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    Abstract
Background Information on causes of death is vital for planning of health services. However, vital events registration systems are weak in developing countries. Therefore, verbal autopsy (VA) tools were incorporated in a community-based surveillance system to track causes of death.

Method and Findings Trained fieldworker identified all deaths and interviewed a living relative of those who had died during 1992–2009, using VA, in eight villages of Haryana (11 864 populations). These field reports detailing events preceding death were reviewed by two trained physicians, who independently assigned an International Classification of Disease-10 code to each death. Discrepancies were resolved through reconciliation and, if necessary, adjudication. Non-communicable conditions were the leading causes of death (47.6%) followed by communicable diseases including maternal, perinatal and nutritional conditions (34.0%), and injuries (11.4%). Cause of death could not be determined in 6.9% cases. Deaths due to cardiovascular diseases showed a significant rise, whereas deaths due to diarrhoeal diseases have declined (p<0.01). Majority (90.0%) of the deceased had contacted a healthcare provider during illness but only 11.5% were admitted in hospital before death.

Conclusion Rising trend of cardiovascular diseases observed in a rural community of Haryana in India calls for reorientation of rural healthcare delivery system for prevention and control of chronic diseases.
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Introduction
Cause-of-death information is an important planning tool for health services. However, most low- and middle-income countries lack well-established vital events registration systems.1 In India, <25% of the deaths are registered.2 Over two-third of the deaths occur at home, hence, medical certification of cause of death cannot be ascertained for majority of the deaths in the population.3 Therefore, most developing countries have so far relied on modelling to estimate cause-specific mortality for health planning.4 ,5
Verbal autopsy (VA) is a reliable alternate tool for tracking causes of deaths in settings where coverage and quality of vital registration systems remain poor. Validity of VA has been shown to be satisfactory for generating population-level information on causes of deaths.6–9 Therefore, VA method has been implemented in several sentinel mortality surveillance systems.10 A nationally representative study, which used VA to determine causes of death during 2001–2003, has reported non-communicable diseases (NCDs) (42%) to be the leading cause of death in India.11 However, reliable time trends on causes of death are not yet available to understand the pace of epidemiological transition among demographically diverse communities in India.
As risk factors and disease rates can have substantial heterogeneity especially in a large middle-income country like India, analysis of causes of death in various communities are needed to characterise epidemiological transition for identifying relevant policy priorities. Therefore, this study was aimed at ascertainment of the time trends in distribution of causes of death using VA methods so as to characterise the pace of epidemiological transition in a rural community of northern India.

Materials and methods
In 1992, a community-based surveillance system was set up in eight villages from Raipur Rani Block in Panchkula district of Haryana state in India, which had a population of 11 864. These villages were purposively selected as these were a learning site for Post Graduate Institute of Medical Education and Research. This relationship capacitated study investigators to ensure data quality and good coverage for the entire study period. Agriculture is the primary occupation of this population. Surveillance villages are located at about 3–5 km from the Community Health Centre and about 40 km from the state capital.
A trained 10th grade pass fieldworker visited key informants in each of the surveillance village every week. The key informants included village health volunteers, traditional birth attendants, childcare workers (anganwadi workers), health workers, school teachers, members of women's committee (mahila mandal) and village headman (sarpanch). All deaths reported in surveillance site were investigated using a two-page pretested semi-structured questionnaire. The questionnaire contained basic socio-demographic information such as social status (caste), age, sex, date of death, place of death, time of death, care seeking before death, followed by an open-ended section. A verbatim narrative report of the symptoms/signs and circumstances of death and medical care/treatment sought before death was recorded. Interviews were conducted in local language (Hindi) 1 month after the death to allow for the mourning period. Interviewees were close associates of the deceased, for example, spouse, parents, siblings, father/ mother/bother/sister-in-laws, who were familiar with the events before the death.
The VA interview reports were used by two trained physicians independently to assign the underlying cause of death and a three digit code as per the International Classification of Disease 10th Revision. In case of disagreement on the underlying cause of death between the two physicians, adjudication was done independently by a third physician. Cause of death could not be determined in 6.9% of the deaths; most of these (60%) were in the age group of 60+ years.
Age and sex distribution of the population was obtained from the health workers who conduct a complete family census of the villages every 5 years. Cause-specific mortality was calculated for three time periods, that is, 1992–1997, 1998–2003 and 2004–2009. Causes of deaths were categorised into three groups. group II: NCD and group III: injuries - group II: NCD; and group III: injuries. Direct standardisation methods were used to take into account changes in age and sex composition of the population. 95% CIs were estimated for the directly standardised cause-specific mortality rates. Data were analysed using STATA software.12

Results
Over a period of 18 years (1992–2009), 1440 deaths were recorded; 59.2% were men and 47.0% belonged to low-social status families. Most (90.0%) of the deceased had availed healthcare during the illness; 54.0% had consulted allopathic and 31.0% had contacted indigenous (ayurvedic) medical practitioners. Twelve per cent deceased were admitted in hospital before death, predominantly in government hospitals.
Age and sex composition of population has changed in the study community during the 18-year period (1992–2009). Crude birth and death rate have declined from 21.2 to 14.2 and 7.6 to 6 per 1000 population, respectively. Age-specific mortality has declined significantly in the age group of 0–4 years and 60+ years, but it did not change in the age group of 15–59 years (table 1). Infant mortality rate has declined from 75 to 53 and maternal mortality ratio has dropped from 2.3 to 1.4 per 1000 live births.
View this table:	View inline
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Table 1 Age and sex wise death rate per 1000 population per year in a rural community of Haryana, India



Overall, about 47.6% deaths were due to NCDs, 34.0% had died due to communicable diseases including maternal, perinatal and nutritional conditions, and 11.4% of the deaths were due to injuries. Of the 26 stillbirths, adequate VA reports were available for 19 births, and half of them had causes related to intra-natal period. Majority (53%) of stillbirths were related to factors associated to mother-like premature rupture of membranes, pregnancy-induced hypertension and obstructed labour.
As shown in table 2, perinatal conditions, respiratory infections and diarrhoeal diseases ranked highest among children younger than 5 years. Injuries were the most common cause of death in the age group of 15 to 39 years. Cardiovascular diseases (CVDs), cancers and chronic respiratory diseases were the leading causes of death among mature adults (40+ years). Deaths due to CVDs and injuries were higher among men, whereas diarrhoeal diseases and respiratory infections were more common among women. Out of the eight maternal deaths, five were due to postpartum haemorrhage.
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Table 2 Top 10 cause-specific mortality rates per 1000 population per year by age and sex in a rural community of Haryana, India, 1992–2009



Cause-specific mortality has changed significantly (figure 1). CVDs mortality rate has doubled in last 18 years (p<0.05). Mortality due to chronic respiratory diseases and cancers has not changed, but deaths due to genitor-urinary diseases have declined. Injury mortality also did not register significant change. Overall, deaths due to communicable diseases have registered an impressive decline. Diarrhoeal disease mortality has dropped by about 75% (p<0.05). Deaths due to respiratory infections have also declined by about 35%. The decline in diarrhoea and respiratory infections mortality occurred predominantly in children younger than 5 years, but mortality due to perinatal conditions did not change.
[image: Figure 1]
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Figure 1 Time trends in cause-specific mortality standardised for age and sex in a rural community of Haryana, India, 1992–2009.




Discussion
The global burden of disease and injury estimates had stated that India is undergoing health transition. This study confirms that rural communities in Haryana state are passing through demographic and epidemiological transition. Crude birth rate as well as death rate declined in the study community as is also the case in rest of Haryana state.13 The proportion of people aged <5 years has declined in the population over the last 18 years. Deaths due to infectious diseases especially diarrhoeal disease mortality have registered a decline, whereas cardiovascular diseases were found to be rising in the study population, indicating epidemiological transition. Other rural areas of India may also be passing through epidemiological transition. A study from a rural community of southern India had also reported chronic non-communicable as leading cause of mortality.14 The causes of death study in the sample registration system during 2001–2003 has reported about 40% of the deaths due to NCDs in rural areas of India. However, these studies did not provide time trends for causes of deaths.
In the present study, CVDs were found to be the leading cause of deaths. Previous studies conducted in the study area showed increasing prevalence of hypertension15–17 with rising prevalence of overweight.16 A study from urban slums of Kolkata has also reported cardiovascular mortality as a top cause of death followed by malignancies and respiratory ailments.18 The social gradient in NCDs' risk factors seems to be changing in northern India.17 It was interesting to find a significant decline in deaths due to genito-urinary diseases. Most of these conditions are related to benign enlargement of prostate in men. This could be due to a combination of decline in incidence of these conditions or improved survival due to availability of safer transurethral resection procedure compared with the traditional prostate surgery.
Diarrhoeal diseases have shown a remarkable decline, but perinatal conditions still continue to be the leading cause of mortality among children younger than 5 years. Hence, specific health initiatives such as skilled care at the time of childbirth are needed. Respiratory infections still figure as a prominent cause of death. Overall, among all ages, more than one-third of deaths continue to be due to communicable conditions diseases, perinatal/maternal and nutritional conditions. It indicates that rural communities now face dual burden of communicable as well as NCDs.
The care-seeking pattern shows that although most of the deceased had consulted medical practitioners, but only a small proportion of them were admitted in hospitals (11.5%). Primary healthcare utilisation from public facilities improved from 17% to 27% in the last 10 years in rural area of the state.19 However, in view of the rising burden of CVDs, healthcare availability will pose more challenges in future. Hence, now is the right time for investing resources in reorientation of the healthcare delivery system for prevention and control of CVDs. So far rural health services were geared to tackle communicable diseases, nutritional, perinatal and maternal conditions. A field trial has demonstrated the feasibility of implementing CVDs prevention and treatment model through non-physician health workers in rural primary healthcare setting.20
To conclude, a mortality surveillance system that incorporated VA methods revealed a rising trend of deaths due to cardiovascular diseases and a decline in deaths due to diarrhoeal diseases in a rural community of northern India. These results imply that these rural communities are undergoing epidemiological transition that calls for reorientation of healthcare priorities.
What is already known on this subject
	Indirect estimates suggest that mortality patterns are changing in low- and middle-income countries.

	Trends on causes of death have not been reliably measured in these countries as vital events registration systems are weak. Verbal autopsy is a reliable alternate method to ascertain cause of death.



What this study adds
	Eighteen-year surveillance using verbal autopsy revealed significant change in mortality pattern in a rural community of north India.

	Deaths due to infectious diseases like diarrhoea have declined, while cardiovascular disease mortality has risen.

	Epidemiological transition is underway in rural communities of north India.




Acknowledgments
We thank Drs Kamlesh P Joshi, B Thirumala Rao, Tanzin Dikid, Suraj Senjam Singh, Jeyashree K, Hemant D Shewade, Rashmi Kashyap, Jay Prasad Tripathy and Khumukcham Trusty for their assistance in coding the causes of deaths.

References
	↵	Mathers  CD, 
	Fat  DM, 
	Inoue  M, 
	et al

. Counting the death and what they died from: an assessment of the global status of cause of death data. Bull World Health Organ 2005;83:171–7.
OpenUrlPubMedWeb of Science


	↵World Health Organization. World health statistics 2008. Geneva, Switzerland: World Health Organization, 2008:110.



	↵Office of the Registrar General & Census Commissioner. Report on Medical Certification of Cause of Death 2002. New Delhi: Government of India, 2005.



	↵World Health Organization. Report on Reducing Risks: Promoting Healthy Life. Geneva, Switzerland: World health Organization, 2002:230.



	↵	Murray  CJL, 
	Lopez  AD

. Global Health Statistics. Global Burden of Disease and Injury Series. Boston MA: Harvard School of Public Health, 1996.



	↵	Setel  PW, 
	Whiting  DR, 
	Hemed  Y, 
	et al

. Validity of verbal autopsy procedures for determining cause of death in Tanzania. Trop Med Int Health 2006;11:681–96.
OpenUrlCrossRefPubMedWeb of Science


	↵	Kumar  R, 
	Thakur  JS, 
	Rao  BT, 
	et al

. Validity of verbal autopsy in determining causes of adult deaths. Indian J Public Health 2006;50:90–4.
OpenUrlPubMed


	↵	Kumar  R, 
	Sharma  AK, 
	Barik  S, 
	et al

. Maternal mortality inquiry in a rural community of North India. Int J of Gynaecol Obstet 1989;29:313–20.
OpenUrlCrossRef


	↵	Aggarwal  AK, 
	Jain  V, 
	Kumar  R

. Validity of verbal autopsy for ascertaining the causes of stillbirths. Bull World Health Organ 2011;89:31–40.
OpenUrlCrossRefPubMedWeb of Science


	↵INDEPTH Network. International Network for the Demographic Evaluation of Populations and Their Health in Developing Countries. www.indepth-network.org (accessed 24 Jul 2011).



	↵	Jha  P, 
	Gajalakshmi  V, 
	Gupta  PC, 
	et al

. Prospective study of one million deaths in India: rationale, design and validation results. PLoS Med 2006;3:e18.
OpenUrlCrossRefPubMed


	↵StataCorp. Stata Statistical Software: Release 11. College Station, TX: StataCorp LP, 2009.



	↵Government of India. Registrar General and Census Commissioner of India. Sample Registration System Bulletin. New Delhi: Government of India, 1990–2010.



	↵	Joshi  R, 
	Cardona  M, 
	Iyengar  S, 
	et al

. Chronic diseases now a leading cause of death in rural India-mortality data from the Andhra Pradesh Rural Health Initiative. Int J Epidemiol 2006;35:1522–9.
OpenUrlAbstract/FREE Full Text


	↵	Raizada  A, 
	Prasad  VS, 
	Aggarwal  AK, 
	et al

. Morbidity profile in primary care clinics. Bull Postgrad Inst Med Educ Res 2000;34:131–4.
OpenUrl


	↵	Kumar  R, 
	Singh  MC, 
	Ahlawat  SK, 
	et al

. Urbanisation and coronary heart disease: a study of rural urban differences in northern India. Indian Heart J 2006;58:126–30.
OpenUrlPubMed


	↵	Kar  S, 
	Thakur  JS, 
	Virdi  N, 
	et al

. Risk factors of cardio-vascular diseases: is social gradient reversing in an area of north India? Natl Med J India 2010;23:206–9.
OpenUrlPubMed


	↵	Kanungo  S, 
	Tsuzuki  A, 
	Deen  JL, 
	et al

. Use of verbal autopsy to determine mortality patterns in an urban slum in Kolkata, India. Bull World Health Organ 2010;88:667–74.
OpenUrlCrossRefPubMedWeb of Science


	↵International Institute for Population Sciences, Macro International. National Family Health Survey (NFHS-3), 2005–06. Vol. I. India, Mumbai: International Institute for Population Sciences, 2007.



	↵	Kar  S, 
	Thakur  JS, 
	Jain  S, 
	et al

. Cardiovascular disease risk management in a primary health care setting of north India. Indian Heart J 2008;60:19–25.
OpenUrlPubMed







  


  
  



  
      
  
  
    Footnotes
	Funding Post Graduate Institute of Medical Education and Research Chandigarh (India) had provided resources for conducting this study.

	Competing interests None.

	Patient consent Obtained.

	Ethics approval This study was conducted with the approval of the Institute Ethics Committee.

	Provenance and peer review Not commissioned; externally peer reviewed.





  


  
  



  





  


  
  



  
        Read the full text or download the PDF:

    
  
  
    
  
    
  
    
    
      
        
  
      
  
  
      


  
  



      

    


    
      
        
  
      
  
  
    Subscribe  


  
  



      

    

    
    
      
        
  
      
  
  
    Log in   


  
  



  
      
  
  
    
  
    
  
      
  
  
    Log in via Institution
Log in via OpenAthens
  


  
  



  
      
  
  
    Log in using your username and password

 For personal accounts OR managers of institutional accounts



  Username *
 



  Password *
 




Forgot your log in details?Register a new account?

Forgot your user name or password?




  


  
  



  



  


  
  



      

    

  
  
   
  
    



  


  
  



      

      
    

    
    
      
        
  
      
  
  
      


  
  



      

    

  
  
   
    
    
    
      
        
  
      
  
  
    
  
      
  
     
          

          

          

          

          




  


  
  



      

    

  
  
   
  


  



  

          

        


        
        
      

    

   

 


    
    
      
          
    

    
  
    
  	Content	Latest content
	Current issue
	Archive
	Browse by collection
	Most read articles
	Responses


	Journal	About
	Editorial board
	Sign up for email alert
	Subscribe
	Thank you to our reviewers


	Authors	Instructions for authors
	Submit an article
	Editorial policies
	Open Access at BMJ
	BMJ Author Hub


	Help	Contact us
	Reprints
	Permissions
	Advertising
	Feedback form





  



  

      
            
        
            
    

    
  
    
  
    
  
      
  
  
    	 RSS
	 Twitter
	 Facebook
	 SoundCloud

  


  
  



  



  



  

        
      

          

  
      
    
      
    

    
      
        	Website Terms & Conditions
	Privacy & Cookies
	Contact BMJ


        
        Cookie Settings
        
        Online ISSN: 1470-2738Print ISSN: 0143-005X

        Copyright © 2023 BMJ Publishing Group Ltd. All rights reserved.

      

    

  
      
    
        
    

    
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  



  

    

  

  
  




