

  
    
            
        
      
      
        
          
        

        
          
            
          
        
        
          
            
              
                
              
            

            
              
                
                  Recently Searched
                

              

                
                  
                      
                      
                        
                      
                  

                
              
                No results found
              

            

          

          
            
              

                
              
            

            
              
                Tags
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

          
            
              
                
              
            

            
              
                Document
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

        

      

    

    
      
        
          
        
      
              

                        
  
  

                
            
            
        
        English
                        
          
            
            
              
                Home
                
                  
                
              
              
                Schools
                
                  
                
              
              
                Topics
                
                  
                
              
            

          

        


        
          Log in
        
        
        
        
        
          

  





  
    
      
      	
            
              
              
            
            Delete
          
	
            
              
              
            
          
	
            
              
                
              
              
            
          
	
          

        
	No results found


      
        
          
        
      
    

  







  
      
  
    
    	
                                    
              Home
            
            




	
                          
                
              
                        
              Other
            
            


      
                  Masked Hypertension In Diabetics With Chronic Renal  Failure 
      

      
        
          
            
              
                
              
            
            
            
              
                Share "Masked Hypertension In Diabetics With Chronic Renal  Failure "

                
                  
                    
                  
                  
                    
                  
                  
                    
                  
                  
                    
                  
                

                
                  

                  
                    COPY
                  
                

              

            

          

          
            
              

                
              
            
          

        

      

    

    
      
        
          
            
              
            
                          
                N/A
              
                      


          
            
              
            
                          
                N/A
              
                      

        

        
                      
              
                
              
                               Protected
                          

                    
            
              
            
            
              Academic year: 
                2022
              
            

          

        

        
          
            
            
                
                    
                
                Info
                
                

            
            

            

                        
  

                
        Download
          
              

          
            
              
                
                Protected

              

              
                
                
                  Academic year: 2022
                

              

            

            
              
                
                  
                
                
                
                  
                    Share "Masked Hypertension In Diabetics With Chronic Renal  Failure "

                    
                      
                        
                      
                      
                        
                      
                      
                        
                      
                      
                        
                      
                    

                    
                      

                      
                        
                      
                    

                    Copied!

                  

                

              

              
                
                  
                
              

            

            
              
                
                119
              

              
                
                0
              

              
                
                0
              

            

          

        

      

      
        
                              
            
            119
          

          
            
            0
          

          
            
            0
          

        

      

    

  



  
        
                    
  
    
    
      
        Loading....
        (view fulltext now)
      

      
        
      

      
      

    

  




  
      

                    Show more (   Page )
        
  


  
      

                    Download now ( 119 Page )
      



      
            
  
    Full text

    
      (1)  



Masked Hypertension In Diabetics With Chronic Renal  Failure 


A dissertation submitted in partial fulfilment of the rules and regulations for 
 MD General Medicine examination of the Tamil Nadu Dr. M.G.R Medical 


University, Chennai, to be held in May 2020



(2)BONAFIDE CERTIFICATE 


I  declare  that  the  dissertation  entitled  “Masked  Hypertension  In 
 Diabetics with Chronic Renal Failure” done towards fulfillment of 
 the requirements of the Tamil Nadu Dr. MGR Medical University, 
 Chennai,  for  examination  of  the  Tamil  Nadu  Dr.M.G.R.  Medical 
 University, Chennai to be held in May 2020 is a bona fide original 
 work done by Dr  Nikhil Raju. 


Dr Nikhil Raju 


Post Graduate Student 


Registration number:201711461 
 Department Of General Medicine 
 Christian Medical College 


Vellore 
October 2019 



(3)BONAFIDE CERTIFICATE 


This  is  to  certify  that  the  dissertation  entitled  “Masked  Hypertension  In  Diabetics 
 with  Chronic  Renal  Failure”  is  a  bona  fide  original  work  done  by  Dr.  Nikhil  Raju  
 during  his  academic  term  April  2017  to  March  2020,  at  Christian  Medical  College, 
 Vellore  as  per  Christian  Medical  College  rules  for  thesis  for  the  department  of 
 General Medicine for examination of the Tamil Nadu Dr. M.G.R. Medical University, 
 Chennai to be held in May 2020. 


Dr. Thambu David Sudarsanam 
 Head Of the Department 


Department of General Medicine 
 Christian Medical College 


 Vellore 



(4)BONAFIDE CERTIFICATE 


This  is  to  certify  that  the  dissertation  entitled  “Masked  Hypertension  In  Diabetics 
 with  Chronic  Renal  Failure”  is  a  bona  fide  original  work  done  by  Dr.  Nikhil  Raju  
 during  his  academic  term  April  2017  to  March  2020,  at  Christian  Medical  College, 
 Vellore  as  per  Christian  Medical  College  rules  for  thesis  for  the  department  of 
 General Medicine for examination of the Tamil Nadu Dr. M.G.R. Medical University, 
 Chennai to be held in May 2020. This work was carried out under my guidance in the 
 department. 


Dr Ramya I . 
 Professor 


Department of General Medicine 
Christian Medical College  
Vellore 



(5)BONAFIDE CERTIFICATE 


This  is  to  certify  that  the  dissertation  entitled  “Masked  Hypertension  In  Diabetics 
 with  Chronic  Renal  Failure”  is  a  bona  fide  original  work  done  by  Dr.  Nikhil  Raju  
 during  his  academic  term  April  2017  to  March  2020,  at  Christian  Medical  College, 
 Vellore  as  per  Christian  Medical  College  rules  for  thesis  for  the  department  of 
 General Medicine for examination of the Tamil Nadu Dr. M.G.R. Medical University, 
 Chennai to be held in May 2020. This work was carried out under my guidance in the 
 department. 


Dr Anna B Pulimood 
 The Principal 


Christian Medical College 
 Vellore 



(6)
ANTI-PLAGIARISM CERTIFICATE



(7)
ACKNOWLEDGEMENT 


I express my sincere gratitude to my guide, Dr.Ramya I, Professor, Department of General 
 Medicine for her mentorship, meticulous guidance, suggestions and encouragement throughout 
 this process.


I would like to thank the entire department of General Medicine, my colleagues in the various 
 departments and my friends who helped and supported me throughout the process. I am also  


indebted to the Department of Clinical Epidemiology, Dr. L. Jeyaseelan and our biostatistician,  
 Ms. Jothi Durairaj for their expertise in the statistical analysis and guidance.


I am eternally grateful to all the patients who gracefully agreed to be a part of this project.


I thank my parents Mr. K Raju and Mrs. Achamma Raju, my wife Dr. Roshen Elizabeth and my 
 brother Mr. Nithin Raju  for their constant encouragement and support.


I thank God for his love, grace and mercy throughout the days of my life.



(8)
      TABLE OF CONTENTS 


INTRODUCTION---14 


AIM---15 


OBJECTIVES---16 


REVIEW OF LITERATURE---17 


    INTRODUCTION---17 


    AMBULATORY BLOOD PRESSURE MONITORING---20 


    DEFINING THE NORMAL IN ABPM---21 


    GUIDELINES AND INDICATIONS FOR ABPM---22 


    PARAMETERS AND INDICES IN ABPM---23 


    BLOOD PRESSURE VARIABILITY AND PATTERNS OF VARIABLITY---24 


    CLINICAL SIGNIFICANCE OF BLOOD PRESSURE VARIABILITY---30 


    BLOOD PRESSURE VARIABLITY AND DIABETES---31 


    WHITE COAT PHENOMENON---32 


    COST EFFECTIVENESS OF ABPM---34 


    FITTING AN ABPM MONITOR---35 


    THE INTERPRETATION OF ABPM READINGS---37 


    LLMITATIONS OF ABPM---41 


    MASKED HYPERTENSION---43 


    PREVALENCE OF MASKED HYPERTENSION---45 


    REPRODUCIBLITY OF MASKED HYPERTENSION---46 


    RISK FACTORS OF MASKED HYPERTENSION---47 


    TARGET ORGAN DAMAGE IN MASKED HYPERTENSION---48 


    PROGRESSION OF MASKED HYPERTENSION---49 


    MASKED HYPERTENSION AND DIABETES---50 


    MASKED HYPERTENSION IN CHRONIC KIDNEY DISEASE---51 


    DIAGNOSIS OF MASKED HYPERTENSION---53 


    PREVELANCE OF MASKED UNCONTROLLED HYPERTENSION---54 
     



(9)TREATMENT OF MASKED PHENOMENON---54 


METHODOLOGY---55 


STUDY DESIGN---56 


INCLUSION CRITERIA---56 


EXCLUSION CRITERIA---57 


SAMPLE SIZE--- 57 


BASE LINE ASSESSMENT---58 


STATISTICAL METHODS---58 


RESULTS---60 


    BASE LINE CHARACTERISTICS---62 


    DEMOGRAPHIC DATA---65 


    FREQUENCY OF MASKED HYPERTENSION---67 


    FREQUENCY OF MASKED UNCONTROLLED HYPERTENSION---67 


    ABPM PATTERNS IN OVERALL SAMPLE---69 


    ABPM PATTERNS IN MASKED HYPERTENSION---70 


    ABPM PATTERNS IN TRUE NORMOTENSION---71 


    ABPM PATTERNS IN MASKED UNCONTROLLED HYPERTENSION---73 


    ABPM PATTERNS IN CONTROLLED HYPERTENSION--- -74 


    COMPARITIVE PROFILES OF ABPM---76 


    MARKERS OF GLYCEMIC CONTROL IN PATTERNS OF ABPM---77 


    RENAL PARAMETERS IN PATTERNS OF ABPM---78 


    ANTIHYPERTENSIVES AND PATTERNS OF ABPM---79 


    MARKERS OF GYCEMIC CONTROL IN MASKED PHENOMENON---80 


    ANTIHYPERTENSIVES AND MASKED UNCONTROLLED HYPERTENSION---81 


    RENAL PARAMETERS IN MASKED PHENOMENON---82 


    ABPM PATTERNS IN SMOKING AND ALCOHOL USE---83 


    MASKED PHENOMENON IN SMOKING AND ALCOHOL USE---84 


DISCUSSION---85 



(10)CONCLUSION---88 


LIMITATIONS OF THE STUDY---89 


ANNEXURES I-BIBLIOGRAPHY---90 


ANNEXURE II-IRB APPROVAL FORM---96 


ANNEXURE III-INFORMATION SHEET AND CONSENT FORMS---100 


ANNEXURE IV-CLINICAL RESEARCH FORM---110 


ANNEXURE V-DATA SHEET ---112 


ANNEXURE VI-ABSTRACT ---116 



(11)LIST OF ABBREVIATIONS 


1.  ABPM-Ambulatory Blood Pressure Monitoring 
 2.  AASI-Ambulatory Arterial Stiffness Index 
 3.  eGFR- Estimated glomerular filtration rate 
 4.  ESH-European Society Of Hypertension 
 5.  ESC-European Society Of Cardiology 


6.  HBPM-Home Based Blood Pressure Monitoring 
 7.  JNC-Joint National Committee 


8.  MH-Masked Hypertension 


9.  MUCH-Masked Uncontrolled Hypertension 
10. WCH-White Coat Hypertension 



(12)
TABLE OF FIGURES 


FIGURE 1-GLOBAL BURDEN OF DISEASE 2010 –HYPERTENSION---20 


FIGURE 2-ABPM NORMAL DIPPING---39 


FIGURE 3-HYPERTENSIVE-NON DIPPING---40 


FIGURE 4-PICTORIAL REPRESENTATION OF TYPES OF HYPERTENSION---44 


FIGURE 5-CONSORT DIAGRAM---59 


FIGURE 6-STROBE FIGURE---61 


FIGURE 7-DEMOGRAPHIC DISTRIBUTION OF STUDY POPULLATION---66 


FIGURE 8-FREQUENCY OF MASKED AND MASKED UNCONTROLLED HYPERTENSION--68 


FIGURE 9-ABPM PATTERNS IN OVERALL SAMPLE---69 


FIGURE 10-ABPM PATTERNS IN MASKED HYPERTENSION---71 


FIGURE 11-ABPM PATTERNS AMONG NORMOTENSIVES---72 


FIGURE 12-ABPM PATTERN IN MASKED UNCONTROLLED HYPERTENSION---74 


FIGURE 13-ABPM PATTERNS IN CONTROLLED HYPERTENSION---75 



(13)TABLE OF TABLES 


TABLE 1-COMPARISON OF ABPM CLINIC BP MONITORING AND HBPM---18 


TABLE 2-THRESHOLD OF HYPERTENSION BASED ON ABPM---21 


TABLE 3-PATTERNS OF ABNORMAL ABPM---29 


TABLE 4-LIMITATIONS OF ABPM---42 


TABLE 5-PREVELANCE OF MASKED HYPERTENSION---45 


TABLE 6-SAMPLE SIZE CALCULATION---57 


TABLE 7-BASE LINE CHARACTERISTICS---63 


TABLE 8-DEMOGRAPHIC DATA---65 


TABLE 9-FREQUENCY OF MASKED AND MASKED UNCONTROLLED HYPERTENSION-68 
 TABLE 10-ABPM PATTERNS IN OVERALL SAMPLE---69 


TABLE 11-ABPM PATTERNS IN MASKED HYPERTENSION---70 


TABLE 12-ABPM PATTERNS IN TRUE NORMOTENSION---71 


TABLE 13-ABPM PATTERNS IN MASKED UNCONTROLLED HYPERTENSION---73 


TABLE 14-PATTERNS OF ABPM AMONG CONTROLLED HYPERTENSION---74 


TABLE 15-COMPARATIVE PROFILES OF ABPM---76 


TABLE 16-MARKERS OF GLYCEMIC CONTROL IN PATTERNS OF ABPM---77 


TABLE 17-RENAL PARAMETERS IN PATTERNS OF ABPM---78 


TABLE 18-ANTI HYPERTENSIVES IN PATTERNS OF ABPM---79 


TABLE 19-MARKERS OF GLYCEMIC CONTROL IN MASKED PHENOMENON---80 


TABLE 20-ANTIHYPERTENSIVE IN MASKED UNCONTROLLED HYPERTENSION---81 


TABLE 21-RENAL PARAMETERS IN MASKED PHENOMENON---82 


TABLE 22-ABPM PATTERNS IN SMOKING AND ALCOHOL USE---83 


TABLE 23-MASKED PHENOMENON IN SMOKING AND ALCOHOL USE---84 


  



(14)
       INTRODUCTION 


Hypertension is one of the major non communicable diseases that further the cardiovascular 
 mortality in patients, Diabetes Mellitus being the other major contributory cause to 


cardiovascular and renal adverse outcomes. Measurement of blood pressure has been 
 conventionally done in a clinic setting with a spot measurement used to guide diagnostic 
  and treatment related decision making. However various flaws have been identified with  
 this paradigm towards diagnosis and management of hypertension. White coat phenomenon, 
 where a false elevation resulting in spurious diagnosis and treatment has been described 
 decades back and is quite well known among physicians. Ambulatory monitoring of blood 
 pressure has opened our eyes towards masked phenomenon such as masked hypertension 
  and masked uncontrolled hypertension over the past decade.  


As opposed to white coat phenomenon, the awareness regarding masked phenomenon is not 
 so remarkable among clinicians. Expense and non availability of ambulatory techniques for 
 continuous blood pressure monitoring are some of the reasons. 


 However  masked phenomenon is known to be  associated with end organ dysfunction 
equivalent to hypertension itself. In this study we attempt to estimate the prevalence of 
masked phenomenon in a particularly vulnerable population of diabetics with renal 
impairment. 



(15)
       AIM 


To assess the prevalence of masked hypertension/ masked uncontrolled hypertension in  
diabetics with chronic kidney disease and to assess the profile of ambulatory blood pressure 
 in diabetics with chronic renal failure. 



(16)
       OBJECTIVES  


To analyse the ambulatory blood pressure monitoring data in diabetics with renal failure to 
 ascertain- 


1. Frequency of masked hypertension and masked uncontrolled hypertension .  
2. Descriptive analysis of patterns of 24 hour blood pressure variation. 



(17)
      REVIEW OF LITERATURE 



INTRODUCTION



     


Hypertension is one of the most common problems that we deal with in our medical wards and 
 outpatient departments. For more than a hundred years hypertension has been recognised as an 
 important risk factor for renal and cardiovascular outcomes and is the leading preventable cause 
 of premature death worldwide(1) 


Measurement of blood pressure can be office based or out of office  measurements such as 
 Ambulatory blood pressure monitoring (ABPM) and Home based blood pressure monitoring 
 (HBPM). The office based blood pressure measurement provides us only with a one time 
 snapshot of the blood pressure control in that patient while an out of office measurement gives  
 us a much better representation of the overall blood pressure status in that patient.  


Out of office measurements being continuous in nature has certain advantages over the clinic 
 blood pressure measurement namely- 


1.  It can provide information on the diurnal rhythm of blood pressure. 


2.  Mean daytime and night time blood pressure levels can be obtained. 



(18)3.  The blood pressure variability in relation to events such as exercise or medication can 
  be looked into.  


Reproducibility of Clinic base blood pressure has been questioned  several studies.(2) 
  Average ABPM  reflects a central point around which  blood pressure varies over the  


course of 24 hours. HBPM gives a picture of  an average level of blood pressure over an 
 extended time period such as a week, while clinician-measured pressure reflects a point  
 measure of pressure under a singular isolated circumstance.  


The table given below demonstrates some key differences between above mentioned  
 modalities for measurement of blood pressure in relation to variables being measured. 


Table 1: Comparison of ABPM, Clinic BP monitoring and HBPM  
 Variable  Ambulatory Blood 


Pressure 
 monitoring 


Clinic Blood 
 Pressure 
 Monitoring 


Home based blood 
 Pressure 


Monitoring 
 True or Mean 


Blood Pressure 


Yes  Questionable  Yes 


Diurnal blood 
 pressure rhythm 


Yes  No  No 


Blood Pressure 
 variability 


Yes  No  Questionable 



(19)Figure 1:Global Burden of diseases 2010- Hypertension 



(20)  



AMBULATORY BLOOD PRESSURE MONITORING 


Ambulatory Blood pressure Monitoring is a  non invasive method of obtaining blood pressure 
 readings over 24 hours while the patient goes about his routine activities in his natural 


environment. This method and technology of blood pressure monitoring first came into  
 practise nearly four decades ago however, the cost and lack of access has curtailed its routine  
 use till date. 


The equipment for ABPM consists of  a cuff and a small monitor typically weighing 
  500 to 750 milligrams connected to each other via a tube and attached to the patients body 
  via  a belt. It can be programmed to measure blood pressure readings at regular intervals- 
 typically every 15 to 30 minutes. 


The measurement of Blood pressure in ABPM is more commonly by the oscillometric 
 technique as opposed to the auscultatory technique used while monitoring clinic blood  
pressure monitoring. The auscultatory technique depends on the recognition and variation of  
 the Korotkoff sounds. The systolic and diastolic blood pressures are measured depending on 
 the appearance and disappearance of Korotkoff sounds. However  air volume variations in the 
cuff during deflation are detected in oscillometric method. The mean arterial pressure is related 
to the maximum oscillation. Algorithmic interpration of the shape of oscillometric amplitude 
 and heart rate yields the systolic and diastolic blood pressures(3). 



(21)
Defining The Normal In ABPM 


While defining the normal thresholds for ambulatory blood pressure it is necessary to focus on 
 outcome driven thresholds rather than on diagnostic thresholds defined by  statistical measures 
 derived from reference populations(4) . 


The International Database of Ambulatory blood pressure in relation to Cardiovascular 
  Outcome (IDACO) study  on 5682 participants over 9.7 years revealed similar 10 year 
 cardiovascular risk  for  a clinic blood pressure more than 140/90 with 131/79.4 mmhg   
 24 hour average blood pressure , 138.2/86.4 for averge daytime blood pressure and 119.5/70.8 
 mm Hg for average  night time blood pressure. (5) 


Considering  the NICE guidelines(6), JNC 7(7) the ESH/ESC guidelines for 


2003, 2007, and 2013 (4,8,9) the postion paper on ABPM by the European Society of 
 Hypertension (4) postulates the threshold  levels for ABPM as shown in Table below. 


Table 2- Thresholds of Hypertension Based on ABPM 


24-hour Average  130/80 mmHg 


Awake (day time) average  135/85mm Hg 


Asleep (night time ) Average  120/70 mmHg 



(22)
Guidelines and Indications  For Ambulatory Blood pressure Monitoring 


Various Guidelines provide different indications for doing a 24 hour ambulatory measurement  
 of blood pressure in a patient. 


1.The European Society of Hypertension (ESH) and the European Society of Cardiology 
 (ESC) hypertension guidelines 2013  recommends an increased emphasis on ABPM with  
 a wide spectrum of indications including white coat hypertension, resistant hypertension, 
 identifying masked hypertension and abnormal patterns such as non dipping, to  assess the 
 efficacy of drug  etc:.(4,10) 


 2. Joint National Committee (JNC)7 recommends the use of ABPM in WCH, Labile 
 hypertension, Resistant hypertension hypotensive episodes and postural hypotension. 


(7) 


3.  World Health Organization- International Society of  hypertension (WHO-ISH) 


recommendations include WCH, labile hypertension, resistant hypertension and hypotensive 
 episodes. 


4. NICE guidelines 2011:  recommends HBPM and ABPM as an adjunct to clinical blood 
pressure measurements in suspected ‘white-coat effect’.(6) 



(23)
Parameters and Indices in Ambulatory Blood Pressure  Monitoring 


The most important parameters to be measured using Ambulatory blood pressure monitoring  
 are the  average blood pressures (24 hours, day time and night time). However there are many 
 other  derived Parameters that are of  clinical importance. 


Blood pressure load 


This parameter aims at quantifying  the number of blood pressure readings above the defined 
 threshold level of normal blood pressure. The mathematical variables that it depends on are the 
 average blood pressure and the distribution of blood pressure readings.(11) Though it seems to 
  be of clinical use , there are many limitations to the utility of this index. When two patients 
  have the same average blood pressure values the difference In blood pressure load depends on 
 the pattern of  blood pressure, hence making this index a redundant one just reflecting the  
 pattern of hypertension.  Area under the curve is a slightly modified version of the  


blood pressure load which has been looked into to see if it best correlates with end organ  
 damage. (12) 


Rate–pressure product 


Rate pressure product is is defined as heart rate multiplied by systolic blood pressure, 


Its is considered as an index of myocardial work during exercise. Since heart rate is a parameter 
that is readily available in most ABPM equipments  this is a commonly calculated index in many 
of the APM machines.Its prognostic relevance is under study.(13) 



(24)Ambulatory Arterial Stiffness Index (AASI) 


AASI is supposedly an indirect and simpler method to measure the Arterial Stiffness. AASI is 
 calculated from a set of data collected during a 24 hour ABPM record. It has been defined as 1 
 minus the regression slope of diastolic on systolic blood pressure  values. The rational behind  
 this index is that it has been demonstrated that in people with decreased elasticity of the arterial 
 wall the systolic blood pressure increases in excess compared to the diastolic blood pressure 
 while in patients with maintained arterial wall elasticity the diastolic and systolic blood  
 pressures rise in parallel. AASI seems to  co-relate with the carotid–femoral pulse wave and  
  to have an  independent relationship with cardiovascular outcomes.(14–16) 



Blood Pressure Variablity and Patterns of Variablty: 


Blood Pressure has a well documented circadian rhythm with day- time elevation and nocturnal 
 dipping.. As per multiple descriptive studies the peak blood pressure is from 04:00 hours to 
  08:00 hours, roughly correlating with time at which the subjects wake up or just after they 
  wake up.  Data from Intraarterial and non invasive blood pressure monitoring has revealed 
  that blood pressure falls steadily through the evening and reach their lowest between midnight 
 and  2:00AM.  This slowly and steadily rises till nearly  to the time that the subject wakes up 
 when it steeply and abruptly rises to its highest daytime value, This coincides with the 


assumption of upright posture and daily activity.(17) 



(25)There are various abnormal patterns of blood pressure described with ambulatory blood pressure 
 monitoring. 


Daytime hypertension-  


Most patients with clinic hypertension have a lower daytime blood pressure on ABPM . 
  However The daytime blood pressure reading and in turn the average measurements are 
 influenced by the daytime activity, environmental stress and habits such as smoking. These 
 activities and habits also influence the blood pressure variablity . However these interferences 
  are avoided in nocturnal blood pressure measurements and this might be one of the reasons  
 why average daytime blood pressure  is superior to clinic blood pressure in predicting outcome, 
 but inferior to nocturnal BP in some populations and conditions.(18) 


Isolated systolic Hypertension- 


Isolated systolic hypertension  is a finding that is more commonly seen in the elderly population 
 and this is mainly attributed to the decreased arterial elasticity.(19) However there can be 


multiple secondary causes for theses such as type 1 diabetes, accelerated atherosclerosis from 
 chronic kidney disease ,osteoporosis with vascular calcifications,  peripheral vascular disease, 
 thyrotoxicosis, etc:(20) Isolated systolic hypertension has relevance in terms of end organ 
 damage and cardiovascular risk.   


In a multicenter international study where isolated systolic hypertension was defined as a  24 
hour ABPM average of systolic BP> 130mm Hg  involving 8341 untreated individuals, it was  



(26)noted that Isolated systolic hypertension was independently associated with an elevated  
 all-cause mortality ,fatal and nonfatal cardiovascular outcomes over 


 a follow up  period of 11 years.(21). Though there is evidence to suggest that isolated systolic 
 hypertension correlates to increased cardiovascular mortality, the trend towards aggressive 
 lowering of systolic blood pressure following the SPRINT trial should be adopted with caution.  


It would be more prudent to adopt treatment regimens on a case to case basis.(20,22)  


Isolated Diastolic Hypertension: 


Isolated Diastolic hypertension has attracted far less attention from the academia as compared  
 to isolated systolic hypertension. However in the Framingham Heart study the prevalence of 
 isolated diastolic hypertension to be more among young adults less than 40 years of age as 
 compared to systo-diastolic hypertension.(23) NHANES III-The Third National Health and 
 Nutrition Examination Survey  also  revealed similar results showing increased prevalence in 
  the age grpoup 40-49 years  almost equivalent to the prevalence of isolated systolic 


 hypertension in the age group of 50-59 years.(24) However the risk of cardiovascular events in 
 this subpopulation is lower as compared to the isolated systolic hypertension sub group in the 
 short term, long term risks are unknown.   


Siesta dipping and postprandial hypotension-   


 A decrease in SBP of ≥20 mm Hg or a decrease below 90 mm Hg from a pressure of ≥100 mm 
 Hg within 2 hours after a meal has been defined as post prandial hypotension. (25) This sudden 
 drop in blood pressure can precipitate events such as syncope, coronary events  or even 


cereberovascular accidents.   



(27)Twenty three percent  of hospitalized elderly patients with either syncope or falls experienced 
 postprandial hypotension in a study.(26) The risk factors for postprandial hypotension includes 
 drugs like diuretics, polypharmacy, carbo hydrate rich meals, less frequent heavy meals, 


 diabetes mellitus, endstage renal disease on dialysis, parkinsons disease and hypertension. 


It has been advised to take frequent small meals instead of spaced out large meals, avoid 


polypharmacy, consuming water prior to meals, assuming a recumbent position after meals etc: 


Pharmacological interventions attempted include octreotide, voglibose and alpha glucosidase 
 inhibitors. However the evidence for efficacy of all the above measures are limited. The cultural 
 practise of siesta compounded by postprandial fall in blood pressure can  lead to over diagnosis 
 of non dippers on ABPM.(27) 


Nocturnal hypertension-  


 There is a physiological fall in the blood pressure when a person shifts from a state of 


wakefulness to that of sleep. In certain patients this normal dip might be absent (non dippers). 


While in some others there can be even a rise in the blood pressure from that of the basal blood 
 pressure. Yet another pattern observed is that of extreme dipping or aggravation of the normally 
 observed fall in blood pressure during sleep. Non dipping status has been strongly associated 
 with cardiovascular mortality.(28,29) The rise in blood pressure in the morning hours prior to 
 waking up, usually referred to as the “morning surge” can also be exaggerated. 


There is staggering evidence to suggest that nocturnal blood pressure is superior 


to day time blood pressure measurements  in predicting outcome . (30) Thus night time blood 
pressure is thought to reflect risk of end organ damage much more than any measure of day- 
night variability of blood pressure. 



(28) Given also the limited reproducibility of daytime Isolated nocturnal hypertension, is estimated  
 to be nearly 7% of hypertensive patients. This can only be diagnosed with ABPM.  


Nocturnal hypertension has increased importance in trials addressing efficacy of anti-


hypertensives. (31) Nocturnal blood pressure has also been found to have an association with 
 Obstructive sleep apnoea and glaucoma.(32,33) 


Among All the patterns of diurnal variability  in blood pressure , those having an increase in 
  their blood pressure at night (reverse dippers), have been described to have a very bad 
  prognosis and a relation to chronic renal disease has also been described. 


 Studies have shown that cardiovascular events like arrhythmias, episodes of stable anginas, 
 sudden cardiac deaths, acute coronary events and strokes are predominant in the morning hours.  


This early morning predominance has been attributed to the sympathetic overtone in the early 
 hours of the day. Serial measurements of plasma catecholamines reveal that epinephrine and 
 norepinephrine have a similar circadian pattern as that of the blood pressure. (34) 


Patterns of abnormal ambulatory blood pressure monitoring   can summarised as in the table 
below(4)- 



(29)Table 3: Patterns of abnormal ambulatory blood pressure monitoring 


Dipping:  Nocturnal blood pressure fall >10% of daytime values 


Nondipping and rising:  No reduction or increase in nocturnal blood pressure 
 Extreme dipping  Marked nocturnal blood pressure fall >20% 


of daytime values 
 Nocturnal 


hypertension 


Increased absolute level of night-time blood 
 Pressure 


Morning surge:  Excessive blood pressure elevation rising in morning 



(30)
Clinical Significance of Blood Pressure Variability 


Blood Pressure variability is a complex physiological phenomenon and includes rapid beat to 
 beat variation, short term variation which varies from minutes to hours, and long  and even long 
 term variations going into days and months. These variations are due to the interplay of different 
 cardiovascular control systems, including baroreceptor reflex, the rennin-angiotensin system 
 (RAS),  the release of nitric oxide and the vascular  myogenic response.  


The clinical significance of  blood pressure variability is a thing of contention. An analysis of 
 123 consecutive ABPM measurement in hypertensives revealed that incidence was strokes were 
 higher among non dippers . Non-dippers  had a significantly higher frequency of stroke (5/21, 
 23-8%) than dippers (3/102, 2-9% (p < 0-001).(28) Another study looking at variability of  
 blood pressure during clinic visits showed that patients who had a higher variability in their 
 recorded clinic blood pressures had a higher incidence of cereberovascular accidents the non 
 dipper and reverse dipper pattern has been identifies as a risk factor for left ventricular 


hypertrophy, cerebrovascular disease ,microalbuminuria,  congestive heart failure, , myocardial 
infarction and vascular dementia.(35) 



(31)
Blood Pressure Variability and Diabetes 


The twenty four hours ambulatory blood pressure monitoring techniques have lead to various 
 studies looking at patterns of variability and association with disease states.  


The aim always being to find an association that might help us to predict the risk of 
 cardiovascular outcomes and help us develop preventive strategies for the same.  


Diabetes Mellitus is a disease affecting multiple organ systems by the way of micro and 
 macrovascular complications.  


 Diabetes exposes patients to hypertension and its considered that 35-75% of diabetic 
 complications can be attributed to hypertension.(36) 
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WHITE COAT PHENOMEMON 


Pickering et al described White coat hypertension where in a patient has higher than normal 
 blood pressure when measured in a clinic setiing and normal blood pressure when measured in 
 out of clinic settings.(37) It is now defined as at least a systolic blood pressure of 140mm hg or 
 more and/or diastolic blood pressure of 90mmhg or more with an ABPM mean awake blood 
 pressure less than 135/85mmhg.  


 The major contributor to white coat hypertension is the anxiety experienced by the patient in 
   a medical setting or the presence of a doctor . This has been noted to be almost abolished 
  by using automated blood pressure in waiting rooms prior to patients entering doctor’s 
 chambers. (9) 


Multiple studies have revealed that the risk of cardiovascular events is much lower in in patients 
 with WCH as opposed to true hypertensives.  


It also has been demonstrated that people with WCH have a slightly higher risk of 
  cardiovascular risk as opposed to normotensives. (38)  


There is evidence that there is higher risk of patients with white coat hypertension to develop 
sustained hypertension. (39)  There is no clear clinical characteristics to suspect white coat 
hypertension so as to alert the physician to order for an ABPM. 



(33) There are no sub groups or subpopulations where in a higher frequency of white coat 
 hypertension has been identified.  It seems to equally affect the young , elderly,  


the pregnant etc: This difficulty in suspecting and identifying WCH has implications in relation 
 to insurance policies and  employability. 


 It also might lead to unnecessary treatment and its related adverse affects and increased 
 economic burden. It is recommended that in patients suspected of WCH, the diagnosis is 
  to be confirmed within 3-6 months and has to be followed at yearly intervals to monitor for 
 progression to sustainable hypertension.(40) 


  


The prevalence of White coat hypertension has been estimated in the community to be between 
20-25%.(41) This high prevalence in the community makes it even more important to assess the 
24 hour ABPM and diagnose WCH in patients with suspicion. Once the diagnosis of WCH is 
made an ABPM might be repeated if repeat home blood pressure monitoring shows a trend to 
increasing blood pressure. 
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Cost Effectiveness Of Ambulatory Blood Pressure Monitoring 


The cost effectiveness of ABPM has been analysed from various angles, first and foremost it 
 decreases the prescription burden. Optimisation of therapy based on ABPM data rather 
  than office BP has been shown to result in less antihypertensive medication being prescribed 
 without compromising target organ damage. (42)  


 Secondly identifying WCH and avoiding pharmacological therapy entirely resources can be 
 conserved and adverse effects avoided. This is of great economic significance as WCH 
 hypertension Accounts for about 20% of patients with elevated blood pressures in the clinic.  


Thirdly By identifying Patients with Masked hypertension an entity shown to have 
  similar risk of cardiovascular event rate as sustained arterial hypertension,   


ABPM would avoid or reduce  expenses related to its morbidity and mortality. 


Until recently ABPM was cited as more expensive than clinic blood pressure monitoring, 
however these studies took into consideration only tangible benefits and long term reduction in 
mortality morbidity and pill burden were not considered. However recent studies have revealed 
that ABPM is cost effective in both socialist and primary clinic setting .(43) 
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Fitting an ABPM Monitor 


Patient needs to be counselled extensively prior to attaching a blood pressure monitor. 


 An ambulatory measurement of the blood pressure needs to be ideally done on a routine 
  working day. Ambulatory blood pressure monitoring while patient is admitted in the hospital 
 tends to underestimate the average blood pressure and overestimate non dippers.(44) 


The arm To Monitor ABPM- 


ABPM monitoring is classically done on the non dominant arm, so as to minimise  


interference to routine activities. However, In patients with a known disparity in blood pressure 
 between the arms, the arm with the higher blood pressure is chosen.(8) 


Cuff and Bladder Requirements 


Its known that too narrow or too short a cuff leads increased measurement of blood pressure  
and overestimation of hypertension- this is commonly called as “under cuffing” or cuff 
hypertension. Similarly too long or too big a cuff results in a spuriously lower measurement 
 of blood pressure resulting in “over cuffing” that is an underestimation of hypertension. 



(36) Hence an appropriate size cuff is an important requirement for accurate measurement of blood 
 pressure.  The standard cuff used in Blood pressure monitors are 12-13cm wide and 35 cm long. 


While obese people with bigger arms (arm circumference > 32cm) and people with very thin 
 arms might need a different cuff majority of the population’s blood pressure can be accurately 
 measured with the standard cuff.(10)  


 An uncomfortable cuff might by itself lead to a variation in the blood pressure of the patient 
 considering the patient undergoes numerous instances of blood pressure measurement over a 
 twenty four hour period. The cylindrical shaped blood pressure monitoring cuff might be ill 
 fitting to a conical shaped arm of an obese individual or in  the arm of a  very muscular person. 


In a very obese individual measurement of the blood pressure at the forearm might be the only 
 feasible option. However validating and comparing such measurements might be a difficult 
 preposition. The use of forearm blood pressures have a huge drawback in being valid only 
  when measured at the level of the heart. 


No wrist devices have so far been validated for the measurement of ambulatory blood pressure. 


 A finger tip device has also  been developed using the volume clamp method. However in 
comparison with validated non invasive measurements and intra arterial measurements the  



(37)above wearable monitoring devices were noted to cause underestimation blood pressure 
 especially the diastolic blood pressure. 



Interpretation of ABPM Readings 


Once a 24 hour ambulatory blood pressure reading is available, interpretation of the results 
 would include the following steps. 


1.  Verify the technical adequacy of the results-  


An adequate 24 hour ambulatory blood pressure recording should have a minimum of 21 
 daytime reading and 7 night time readings. The minimum  acceptable capture success rate 
 ,that is the minimum percentage of successful reading to attempted reading should be 70%. 


The maximum time gap between two successful reading that can be accepted is two hours. 



(38)Ascertain Night/Day time from patient log sheet-  


The night or day  cut-off time is ascertained and the reading can be separated into day  
 and night time. The average systolic and diastolic  blood pressures for the entire day,  
 night time and day time are calculated separately.  


2.  Diagnosis as per guidelines. 


The above mentioned values are compared with guideline specific cut-offs and patient’s 
 diagnosis is established. 


3.  Patterns of blood pressure variability ascertained 


The patient is classified into a dipper status or non dipper status , or even sub group like 
reverse dipper and extreme dipper.  



(39)Figure 2. Adequate readings, normotensive patient with normal dipping pattern 



(40)Figure 3-Adequate number of readings, systolic- diastolic hypertension with non dipping pattern. 
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Limitations Of Ambulatory Blood Pressure Monitoring


Ambulatory blood pressure monitoring though superior to conventional measurement methods  
 in many ways has its own limitations. 


 The first of which is availability Ambulatory blood pressure is not yet as freely available 
 especially in resource limited setting. Cost can limit the access to such a valuable resource. 


 The price range of an ambulatory blood pressure monitor ranges from around one lakh rupees 
  to two lakh rupees in India.  


 Though studies have shown that the short costs of obtaining an ABPM reading is offset by long 
 term benefits , ABPM remains out of reach in many healthcare facilities in the developing  
 world. Trained personnel to interpret and read an ambulatory blood pressure reading might also 
 be in short supply in many places.  There is possibility of inaccurate readings during strenuous 
  activity. The discomfort caused by the blood pressure cuff is another drawback especially as it 
 could interfere with the sleep. This could further cause problems in analysing patterns and in  
 deciding in day and night duration or cut offs. 


 Inabilities to detect artefactual movements and patient reluctance for repeat readings have also 
been reported. Reproducibility is another concern.(2,17).  The limitations of Ambulatory Blood  



(42)Pressure monitoring has been summarised in the following table. 


Table 4 : Limitations of ABPM 
 Limitations In ABPM 


Functions  Application 


Imperfect Reproducibility  Limited availability 
 Possibility of inaccurate readings during 


activity. 


May cause discomfort , Particularly at 
 night 


Provision for sedentary measurement as 
 opposed to true ambulatory state. 


Reluctance to use by patient especially for 
 repeat measurements. 


Inability to detect genuine artefactual 
 movements 


Cost Implications 
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MASKED HYPERTENSION 


Masked hypertension was  first defined by Thomas Pickering in 2002 (45), The European  
 society on Hypertension on its position paper on ambulatory blood pressure monitoring (4)  
 defines masked hypertension as follows- 


Untreated patients with office blood pressure <140/90mmHg and 


•   24-hours (average) ambulatory blood pressure measurement >130/80mmHg and/or 


•  Awake (average) ambulatory blood pressure measurement >135/85mmHg and/or 


•  Sleep (average) measurement >120/70mmHg or 


•  Home blood pressure >135/85mmHg 


The paper further defines an entity labelled as ” masked uncontrolled hypertension”  


 in relation to patients  diagnosed as hypertensive and is currently on blood pressure lowering 
 medications who continues to have normal clinic values of blood pressure but elevated 


ambulatory measurement values.   


The definition  of masked uncontrolled hypertension is as follows 


Treated patients with office blood pressure <140/90mmHg and 


•  24-hours ( average) ambulatory blood pressure measurement >130/80mmHg and/or 


•  Awake(average) ambulatory blood pressure measurement >135/85mmHg and/or 


•  Sleep  ( average) measurement >120/70mmHg or 


•  Home blood pressure >135/85mmHg 



(44)Figure : 4 Pictorial representation of types of hypertension ,described by Pickering et al 
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Prevalence of Masked Hypertension


The data regarding prevalence of masked hypertension in the general population has varied in 
 various studies depending upon the population under study, the definition of masked 


hypertension and measurement techniques used in the studies. 


Table 5:Prevalence of Masked Hypertension 
 STUDY    YEAR  SAMPLE 


SIZE 


POPULATION  CUT OFF   PREVALENCE 


Imai et 
 al(46) 


1996  969  Ohasaama  133/78  10.4% 


Liu et 
 al(47) 


1999  234  Healthy 


volunteers 


134/90  21%  135/90 


Sega et 
 al(48) 


2001  3200  PAMELA  125/79  9% 


Bjorklund 
 et al(49) 


2003  578  Age above 70  135/85  14% 


Wang et al   2012  811  USA  135/85  12.3% 



(46)Among adolescents, a prevalence of 40%  was reported for masked hypertension. (50)These 
 individuals were twice likely to have a parental history of hypertension.  


They were also noted to have a higher ambulatory pulse rate, Body Mass Index, and more likely 
 to have Left ventricular hypertrophy than normotensives . 


Studies done on Masked Hypertension  in India are very few, a recent study(51) done in  
 Mysuru compared incidence of masked hypertension in non obese and obese diabetics,  
 where in the prevalence of masked hypertension was 16% and 20% respectively. 


 The Indian Heart Study which enrolled 1643 patients in Mumbai , 15.3%  of those  patients  
 were diagnosed to have masked hypertension based on home based blood pressure monitoring. 



Reproducibility Of Masked Hypertension 


Short Term reproducibility and progression ( detailed in further sections) are features  
 that have been concerns to differentiate Masked hypertension from being a by product  


of the method of measurement rather than a true clinical entity.  Viera et al study published in 
 2010 revealed a fair to moderated reproducibility in the diagnosis of masked hypertension in a  
 study population of fifty .(52) This study further revealed the superior sensitivity and 


reproducibility of twenty four hour ABPM as opposed to HBPM. 
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Risk Factors for Masked Hypertension 


Various studies report different associated factors with masked hypertension .The most  
 consistent among this being the following(53)- 


•  Elderly 


•  Smoking      


•  Excessive alcohol consumption 


•  Sedentary lifestyle 


•  Obesity 


•  Obstructive sleep apnoea 


•  Prehypertension 


•  Chronic Kidney disease 



(48)
Target Organ Damage in Masked Hypertension


Multiple studies have shown that patients identified to have masked hypertension   
 show higher prevalence of target organ damage as compared to the population of true 
 normotensives.  


Liu et al (47) showed that left ventricular mass index, relative wall thickness of left ventricular 
 wall and presence of carotid plaques were more in masked hypertensives as compared to true 
 normotensives. Similarly PAMELA study(48), an Italian study involving 3200 Italian men and 
 women revealed that mask hypertensives  had a higher incidence of left ventricular 


 hypertrophy as compared to the true normotensives , though the incidence was lower than 
  that in patients with sustained hypertension.  


 Multiple  other studies (54–57) have shown  masked hypertension to be associated with a higher 
prevalence of cardiovascular end organ damage as evidenced by various parameters like  Left 
Ventricular Muscle Index (LVMI) Carotid Intimal Medial Thickness (CIMT),  hs-CRP  etc:  



(49)
Progression Of Masked Hypertension 


Masked Hypertension, alternating with prehypertension was understood initially to 


 be precursor to sustained hypertension.(58)  A Quebec based study involving 1669 participants 
 of which 232 patients were identified to have masked hypertension were followed up for 


 a period of 5 years. 


It was noted that 26 % progressed to sustained hypertension at the end of 3 years and  37%  


progressed to  sustained hypertension at the end of 5 years.(59) It was also curious to note 
 that one in third  regressed to normotension and one in five persisted to have masked 
hypertension at the end of five year follow up. 
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Masked Hypertension and Diabetes 


Diabetes Mellitus and Hypertension are individual cardiovascular risks  and when present 
 concomitantly results in additive risk. This makes it vital to detect hypertension early in 
 diabetics. The prevalence of masked hypertension can be as high as nearly half of the 


 patients with type 2 diabetes mellitus(60).  In the IDACO study where 9691 subjects from 11 
 countries were analysed , the prevalence of  masked hypertension was 29.3% as opposed to 
 18.8% among non diabetics.  


Comparative incidence of end organ damage in masked hypertensives as compared to true 
normotensive  and sustained hypertensives  among the diabetics have shown significant 
difference in  brain and kidney damage (60,61)though a similar effect was not observed in 
cardiovascular end organ damage. 
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Masked Hypertension in Chronic Kidney Disease 


Chronic Kidney disease is a public health issue of massive importance. It was the 12th highest 
 cause of mortality as per the 2015, Global Burden of Disease Study, accounting for  a total  
 of 1.1 million deaths world wide.(62) There has been a 31.7% increase in mortality related to 
 Chronic Kidney Disease over the past 10 years making it one of the fastest rising major  
 cause of death globally, accompanied by diabetes and dementia. (62) 


 It is also notable that it occupies the 17th rank as the leading cause for years lost of life due to 
 mortality and morbidity related to the disease. This also means that there has been an 18.4% 


increase in the number of deaths due to CKD as compared with data available from 2005.(63)  
 This is in stark contrast with other non communicable diseases such as ischemic heart disease 
 and chronic obstructive pulmonary disease , which have reported a fall in disease specific 
 mortality to the tune of 10.2 % and 3% respectively. (63) 


The unchecked growth in the incidence of diabetes coupled with rampantly increasing obesity 
 and physical inactivity are considered to be the prime drivers for the current epidemic  


of chronic kidney disease. There has been a 39.5% global increase in the prevalence of diabetic 
 kidney disease from 2005 to 2015. More than half of CKD related deaths in Mexico- the country 
 with the maximum CKD related deaths, were attributed to diabetic kidney disease. 


  



(52)Similar trends have been reported from China and India pointing towards a shift in the  
 metabolic and cardiovascular risk factors in developing countries. 


The first report of Indian CKD registry (64) published in 2012 estimates  diabetic nephropathy 
  as the commonest cause (31%) of chronic kidney disease , followed by CKD of undetermined 
 etiology (16%), chronic glomerulonephritis (14%) and hypertensive nephrosclerosis (13%).  


 The saddest and most surprising aspect of this study is that about 48% cases presented in Stage 
 V; they were younger than those in Stages III-IV.   


The  prevalence of masked hypertension among patients with chronic kidney disease has been 
estimated to be  26- 34% (2).  Considering this high prevalence of masked hypertension `in  
CKD , further studies are required to ascertain the role of masked hypertension in contributing 
 to further end organ damage. 
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Diagnosis Of Masked Hypertension 


The diagnosis of masked hypertension can be made using two modalities, namely Home based 
 blood pressure monitoring (HBPM)  and Ambulatory blood pressure monitoring (ABPM). 


HBPM refers to regular out of office measurement of blood pressure using equipment’s which 
 are not fundamentally different from that used in clinic measurements of blood pressure. 


  


While ambulatory blood pressure monitoring is the method of 24 hour monitoring of blood 
 pressure in patients using an apparatus attached to the patient that monitors blood pressure at 
 regular intervals. 


A study comparing these modalities have shown that more patients  with masked hypertension  
are detected by ABPM (14%) as compared to HBPM (11%)(15) . 
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Prevalence Of Masked Uncontrolled Hypertension 


The IDACO study revealed an increased prevalence of MUCH as opposed to MCH. The 
 prevalence of masked phenomenon was noted to be 18.8% (1031/5486),   


as opposed to 30.5% (192/630) in patients on anti-hypertensives.(65)  The reason for this 
 increased prevalence of MUCH is supposedly due to an increased reduction in office blood 
 pressure values as opposed to average ABPM values with initiation of antihypertensives   
 and also due to a dramatic decrease in white coat phenomenon with onset of therapy.(66,67) 



Treatment of Masked Phenomenon 


Though multiple studies have demonstrated relationship between masked hypertension and 
 target organ damage no clear guidelines have been established as to when treatment should be 
initiated in such patients. While the diagnosis of masked uncontrolled hypertension in an 
 already diagnosed hypertensive on treatment might warrant optimisation of treatment with 
respect to time and dosage of the antihypertensives.   
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METHODOLOGY


Patients who presented to the General Medicine Outpatient department In CMC with a  
 diagnosis of Diabetes Mellitus   and evidence of renal impairment were recruited once they 
 satisfied the inclusion criteria and provided consent for the study. Consenting patients were 
 interviewed regarding their medicine intake, history of diabetes, related comorbidities and 
 addictions if any. They underwent a twenty four hours ambulatory blood pressure monitoring  
 on a normal working day. 


Data from the ambulatory blood pressure machine was analysed along with details of activity 
  and medicine intake provided by the patient in a case report format.   


Outcomes 


1.  Frequency of masked hypertension and masked uncontrolled hypertension in diabetic 
 patients with renal failure. 


2.  Descriptive analysis of patterns of 24 hour blood pressure variations as measured by 
 ambulatory blood pressure monitoring in study population. 


. 
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STUDY DESIGN


This is an  Cross-sectional observational study conducted in the department of  


General Medicine at the Christian Medical College, Vellore from August 2018 to September 
 2019. 



INCLUSION CRITERIA 


All consecutive patients presenting to General Medicine Outpatient Department from august 
 2018 to September 2019 satisfying the following criteria were recruited. 


1.  Age above 18 years. 


2.  Diagnosed as diabetic as per the ADA criteria. 


3.  Diagnosed as chronic kidney disease as per KDIGO (2017) criteria. 
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EXCLUSION CRITERIA 


1.  Pregnant women. 


2.  Patients requiring haemodialysis. 


3.  Non consenting adults. 



SAMPLE SIZE


The prevalence of Masked Hypertension in CKD patients have been reported to be 26-34% (1). 


Assuming that this would be about 30% on an average.  


In the absence of data on the prevalence of Masked Hypertension amongst Diabetes and CKD,  
 as a best estimate, the prevalence of  Masked Hypertension still would be still 30%.  


However, it is expected to be more than 30% (smaller prevalence expected to provide higher 
 size). In order to estimate this with the precision of 5% with 95% CI, then we need to study 325 
 subjects with CKD and Diabetes. If the precision is 6% then we need to study 225 subjects. 


However, we decided to study about 250 subjects with Diabetes and CKD. 


Table 6: Sample size calculation 


Single Proportion - Absolute Precision 


Expected  Proportion of Masked Hypertension  0.3  0.3   


Precision (%)  5  6   


Desired confidence level  (1- alpha) %  95  95   


Required sample size  323  224   


. 
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BASELINE ASSESMENT 


Baseline Assessment of the patients enrolled in the study was done by means of a  
 patient questionnaire, physician notes and lab parameters as recorded under the patients 
  hospital number retrieved from electronic medical records of the patient.  


The baseline characteristics which were assessed and the proforma for collection is  
 given in detail in the annexure 



STATISTICAL METHODS


The data will be entered in EPIDATA software. Data will be screened for extreme values 
  and outliers using frequency distributions, Box Cox plots and Histograms. 


 The prevalence will be presented as per cent with 95% CI. This statistic would also be 
  presented by gender and by broader age categories. As risk factors analyses, 


 chi-square test will be done for the categorical risk variables.  


Student t test will be done for continuous risk variables such as age.  


As multivariable analyses, logistic regression analyses will be done. P value at 5%  


level will be considered for significance. 
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Figure 5: consort diagram 


Age >18 years 
 Consent obtained 
 Non pregnant 


Not on hemodialysis Therapy 


       Recruit for study 


Analysis of collected data  with regard to 


•  Average 24 hour blood pressure 


•  Average nocturnal and diurnal blood pressure 


•  24 hour ambulatory blood pressure profile in 
 regards to activity, medication intake and sleep. 


Diabetic as per ADA Definition + CRF as per 
KDIGO 2017 
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RESULTS 


In the time period of July 2017 to September 2019 , 260 patients presenting to the medical 
  out patient department- who fulfilled the inclusion criteria were invited to be part of this 
 study. 


 Of the 260 patients, 126 patients provided consent to enrol in the study, they were 
 interviewed and the data collection sheets were filled for the same. 


 Out of the 126 patients who consented 100 patients underwent the 24 hour ambulatory 
 blood pressure monitoring. 



(61)Figure 6- STROBE figure 


260 patients- fulfilling the inclusion criteria were invited to enroll for the 
 trial. 


126 patients  provided consent. They were interviewed and data collection 
 sheets filled out 


100 patients underwent the 24 hour ambulatory blood pressure monitoring. 
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BASELINE CHARACTERISTICS 


Finally 100 patients underwent 24 hour ambulatory blood pressure monitoring .  


The mean age of the studied population was 57, with 63% being male and the rest being 
 female. The mean serum creatinine of the study population was 1.80 with 


 a mean  eGFR of 58.49 ml/min/1.73m2 . 


 The  population had a mean duration since diagnosis of diabetes mellitus 


 of 10.46 years- absolute values ranging from 1 year since diagnosis to 4g years since 
 diagnosis. The mean Hba1c of  8.14 reflects the glycaemic control in the study population. 


The study group comprised of 74 % hypertensives and 26% normotensives . 


The Grade of CKD  was predominantly G1 (26%) and G2 (21%). The patients consuming 
 alcohol and smoking were a minority in the group contributing 11% and 14% respectively.  


Further details regarding the population under study has been further elucidated in the table 
below. 



(63)Table 7:Baseline characteristics 


Parameter  %   (N=100) 


Gender 
        Male- 
       Female 


63% 


 7% 


Age (mean)  57 ± 11 


Hypertensives  74% 


Systolic BP at presentation 
 (mean) 


122±11 mmHg 


Diastolic Blood Pressure at Presentation (mean)  75±7 mmHg 


Hba1c (mean)  8.14 ± 1.94 


Duration of Diabetes  10.46±8.44 Years 


Mean Serum Creatinine  1.80 ± 1.32 mg/dL 


Mean  Egfr  58.49 ± 32.97ml/min/1.73m2 


Mean 24 Hr  Proteinuria  632 ± 1251 mg 


Grade of CKD 
       G1- 
       G2- 
       G3 a 
       G3 b 
       G4 
       G5 


26% 


21% 


14% 


12% 


19% 


8% 


Proteinuria  


       A1  9% 



(64)       A2 
       A3 


47% 


44% 


Smokers  11% 


Alcohol Use  4% 



(65)DEMOGRAPHIC DATA 


The sample under study consisted of male more than female subjects with maximal 
 contribution from males above the age of sixty years. The maximal number among the 
 females belonged to the age group of 50-60 years of age. 


Table 8 – Demographic distribution of study population 


Age Groups  30-40  40-50  50-60  Greater than 
 60 


Total 


Male  5  10  19  29  63 


Female  0  8  17  12  37 



(66)Figure 7-  Demographic distribution of study population 
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(67)FREQUENCY OF MASKED HYPERTENSION  


Among the hundred patients who were evaluated 74 were hypertensives and 26 were 
 normotensives.  


Among the latter 14 were noted to have a masked hypertension after the 24 Hour  
 Ambulatory blood pressure monitoring. Thus 53.8% of  normotensives with normal 


 blood pressure at out patient visit was noted to have masked hypertension on concomitant 
 ambulatory blood pressure monitoring. 


FREQUENCY OF MASKED UNCONTROLLED HYPERTENSION 


Among the 74 hypertensives with normal blood pressures at out patient visit who were 
evaluated 56 participants were noted to have a masked uncontrolled hypertension. Thereby 
the prevalence of masked uncontrolled hypertension among hypertensives in the study 
population was 75.7%. 



(68)Table 9 - Frequency of masked hypertension and masked uncontrolled hypertension 


Figure 8- Frequency of masked hypertension and masked uncontrolled hypertension 


  



Frequency distribution


Masked uncontrolled hypertension
 Controlled hypertension


Masked hypertension
 True Normotension


Category  Prevalence  


Hypertensives 


    Masked Uncontrolled Hypertension 
     Controlled Hypertension 


74/100 (74%) 
 56/74 (75.7%) 
 18/74 ((24.3%) 
 Normotensives 


   Masked Hypertension 
    True Normotension 


26/100 (26%) 
14/26(53.8%) 
12/26 (46.2%) 



(69)ABPM PATTERNS IN OVERALL SAMPLE 


Among the 100 patients who underwent the study the largest number of people that is  52 
 people  had non dipping pattern  , followed by 28 people with  dipping pattern 


 and 20 people with reverse dipping pattern.  


Table 10 :ABPM Patterns In Overall Sample 


Pattern  Prevalence 


Dipping  28/100 


Non  Dipping  52/100 


Reverse Dipping  20/100 


  


Figure 9 - ABPM patterns in overall sample population 
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(70)ABPM PATTERNS AMONG SUBJECTS WITH MASKED HYPERTENSION 


Among the 14 subjects with masked hypertension  a majority of  9 subjects  (64.3%) 
  revealed a non dipping pattern while dippers and reverse dippers were 2 (14.3%) and 3 
 (21.4%) in number , respectively. 


Table 11:  ABPM patterns In Masked Hypertension 


Pattern  Of ABPM  Prevalence among masked 


hypertensives (N=14) 


Dipping  2 (14.3%) 


Non Dipping  9 (64.3%) 


Reverse dipping  3 (21.4%) 



(71)Figure 10: ABPM Patterns in Masked Hypertension 


ABPM PATTERNS AMONG SUBJECTS WITH TRUE NORMOTENSION 
 Table 12: ABPM patterns among true normotensives 


Pattern  Of ABPM  Prevalence among normotensives 
 (N=12) 


Dipping  3 (25%) 


Non Dipping  7 (58.3%) 


Reverse dipping  2 (16.67%) 



ABPM patterns in Masked Hypertension
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(72)Figure 11: ABPM Patterns among normotensives 
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(73)ABPM PATTERNS AMONG SUBJECTS WITH MASKED UNCONTROLLED 
 HYPERTENSION 


Among the 56 subjects with masked uncontrolled hypertension in the study, 29  (51.8%)  
 were non dippers , 12 (21.4%) were dippers and 15 (26.8%) were reverse dippers. 


Table  13: ABPM Patterns in Masked Uncontrolled Hypertension 


Pattern Of ABPM  Prevalence among masked uncontrolled  
 Hypertension (N=56) 


Dipping  12 (21.4%) 


Non Dipping  29 (51.8%) 


Reverse Dipping  15 (26.8%) 



(74)Figure 12:  ABPM patterns in Masked  uncontrolled hypertension 


ABPM PATTERNS AMONG SUBJECTS WITH CONTROLLED HYPERTENSION 
 Table 14- Patterns Of ABPM among Controlled Hypertension 


Pattern Of ABPM  Prevalence among controlled  
 Hypertension (N=18) 


Dipping  11(61.1%) 


Non Dipping  7(38.9%) 


Reverse Dipping  0(0.0%) 



ABPM Patterns in Masked Uncontrolled  Hypertension
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(75)Figure 13- ABPM patterns in Controlled Hypertension  
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(76)COMPARITIVE PROFILES OF ABPM 
 Table  15- Comparative Profiles Of ABPM 
 Blood 


Pressure 
 parameters 
 (Mean) 


Total 
 Sample 
 (N=100) 


True  


Normotension 
 (N=12) 


Masked 
 Hypertension 
 (N=14) 


Masked 
 Uncontrolled 
 Hypertension 
 (N=56) 


Controlled 
 Hypertension 
 (N=18) 
 Presenting 


Systolic 
 BP in 
 OPD  


122  112  123  124  124 


Presenting 
 Diastolic 
 BP in 
 OPD  


75  71  75  76  76 


24hr 
 Systolic 
 BP 


133.29  117.51  135.76  141.89  118.02 


24hr 
 Diastolic 
 BP 


79.06  73.28  83.22  81.63  72.69 


Avg 
 Daytime 
 Systolic 
 BP 


133.48  117.73  135.65  141.56  119.76 


Avg  
 daytime 
 Diastolic 
 BP 


80.31  73.82  84.52  82.80  74.48 


Average 
 Night time  
 Systolic 
 BP 


131.28  116.75  129.23  142.39  111.98 


Average 
 Nigh time  
 Diastolic 
 BP 


76.78  71.34  79.01  80.67  67.35 



(77)MARKERS OF GLYCAEMIC CONTROL IN PATTERNS OF ABPM 
 Table 16: Markers of Glycaemic Controls In Patterns  Of ABPM 


Dipping  Non Dipping  Reverse Dipping 
 Mean Duration of 


Diabetes  11  10  8 


Mean Hba1c  7.90  8.23  8.16 


Mean FBS  137  163  161 


Mean PPBS  221  237  228 


On using penalised logistic regression to calculate odds ratio and p value to look for an 
association between the glycaemic control and patterns of ambulatory blood pressure, there 
were no significant associations between the two (p<0.05). 



(78)RENAL PARAMETERS IN PATTERNS OF ABPM 


Table 17: Renal parameters in Patterns of ABPM 


Dipping  Non Dipping  Reverse Dipping 
 S. Creatinine  


(mg/dL) 


1.96  1.55  2.22 


eGFR 


(mL/min/1.73m2)


64.29  59.05  48.92 


Proteinuria 
 (mg/24hrs) 


758  461  899 


On Calculating  p value to look for association of ABPM pattern to renal function using 
 penalised logistic regression, there was no significant association noted in this study. 


 (p>0.05) 



(79)ANTIHYPERTENSIVES USED AND PATTERNS OF ABPM  
 Table 18: Antihypertensives in Patterns of ABPM 


Dipping  
 (N=28) 


Non Dipping 
 (N=52) 


Reverse Dipping 
 (N=22) 


Calcium Channel 
 Blockers 


14 (50%)  22 (42.3%)  10 (45.5%) 


Beta Blockers  6 (21.4%)  12 (23%)  8 (36.4%) 


ACE-I/ARB  14 (50%)  18 (34.6%)  6 (27.3%) 


Diuretics  6 (21.4%)  8  (15.3%)  5 (22.7%) 


Others  2 (7.1%)  4 (7.7%)  3 (13.6%) 


The frequency of antihypertensive use in different patterns of AABPM has been tabulated 
above. The data was analysed for associations with penalised logistic regression. There were 
no significant association of patterns of ABPM with the class of antihypertensive used. 



(80)MARKERS OF GLYCAEMIC CONTROL IN MASKED PHENOMENON 
 Table 19 : Markers of glycaemic control in masked hypertension 


Masked 
 Hypertension 
 (N=14) 


True 


Normotensives 
 (N=12) 


Masked 
 uncontrolled 
 Hypertension 
 (N=56) 


Controlled 
 Hypertension 
 (N=18) 


Mean 
 Duration of 
 Diabetes 


8  8  10  12 


Mean  Hba1c  9.18  8.18  8.1  7.61 


Mean FBS  173  157  158  142 


Mean PPBS  270  233  232  216 


On using Penalised logistic regression to look at significant association of  the glycemic 
 parameters with Masked hypertension or masked uncontrolled hypertension.  The odds ratio 
 was crossing one within  95 % confidence intervals and the P value was greater than 5 %. 


Thereby pointing towards no significant association of masked phenomenon with glycaemic 
 control. 


  



(81)ANTIHYPERTENSIVE  USE IN MASKED UNCONTROLLED HYPERTENSION  


Table 20:Antihypertensive use in masked uncontrolled hypertension 


A correlation between type of antihypertensive use and masked phenomenon was looked for 
 and a significant association was found between use of calcium channel blockers and 


incidence of masked hypertension (p=o.o4) using penalised logistic regression. 


Controlled 
 Hypertension 
 (N=18) 


Masked 
 Uncontrolled 
 hypertension 
 (N=56) 


Odds Ratio  P value 


Calcium  


Channel Blocker 


8 (44.4%)  38 (67.85%)  2.97  0.04 


Beta blockers  7 (38.88%)  18 (32.14%)  0.82  0.71 


ACEI/ARB  12 (66.66%)  25 (44.64%)   0.50  0.19 


Diuretics   5( 27.77%)  14( 25%)  0.92  0.89 


Others  1 (5.55%)  8 (14.28%  2.27  0.39 



(82)RENAL PARAMETERS IN MASKED PHENOMENON 
 Table 21: Renal parameters in masked phenomenon 


Masked 
 Hypertension 
 (N=14) 


True 


Normotension 
 (N=12) 


Masked 
 Uncontrolled 
 Hypertension 
 (N=56) 


Controlled 
 Hypertension 
 (N=18) 


S. Creatinine (mg/dL)  1.10  1.26  2.10  1.74 


eGFR(mL/min/1.73m2)  77.42  68.90  51.42  60.91 


Proteinuria(mg/24hrs)  191  132  969  248 


The association between masked phenomenon and renal function was looked at by 


calculating p values using penalised logistic regression however there were no significant 
associations noted. 



(83)ABPM PATTERN IN SMOKING AND ALCOHOL USE 
 Table:22 ABPM patterns in smoking and alcohol use 


Dipping  Non Dipping  Reverse 
 Dipping 


Total 


Smokers  0  5  6  11 


Alcohol Use  1  1  2  4 



(84)MASKED PHENOMENON IN SMOKING AND ALCOHOL USE 


Table 23:Masked phenomenon in smoking and alcohol use 
 Masked 


Hypertension 


Masked 
 Uncontrolled 
 Hypertension 


True 


Normotension 


Controlled  
 Hypertension 


Smokers  2  8  1  11 


Alcohol Use  0  4  0  4 



(85)
      DISCUSSION 


Prior studies have revealed a the prevalence of masked hypertension to be  nearly 30  to  
 50%  (60) among diabetes and in the range of  26%  (8) among patients with renal failure.  


However exact prevalence details regarding   masked hypertension among diabetics with 
 renal impairment is not available.  


In this study among the 26  normotensive diabetics who underwent ABPM study 14 of them 
 had masked hypertension. That is 53.8% of the apparently normotensive diabetics were  
 noted to have masked hypertension. 


Data regarding Masked uncontrolled hypertension has been even more scarce , however 
 studies have noted that the masked phenomenon has a higher incidence among 


 hypertensives than among  normotensives.  


 This observation held true in our study also.  Among the 74 hypertensives who underwent 
ABPM study 56 of them were noted to have  masked uncontrolled hypertension.  
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