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Abstract: 
Background  
Prehypertension is associated with an increased risk of the development of hypertension and subsequent 
cardiovascular disease and raises mortality risk. 
The aim of this study was to determine the prevalence of prehypertension and to explore the associations 
between prehypertension and diabetes in a Prospective, hospital-based, cross-sectional, observational 
study.  
Material and Methods 
This study was based on 91 diabetic patients selected randomly from the patients who attended the 
Department of General Medicine of one teaching district hospital between the months of April 2016 to 
February 2018.  
Data was collected first of all by interviewing the patients with pretested schedule and then examining them 
clinically and by laboratory investigations after taking informed consent from patients or relatives of patients. 
The details of the procedure of data collection is described in the under 'materials and methods'. 
Statistical Analysis was performed with help of Epi Info (TM) 7.2.2.2 which is a trademark of the Centers 
for Disease Control and Prevention (CDC).  
Result  
Significant associations of prehypertension were found with increased FBS & PPBS (p<0.05).  
Also prehypertension with DM significantly responsible CAD, albuminuria, and retinopathy (p,0.05).  
Conclusion  
Prehypertension, even in the low range, are associated with diabetes and elevates the risk of CVD, 
retinopathy and chronic diseases. So care must be taken while treating the patients with diabetes and pre-
hypertension.  
Keywords: ACEI, ARB, Normotension, Prehypertension, Cardiovascular diseases, Morbidity, JNC6, JNC7 
 

Introduction  

As the pattern of diseases changes with time, diseases of the modern day like 
Hypertension, diabetes, cardiovascular disease, cancer, mental illness and accidents 
have become the leading causes of death worldwide. Hypertension is one of the major 
risk factors for most forms of cardiovascular disease and interestingly it has its own risk 
factors too. Blood pressure is the most commonly measured parameter of the 
cardiovascular system. Since 1971 we are trying to evaluate the eluding pathological cut 
off blood pressure limit. A magical zone has however been attained, which can be 
pragmatically defined as1 “the level of pressure at which action is warranted.” The name 
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evolved from the “BORDERLINE HYPERTENSION to HIGH NORMAL BLOOD 
PRESSURE” to PREHYPERTENSION. This name warrants individuals, clinicians, 
researchers and nations to become proactive against the disease which may silently kill. 

The NHLBI (National Heart, Lung and Blood Institute) has been coordinating (NHBPEP) 
National High Blood Pressure Education Program to issue guidelines and advisories 
designed to increase awareness, prevention, treatment and control of Hypertension. 
Since the Publication of the sixth report of the Joint National Committee (JNC 6) on 
prevention, detection, evolution and treatment of high blood pressure in 19933 many large 
scale clinical trials have been published. 2 The JNC 7 report provided a new guideline in 
the NHBPEP and a new category designated as PREHYPERTENSION was added. 
Individuals with a systolic blood pressure of 120 to 139 mmHg and a diastolic blood 
pressure of 80 to 89 mmHg are considered prehypertension. These patients are at an 
increased risk for progression to hypertension and require lifestyle modifications and 
drugs if needed to prevent cardiovascular diseases (CVD) as there is a consistent 
relationship between increased BP and CVD.  

According to the JNC 7 the higher the blood pressure the greater is the chance of 
cardiovascular disease. For individuals aged 40-70 yrs. each 20 mmHg increment in 
systolic BP or 10mmHg increment in diastolic BP, doubles the risk of cardiovascular 
disease, across the entire range of BP from 115/75 to 185/115 mmHg.4 The classification 
“prehypertension” introduced in the JNC 7 report recognizes this relationship and signals 
the need for increased education of healthcare professionals and public to reduce BP 
levels and prevent development of hypertension in the general population. 

MAJOR CARDIOVASCULAR RISK FACTORS (according to JNC7)  

1. Hypertension (SBP≥140mmHg, DBP≥90mmHg) or any range of hypertension on 
antihypertensive drugs.  

2. Diabetes mellitus (FBS≥126 mg/dl; PPBS ≥ 200mg/dl). DM has been described as 
a coronary artery disease equivalent because the cardiovascular outcome is 
almost same in "non diabetic with previous history of acute coronary syndrome” 
and diabetes without acute coronary syndrome11.  

3. Dyslipidemia (LDL ≥ 100mg/dl).  

(HDL < 40mg/dl in males and HDL < 50 mg/dl in females)  

(TG ≥ 150mg/dl)  

(Total Cholesterol > 250 mg/dl)   

4. Microalbuminuria 30-299 µg/mg creatinine   /GFR< 60ml/min/1.72m2  
5. Age(>55 in males and > 65 in females)  
6. Tobacco (both smoking and chewing)  
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7. Obesity (BMI ≥ 30Kg/m2)  
8. Physical inactivity.  
9. Family H/O premature death due to cardiovascular disease (before 55yrs in males 

and before 65 yrs females).  

COMMON TARGET ORGAN DAMAGES (as per JNC 7)  

Heart  

1. Left ventricular hypertrophy.  
2. Angina or prior myocardial infarction.   
3. Prior coronary revascularization.  
4. Heart failure.   

 Brain  

1. Stroke or transient ischemic attack.  

Kidneys  

1. Chronic kidney disease.  

 Eyes  

1. Retinopathy.  

Vessels  

1. Peripheral arterial disease. 

Special emphasis is to be given on reduction of cardiovascular events amongst diabetic 
subjects as diabetes mellitus is considered a coronary event equivalent. Hypertension in 
diabetic subject is a very common finding in day to day clinics. Hypertension and DM 
coexist is approximately 30% of type I and 20% to 60% of type II diabetes29,30. Both these 
diseases produce similar end organ damages. It is well known that hypertension 
increases the prevalence of target organ damage in diabetics. Absence of hypertension 
reduces this risk. Meticulous BP lowering effect has more positive effect than meticulous 
blood glucose level control over the cardiovascular outcome.  

Hypertension and prehypertension are major determinants of cardiovascular outcome. In 
the course of time up to 70% of diabetics can become hypertensive also. Hence early 
detection of those at risk and prevention or utmost delay of the development of 
hypertension is very important. Since hypertension and diabetes have compounding 
effect on cardiovascular outcome and since both of them clearly documented as separate 
risk factors, it is worthwhile to have a study on a subset of diabetic population and 
measure the prevalence of the entity PREHYPERTENSION and its associated condition 
in diabetic subjects.  
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AIMS AND OBJECTIVES: 

Aims: 

To determine the prevalence of prehypertension amongst diagnosed cases of diabetes 
mellitus. 

Objectives:  

1. To find association between cardiovascular diseases and prehypertension and 
diabetes, if any. 

2. To find association between retinopathy and prehypertension and diabetes, if any. 
3. To find association between albuminuria and prehypertension and diabetes, if any. 

MATERIAL AND METHODS STUDY: Department of General Medicine, M. R. Bangur 
Hospital, Tollygunge, Kolkata-700 033, West Bengal. 

STUDY POPULATION: All the patients who attended the OPD and admitted to IPD of 
Department of General Medicine, M. R. Bangur Hospital with diabetes mellitus during the 
period of study i.e. from April 2016 to February 2018.  

STUDY DESIGN: A Prospective, hospital-based, cross-sectional, observational study.  

TIME FRAME TO ADDRESS THE STUDY: The duration of the study was from April 2016 
to February 2018. 

SAMPLE SIZE & SAMPLE TECHNIQUE: 

SAMPLE SIZE – Parthaje56 et al. found in their study that proportion of patients with 
prehypertension and diabetes mellitus was 55.0% (i.e. p=0.55). Thus the number of 
patients required for this study was 90.65 ~ 91 with power 81%. The formula used for 
sample size calculation was as follows:-  

n = 4pq / (L2 ) Where n= Required sample size p= 0.55 (as per the study by Parthaje et 
al56.) 

q = 1 - p  

L = Loss % (Loss of information)=19% 

Calculation: Here p= 0.55 

 q=1-p = 1-0.55 =0.45 

 4pq = 4 x 0.55 x 0.45 = 0.99 

 L 2 = (0.19 x 0.55)2 = 0.0109  

 n = 4pq / (L2 ) = 0.99/0.0109 = 90.65 = 91  
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SAMPLE TECHNIQUE: The patients were selected randomly. The random numbers 
were used from Kevin Conroy: 5120 Random Numbers  

INCLUSION AND EXCLUSION CRITERIA 

Inclusion Criteria:  

a) Patients with diabetes mellitus registered at the hospital between April 2016 to 
February 2018 were included in the study after taking proper informed consent. 

b) Age limit 20 to 70 years.  
c) Known patients of hypertension, CVD, albuminuria and retinopathy.  

Exclusion Criteria:  

2. Patient who do not give consent to the study  
3. Pregnant or lactating patients. 
4. Known patients of hypertension, CVD, albuminuria and retinopathy  
5. Patient with significant medical illness 

METHODOLOGY PROCEDURE OF DATA COLLECTION –  

Patients and patient’s relatives were fully explained by their mother language (Bengali, 
Hindi and English) about the study. After getting informed consent from them, patients 
were included in the study according to the inclusion and exclusion criteria as mentioned 
previously. The method of data collection included history taking, physical examination, 
laboratory examination and from medical records of the hospital. The BLOOD 
PRESSURE was measured in standard protocol in all the studied diabetes cases.  

Method of blood pressure measurement in standard protocol: 

The auscultatory method of BP measurement with a properly calibrated and validated 
instrument was used. Patient had to sit quietly for 5 minutes in a chair, with feet on the 
floor and back was rested on the back of the chair. Center of the cuff was kept at heart 
level and appropriate sized cuff (width of the bladder cuff at least 40% of the arm 
circumference; the length of the bladder cuff encircling at least 80% of arm circumference) 
was used. At least two measurements had been taken. Rate of deflation of the cuff was 
2 mmHg/sec. The point where first sound was heard (phase 1) was considered as SBP, 
and DBP was the point before the disappearance of sounds (phase 5). 

Then the patients were classified in three groups:-  

Diabetes with NORMOTENSION. Normotension was taken as Systolic Blood Pressure 
less than 120 mmHg, and Diastolic Blood Pressure less than 80 mmHg.  

Diabetes with PREHYPERTENSION. Prehypertension was taken as – Systolic Blood 
Pressure between 120-139 mmHg, And/or Diastolic Blood Pressure between 80-89 
mmHg. 
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Diabetes with HYPERTENSION Hypertension was taken as – Systolic Blood Pressure 
above 140 mmHg, And/or Diastolic Blood Pressure above 90 mmHg. 

Now, each and every subject was studied for :- 

 -Any associated risk factors for cardiovascular diseases as per JNC 7 guidelines (vide 
introduction of this study).  

-Any associated target organ damages as per JNC 7 (vide introduction of this study) 

A. Clinical Methods Anthropometric Measurements 

 i) Weight was measured in Kilograms by means of a standard weighing machine in 
unsupported standing posture. 

 ii) Height was measured in standing posture, in centimeters with stadiometer.  

iii) Waist circumference was measured midway between the highest point on Iliac crest & 
lowest point on costal margin in mid inspiration by means of a soft measuring tape (in 
centimeters) 

In this study the higher normal value of waist circumference was taken as described in 
the ATP III guidelines.59  

Waist circumference: ≥102 cm (40 inch) in male and ≥88 cm (35 inch) in female was taken 
as above normal during further evaluation. 

 iv) Body Mass Index (BMI) calculated by the formula: Weight in Kilograms/Height in 
Meters2 . Weight in Kilograms BMI = (Height in Meters)2 

 According to WHO(World Health Organization) revised BMI criteria for asian/Indians is 
as follows 

Underweight- 23  

Normal- 18.5-22.9  

At risk- 23-24.9 

Overweight- >23 

Obese I- 25-29.9  

Obese II- >30 

B. Biochemical Investigations 

i) Fasting blood sugar was measured following collection of venous blood after 8 to 10 
hours of overnight fasting. Post Prandial blood sugar was collected after 2 hours of taking 
normal breakfast. The plasma glucose level measured by RA-50 chemistry analyzer using 
'Glucose Oxidase – Peroxidase' method. (Autopak enzymatic method code 801). 
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Diabetes mellitus was defined by the American Diabetic Association as 'a group of 
metabolic diseases characterized by hyperglycaemia resulting from defects in insulin 
secretion, insulin action or both’. For diagnosis of diabetes, at least one of the three 
criteria was searched: 

 Symptoms of diabetes (polyuria, polydipsia, unexplained weight loss, etc.) as well as 
a casual plasma glucose concentration of ≥ 200mg/dl. 

 Fasting plasma glucose ≥ 126 mg/dl with no calorie intake for at least 8 hours. 

 2-hrs. plasma glucose ≥ 200 mg/dl during an OGTT, with a glucose load of 75 gm of 
anhydrous glucose in water. 

 ii. Lipid profile measured following 12 hours of overnight fasting.  

 Serum Triglyceride (TG), Total cholesterol (TC), High Density Lipoprotein – Cholesterol 
(HDL-C) Low Density Lipoprotein – cholesterol (LDL-c) & Very Low Density Lipoprotein 
– cholesterol (VLDL – c) were measured. 

Serum urea and creatinine were measured by automated analyzer. Creatinine level > 1.3 
mg/dl in female and > 1.5 mg/dl in male was taken as significant. As these above said 
levels correspond approximately with significant reduction in GFR below 60 ml/min/1.73 
m2 

GFR was calculated from the CKD-EPI Creatinine 2009 Equation : eGFR = 141 x 
min(SCr/κ, 1)α x. max(SCr /κ, 1)-1.209 x. 

As per Chronic renal disease outcome quality initiative definition/ criteria for chronic 
kidney disease13 GFR < 60 ml/min 1.73 m2 was taken as significant reduction of GFR, 
because persons having GFR below that cut off level for 3 months or more with or without 
other evidence of kidney damage were defined as having chronic renal disease.  

Following investigation done of those patients who needed for these:- 

1. 24 hours urinary albumin or spot urinary albumin: urinary creatinine ratio. Persistent 
albuminuria in the range of 30-299 mg/24 hrs, or albumin in spot urine in the range of 
30-299 µg/mg of urinary creatinine was considered as microalbuminuria. Albumin 
detected below that range was taken as normal and above that range was considered 
as macroalbuminura (clinical).  

 
2. ECG (Electrocardiogram) – standard 12 lead ECG was done to detect arrhythmia, 

conduction defect, ischemia or infarction.  
 
3. ETT (Exercise Tolerance Test)/TMT (Tread Mill Test) – to detect stress provoked 

arrhythmia or ischemia. Bruce protocol was followed generally to achieve the target 
goal but in case of debilitated or elderly subjects modified Bruce protocol was 
followed. 
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4. Direct ophthalmoscopy done after dilating the pupil with Tropicamide 1% eye drop, if 

no specific contraindication was there for use of the drop. And consultation from the 
specialist ophthalmologist was taken wherever needed from the department of 
Ophthalmology. The details of the taken history, clinical examination, and the 
investigation were described in the PROFORMA (vide appendix). 

 

Statistical Methods: 

Statistical Analysis was performed with help of Epi Info (TM) 7.2.2.2 which is a trademark 
of the Centers for Disease Control and Prevention (CDC).  

Using this software, basic cross-tabulation and frequency distributions were prepared. 
test was used to test the association between different study variables. Z-test was used 
to test the significant difference between two proportions. Corrected Chi-square was used 
to test the association between different study variables in case of one of the cell 
frequencies found to be less than 5.  

One way analysis of variance (ANOVA) followed by Tukeys test was used to compare 
more than more than two means at a time with the help of critical difference (CD). Odds 
ratio (OR) with 95% Confidence Interval (CI) was calculated to measure the different risk 
factor. Multiple Logistic Regression Analysis was also performed to find the risk factors 
after adjusting the risk factors. Significance level was set at 0.05 and confidence intervals 
were at 95 percent level. p≤0.05 was considered to be statistically significant 

RESULTS AND ANALYSIS  

Overall 91 adult diabetics were selected randomly with the help of Random Numbers. 
Table-1: Distribution of different parameters of the patients 

 

 

Parameters  Mean±s.d.  Median  Range  

Age (in years)  46.34±10.36  47  22 - 68  

DBP (mm/Hg)  85.92±6.62  88  70 - 110  

SBP (mm/Hg)  134.91±14.42  138  110 - 190  

HTN   duration (yrs)  2.99±2.55  2  0.1 - 12.0  

DM    duration (yrs)  6.47±6.17  5  0.4 - 30.0  

Weight(Kg)  60.85±6.28  60  52 - 76  

Height(Mt)  1.62±0.07  1.63  1.50 - 1.77  
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Mean (Mean±sd) BMI of the patients was 23.31±2.66 kg/m2 with median 22.18 kg/m2.  

Table-2: Distribution of patients according to type of hypertension as per the 
blood pressure 

Type of 
hypertension 

Number % 

 20 22.0% 

 39 42.9% 

 32 35.2% 

 91 100.0% 

 

42.9% of the patients had Pre-hypertension but test of proportion showed that it was not 
significantly higher (Z=1.15; p=0.24). Thus the prevalence of Pre-hypertension was 
42.9%. 

WC (Cm)  88.59±10.18  91  70 - 110  

BMI (kg/m2)  23.31±2.66  22.18  20.08 - 29.86  

FBS (mg/dl)  177.37±76.17  170  64 - 498  

PPBS (mg/dl)  249.05±84.74  230  90 - 480  

TG (mg/dl)  132.88±53.82  118  70 - 299  

LDL(mg/dl)  197.64±45.47  184  82 - 321  

LDL(mg/dl)  120.20±18.58  118  87 - 166  

VLDL  27.09±12.19  23  14 - 60  

HDL(mg/dl)  43.91±9.26  43  31 - 66  

UREA  30.81±12.24  28  16 - 86  

CR  0.92±0.40  0.9  0 - 3  

GFR  74.37±19.56  78.2  23.6 - 164.5  

Serum Uric Acid (mg/dl)  4.41±1.61  4.2  1.6 - 8.6  



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication：Online Open Access 

Vol: 41 Issue: 07-2022 
DOI 10.17605/OSF.IO/8G976 
 
 

July 2022 | 71  

 

  

   Normotension            Pre-hypertension            Hypertension 

 

Table: 3 Association between of level of FBS and type of hypertension of the 
patients 

Level of 
FBS (mg/dl) 

Normotension Prehypertension Hypertension 
TOTAL 

≥126  
Row %  
Col %  

13 
18.8 
65.0 

28 
40.6 
71.8 

28 
40.6 
87.5 

69 
100.0 
75.8 

<126  
Row %  
Col %  

7 
31.8 
35.0 

11 
50.0 
28.2 

4 
18.2 
12.5 

22 
100.0 
24.2 

TOTAL  
Row %  
Col %  

20 
22.0 
100.0 

39 
42.9 

100.0 

32 
35.2 

100.0 

91 
100.0 
100.0 

 

χ 2 = 4.00; p=0.13 NS-Not Significant  

Normotension 

22%  

  

Pre-

hypertension 

42.9% 

Hypertension 

35.2 % 
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Chi-square (χ2 ) test showed that there was no significant association between level of 
FBS and type of hypertension of the patients (p=0.13).   

 

 

Table 4:  Association between of level of PPBS and type of hypertension of the 

patients 

Level of 
PPBS 

(mg/dl) 

Norm 
tension 

Prehypertension Hypertension TOTAL 

≥200  
Row %  
Col %  

14 
21.5 
70.0 

  26 
  40.0 
  66.7 

  25 
  38.5 
  78.1 

 65 
 100.0 
 71.4 

<200  
Row %  
Col %  

6 
23.1 
30.0 

  13 
  50.0 
  33.3 

  7 
  26.9 
  21.9 

 26 
 100.0 
 28.6 

TOTAL  
Row %  
Col %  

20 
22.0 
100.0 

  39 
  42.9 
  100.0 

  32 
  35.2 
  100.0 

 91 
 100.0 
 100.0 

 

χ2 = 1.15; p=0.56 NS-Not Significant  
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Chi-square ( χ2 ) test showed that there was no significant association between level of 
PPBS and type of hypertension of the patients (p=0.56).   

Both prehypertension (66.7%) and hypertension (78.1%) were mostly prevalent among 
the patients with level of PPBS≥200 mg/dl (for pre-HTN Z=4.80;p<0.001); for HTN 
Z=7.91;p<0.001).  

 

                                   

Table 5:  Association between CAD and type of hypertension of the patients 

CAD Norm 
tension 

Prehypertension Hypertension TOTAL 

Present  

Row %  

Col %  

0 

0.0 

0.0 

5 

41.7 

12.8 

7 

58.3 

21.9 

12 

100.0 

13.2 

Absent  

Row %  

Col %  

20 

25.3 100.0 

34 

43.0 

87.2 

25 

31.6 

78.1 

79 

100.0 

86.8 

TOTAL  

Row %  

Col %  

20 

22.0 100.0 

39 

42.9 

100.0 

32 

35.2 

100.0 

91 

100.0 

100.0 
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χ2 = 5.15; p=0.07 NS-Not Significant  

Chi-square ( χ2 ) test showed that there was no significant association between CAD and 
type of hypertension of the patients (p=0.07).   

 All the  patients with CAD were with prehypertension (12.8%)  and hypertension (21.9%) 
which was significantly higher than that of normotension (0.0%) (Z=3.72;p=0.0002).  
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Table 6:  Association between retinopathy and type of hypertension of the 
patients 

Retinopathy Norm 
tension 

Prehypertension Hypertension TOTAL 

B/L PDR  

Row %  

Col %  

0 

0.0 

0.0 

1 

33.3 

2.6 

2 

66.7 

6.3 

3 

100.0 

3.3 

Maculopathy  

Row %  

Col %  

3 

25.0 

15.0 

5 

41.7 

12.8 

4 

33.3 

12.5 

12 

100.0 

13.2 

NPDR  

Row %  

Col %  

2 

11.8 

10.0 

11 

64.7 

28.2 

4 

23.5 

12.5 

17 

100.0 

18.7 

PDR  

Row %  

Col %  

0 

0.0 

0.0 

4 

30.8 

10.3 

9 

69.2 

28.1 

13 

100.0 

14.3 

PDR+ B/L  

Maculopathy  

Row %  

Col %  

1 

50.0 

5.0 

0 

0.0 

0.0 

1 

50.0 

3.1 

2 

100.0 

2.2 

Nil  

Row %  

Col %  

14 

31.8 

70.0 

18 

40.9 

46.2 

12 

27.3 

37.5 

44 

100.0 

48.4 

TOTAL  

Row %  

Col %  

20 

22.0 100.0 

39 

42.9 

100.0 

32 

35.2 

100.0 

91 

100.0 

100.0 

 

χ2 = 17.03; p=0.07 NS-Not Significant  
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Chi-square (χ2 ) test showed that there was no significant association between 
retinopathy and type of hypertension of the patients (p=0.07).   

 The retinopathy was mostly prevalent among the patients with prehypertension (53.8%)  
and hypertension (62.5%) which were significantly higher than that of normotension 
(30.0%) (Z=3.43;p=0.00058).  
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Table 7: Association between Albuminuria and type of hypertension of the    
patients 

Albuminuria Norm 
tension 

Prehypertension Hypertension TOTAL 

Present  
Row %  
Col %  

1 
4.0 
5.0 

10 
40.0 
25.6 

14 
56.0 
43.8 

25 
100.0 
27.5 

Absent  
Row %  
Col %  

19 
28.8 
95.0 

29 
43.9 
74.4 

18 
27.3 
56.3 

66 
100.0 
72.5 

TOTAL  
Row %  
Col %  

20 
22.0 100.0 

39 
42.9 

100.0 

32 
35.2 

100.0 

91 
100.0 
100.0 

χ2 = 9.39; p=0.0091 S-Significant  

Chi-square (χ2 ) test showed that there was significant association between Albuminuria 
and type of hypertension of the patients (p=0.0091).   

 The Albuminuria was mostly prevalent among the patients with prehypertension (25.6%)  
and hypertension (43.8%) which were significantly higher than that of normotension 5.0%) 
(Z=4.10;p<0.0001).  
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DISCUSSION  

A study on prevalence of prehypertension and its associations in diabetic subjects was 
carried out in the Out Patient Department of Medicine of M R Bangur Hospital, from April 
2016 to February 2018.  

Motivated by the 'JNC 7' report published on May 2003, the study was planned for 
detecting the prevalence of category of blood pressure "prehypertension" amongst the 
diabetic subjects who were attending the diabetes OPD in our department. JNC 7 study 
showed prevalence of prehypertension over 22% in American adults. It showed that 
almost about 45 million adult persons were prehypertensive in America. 65 This population 
was thought to be at high risk of developing hypertension in their later life. Till the time of 
this study there was a paucity of such data in our national level particularly in Eastern 
India.  

This study tried to generate some data about this category of blood pressure in our place 
with the hope that more studies will come out in future which will address the proper 
scenario about the evolved entity.  

A subset of diabetic population was chosen instead of general population to find the 
impact of prehypertension. The study tried to describe the associations of cardiovascular 
risk factors, as described by the JNC 7, with the prehypertensive diabetic group. 
Comparison was made with the normotensive and hypertensive diabetic groups regarding 
cardio vascular morbidity.  
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Prevalence of prehypertension  

As per the results of Table-2    42.9% of the patients had Pre-hypertension but test of 
proportion showed that it was not significantly higher (Z=1.15; p=0.24). Thus the 
prevalence of Pre-hypertension was 42.9%. The prevalence of prehypertension detected 
in the present work was higher than the prevalence of prehypertension shown in JNC 7 
as 22% in American adult population. The difference was mainly because risk of 
progression of normotension to hypertension used to be much higher in diabetic 
population. One south Indian study which was published in JAPI Nov 2004 also 
documented the higher prevalence of prehypertension in diabetic population, even in that 
study prevalence of prehypertension in diabetic subjects was 52.5%, which was more 
than our findings (42.9%). 47 That south Indian study, which was a larger one, compared 
prehypertension prevalence in diabetics and in nondiabetics in south Indian population 
and found out that the prevalence of prehypertension was more in diabetics  than 
nondiabetics (52.5% vs. 33.2% respectively). However in that study the prevalence of 
prehypertension was more than hypertension in diabetic population. Findings of this study 
differed from this view and it was  found that prevalence of hypertension was more than 
the prevalence of prehypertension in this diabetic study group.  

Several of the previous studies have highlighted the magnitude and brought out the 
significance of prehypertension and hypertension in contributing to noncommunicable 
diseases (NCDs).14,15 A meta-analysis of the worldwide studies on prehypertension by 
Guo et al.51 showed the pooled prevalence of prehypertension as 38%. Thus findings of 
the present study was more or less similar to other findings.  

Level of FBS and PPBS  

In this study both prehypertension (71.8%) and hypertension (87.5%) were mostly 
prevalent among the patients with level of FBS≥126 mg/dl (for pre-HTN 
Z=6.22;p<0.0001); for HTN Z=10.74;;p<0.001).  

Also both prehypertension (66.7%) and hypertension (78.1%) were mostly prevalent 
among the patients with level of PPBS≥200 mg/dl (for pre-HTN Z=4.80;p<0.001); for HTN 
Z=7.91;p<0.001).  

Zhang et al68. in his study showed Diabetic  participants  were  also significantly  less  
physically  active  than  nondiabetic participants. Prehypertension  was  significantly  more  
prevalent  at  baseline  among  diabetic participants (59.4%)  than  among  nondiabetic  
participants (48.2%). Diabetic  participants were  more  likely  to  be  women  and  less  
likely  to  be  current  smokers  and  alcohol  users. A  high  proportion  of  the  participants  
with  diabetes  had  stopped  smoking  and  using alcohol  as  compared  with  those  
without  diabetes.  
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All age groups from 45 to 49 to 70 to 74 years, diabetic participants had higher prevalence 
of prehypertension at baseline than nondiabetic participants ( overall P<0.001 adjusted 
for age). The prevalence of prehypertension increased continuously with older age in the 
entire population and among those with diabetes but remained level after age 60 among 
nondiabetic participants. Compared with normotensive participants with normal glucose 
tolerance, those with prehypertension only, impaired glucose tolerance and 
prehypertension, impaired fasting glucose and prehypertension, diabetes only, or 
diabetes and prehypertension had significantly higher rates of incident cardiovascular 
disease   

Ischaemic heart disease  

The abnormal ECG was mostly prevalent among the patients with both prehypertension 
(20.5%) and hypertension (25.0%) which were significantly higher than that of 
normotension (5.0%) (Z=3.21;p=0.00132) (Table-19). All the  patients with CAD were with 
prehypertension (12.8%) and hypertension (21.9%) which was significantly higher than 
that of normotension (0.0%) (Z=3.72;p=0.0002) (Table-20).  

Pooled data from the study conducted by Huang et al50. included the results from 468,561 
participants from 18 prospective cohort studies. Prehypertension elevated the risks of 
CVD (RR = 1.55; 95% CI = 1.41 to 1.71); CHD (RR = 1.50; 95% CI = 1.30 to 1.74).  In 
the subgroup analyses, even for low-range prehypertension, the risk of CVD was 
significantly higher than for optimal BP (RR = 1.46, 95% CI = 1.32 to 1.62), and further 
increased with high-range prehypertension (RR = 1.80, 95% CI = 1.41 to 2.31). The 
relative risk was significantly higher in the high-range prehypertensive populations than 
in the low-range populations (χ2= 5.69, P = 0.02). There were no significant differences 
among the other subgroup analyses (P>0.05).  

Retinopathy  

The retinopathy was mostly prevalent among the patients with prehypertension (53.8%) 
and hypertension (62.5%) which were significantly higher than that of norm tension 
(30.0%) (Z=3.43;p=0.00058).  

Cugini et al76. in his study  investigated subjects with incipient hypertensive retinopathy, 
although characterized by BP values below 140/90 mmHg, show a significantly higher 
daily systolic BP. The increase, however, is within WHO reference limits and is not 
associated with the abolition of the circadian BP rhythm. Conclusions: The results suggest 
that the initial signs of hypertensive retinopathy may appear before BP elevation above 
WHO reference limits occurs. Because of this, it can be assumed that there is such a 
condition as 'minimalchange hypertensive retinopathy' associated with a haemodynamic 
picture of 'arterial prehypertension'.  
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Microalbuminuria & albuminuria  

Chi-square ( 2 ) test showed that there was significant association between Albuminuria 

and type of hypertension of the patients (p=0.0091).   

The Albuminuria was mostly prevalent among the patients with prehypertension (25.6%)  
and hypertension (43.8%) which were significantly higher than that of normotension 5.0%) 
(Z=4.10;p<0.0001).  

Tenekecioglu et al77.  Demonstrated in his study that the prevalence of abnormal 
albuminuria was 55% and 32% in untreated hypertensive and prehypertensive subjects, 
respectively. MA was positively correlated with SBP, BNP and LVMI in untreated 
hypertensive and prehypertensive patients. In case of increased SBP, BNP and LVMI, 
the patients should be investigated for MA. High prevalance of MA in prehypertensive 
subjects emphasized that these subjects should be followed closely for renal functions 
even without having any clinical finding. PreHT has subclinical detrimental effects on 
vascular tree even without diabetes.  

 

CONCLUSION  

The occurrence of prehypertension and its associated cardiovascular risk factors in 
diabetic subjects remained in between their normotensive and hypertensive counterparts. 
But only to utter this will do injustice in this blood pressure category because all the 
findings associated with this Prehypertensive category did not correspond exactly midway 
between normotension and hypertension associated findings, especially in the diabetic 
subpopulation of the present study.  

Diabetic prehypertensive group though remained closer to their normotensive counterpart 
as regard to their external morphology, actually some cardiovascular risk factors like – 
dyslipidaemia, early diabetic retinopathy, early renal damage represented by 
microalbuminuria and myocardial ischaemia reflected by ECG and TMT changes, in this 
prehypertensive group were as prevalent as in hypertensive group.  

Finally from the present study it can be concluded that, the term 'prehypertension’ found 
more justified than the term ‘high normal’ in describing this different blood pressure 
category. This term emphasized that Prehypertension category was a pathological state 
with all serious risks associated with hypertension. Prehypertension was found as a 
common association in diabetes, and should be considered for active management by 
diet, exercise, and if needed by drugs particularly of ACEI or ARB class to prevent further 
cardiovascular complications.  
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Limitation:  

However as the number of patients in the present study was not large and the study 
period was also limited, further large scale studies are needed to corroborate the findings 
elicited by present study.  
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