healthy 

controls. The reasons postulated for this were increasing 

arteriosclerotic change with age and resultant intrarenal 

vascular resistance [37, 40-41]. Our findings among persons 

with DM also corroborates this. 

Similarly we observed increasing RI and PI with 

increasing duration of DM; this is probably due to worsening 

effect of atherosclerosis as duration of DM increases with 

consequent high vascular resistance. 

Expectedly, concomitant HT with DM has been reported to 

significantly increase the intrarenal RI and PI than in 

normotensive persons with diabetes due to the confounding 

effect of hypertension on DM causing worsening 

atherosclerosis and vessel wall stiffening with resultant 

increase in the renal vascular resistance [38, 42]. Our study 

however differs on this, as the RI though slightly higher in 

HTDM than in normotensive Diabetics was not significantly 

different. Reasons for this difference may be due to 

differences in study design and methodology. In these works, 

the researchers did not specify whether their cases were 

newly diagnosed, untreated or the antihypertensive drugs 

were discontinued before Doppler interrogation of the renal 

vessels. In this study patients had their medications during 

the course of this research. Furthermore we observed that the 

intra-renal PI showed no differences among the Diabetics and 

healthy control and between HTDM and normotensive DM 

patients in agreement with previous study by Panaritis and 

colleagues
 
[43]. 

Although the added athereoscreotic effect of hypertension 

should have caused a significant change in the renal 

impedance, we believed that the pharmacological effect of 

the anti-hypertensives drugs (Angiotensin converting enzyme 

inhibitors and Angiotensin receptor antagonists [44], calcium 

channel blockers [45, 46] and beta blockers) on renal vessel 

vasodilation and subsequent reduction of vascular resistance 

over time is most probably the major factor for the lack of 

much disparity in the renal impedance parameters among 

these 2 groups. Good glycaemic control also would have 

slowed down the expected high renal vascular resistance 

from microvascular effect of DM. 

Although, Lorenzo and colleagues also observed a slight 

increase in renal vascular impedance at the interlobar 

arteries, in patients with primary hypertension. They however 

reported an association between the observed slight renal 

vascular impedance increase and subclinical abnormalities of 

renal function. This is similar to the observed slightly high RI 

in hypertensive Diabetics in this study. 

Reports from Bigé and colleagues [24] suggested that RI ≥ 

0.65 is associated with severe interstitial fibrosis and 

arteriosclerosis and consequently declining renal function. 

They concluded that RI may be important in identifying 

patients at high risk of end stage renal diseases. Using this RI 

cut off, we observed that the serum creatinine levels were 

higher in subjects with HTDM and their eGFR lower than in 

normotensive persons with diabetes thus stressing the fact 

that concomitant Diabetes Mellitus and hypertension has 

some summation effect on the renal function, even when well 

managed with medications. 

Furthermore the observed lack of intra-renal PI differences 

among the normotensive Diabetics and hypertensive Diabetic 

is in agreement with the work of Paneritis and colleagues 

previous study
 
[43]. We postulate that the anti-hypertensive 

drugs lowers the intrarenal PI at a faster rate than the RI 

during treatment. More population based studies are 

necessary to address the pharmacological effect of anti-

hypertensive drugs on renal vessel vasodilation and vascular 

resistance parameters. 

Correlations of RI and PI with selected risk factors showed 

that the RI increases with increasing patient’s age and 

duration of diabetes. This observation may be due to the 

increasing effect of atherosclerosis as these risk factors have 

been associated with atherosclerosis [38]. Increase in serum 

creatinine level also showed correlations with increasing PI 

but not RI. It is possible the PI is more sensitive to changes in 

renal function than RI. This could not be corroborated as 

there is dearth of literature on the serum creatinine and PI 

indices in patients with concomitant hypertension and 

Diabetes. 

In this study, predictors of HTDM status were the mean 

arterial blood pressure and cholesterol levels. A unit increase 

in mean arterial blood pressure increases the risk of 

hypertension in DM patients by about 3% (AOR= 1.03, 95% 

CI 1.10; 1.33, p <0.001). Also, an increase by 1mg/dl in 

cholesterol level increases the risk of hypertension in DM 

patients by about 1% (AOR= 1.01, 95% CI 1.00; 1.02, p = 

0.044). The RI and PI were not predictors of HTDM in long 

standing DM with good blood pressure and glycaemic 

control probably due to the vasodilation effect of the anti-

hypertensive medications. 

Monitoring of the renal impedance may become an important 

tool to evaluate response to therapeutic effect of anti-

hypertensive drugs among Diabetic hypertensives in the future. 

Limitation in this study is that newly diagnosed Diabetic 

hypertensives were not included in the study design. Future 

studies would explore the effect of renal impedance in this 

particular group of patients. 
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5. Conclusion 

This study has shown that even with good blood pressure 

management and glycaemic control, concomitant 

hypertension with DM causes slightly high renal vascular 

impedance, particularly the RI as well as mild renal 

dysfunction than in normotensive persons with diabetes. 

The RI is a more constant Doppler parameter than PI in 

renal vascular resistance evaluation, even among healthy 

people. 

While the blood pressure is positively associated HTDM, 

the arterial blood pressure and cholesterol are predictors of 

concomitant Diabetic-Hypertensive status in this study. 
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