
Heat-Related Morbidity in North 

Carolina: Who’s at Risk? 

2nd Symposium on Environment and Health  

91st Annual Meeting of the American Meteorological Society 

Seattle, WA  25 January 2011 

Christopher M. Fuhrmann, Charles E. Konrad II,  

Margaret M. Kovach, D.J. Perkins 
 

Southeast Regional Climate Center 

University of North Carolina at Chapel Hill 

 

David B. Richardson 
 

Department of Epidemiology, Gillings School of Global Public Health 

University of North Carolina at Chapel Hill 



Research Questions 

 What are the spatial and temporal patterns of heat-related 

illness (HRI) across North Carolina? How do these patterns 

vary between urban and rural counties?  

 

 What age groups are most at risk for HRI? Are these groups 

more likely to reside in urban or rural counties?  

 

 How many excess emergency department (ED) visits occur 

during heat wave periods compared to non-heat wave 

periods? Which primary health conditions are elevated during 

heat wave periods? How do these patterns vary among age 

groups across North Carolina? 



North Carolina Disease Event Tracking 

and Epidemiologic Tool (NC DETECT) 

Follows a state-wide mandate for near-real time ED data 



Daily time series of statewide heat-related* ED visits: 2007-2008 

2007 = 1431 visits (15.8 per 100,000) 

*International Classification of Diseases, 9th Revision (ICD-9), Codes 992.0-992.9 

2008 = 1159 visits (12.6 per 100,000) 

84% of annual visits 

occur June-August 



Total number of statewide 

ED visits for HRI from 2007-

2008 by age group   

Average annual rate of ED 

visits for HRI by age group   



*Rural counties: ≤ 250 people per mile2 (based on 2000 census) 

*as defined by the NC Rural Economic 

Development Center 

n = 85 

n = 15 

Total Population: 

 

Rural = 4,507,084 

Urban = 4,550,495 

County Classification: Urban vs. Rural 



Rate of ED visits (per capita) 

for HRI by county from 2007 

to 2008 

 

Total Visits: 

Urban  1186 

Rural  1404 (+218) 

 

Annual Visit Rate (per 100,000): 

Urban  13.0 

Rural  15.6 (+2.6) 

Age distribution of per 

capita ED visits for HRI 

between urban and rural 

counties   



Possible at-risk groups   

Agricultural workers   

Young Athletes   



Day of week distribution 

of per capita ED visits for 

HRI between rural and 

urban counties  

Hour of day (LST) 

distribution of per capita 

ED visits for HRI between 

rural and urban counties  



How Do Heat Waves Impact Morbidity 

Across North Carolina? 

Two heat waves occurred during the study period: 

4-11 August 2007 4-11 June 2008 

These 16 heat wave days comprise only 2% of all days in the study 

period, but are responsible for 27% of all the statewide ED visits for HRI 

 

To determine excess morbidity during the heat wave periods, we 

compared the visit rates to a series of non-heat wave (reference) periods 



Selection of Reference Periods* 

• Same duration, month, and same distribution of days of the week 

 

• Utilize per capita rates to account for annual population changes 

 

• Do not include period immediately after heat wave (i.e. “harvesting”) 

 

• Calculate excess visit rates during heat wave periods: 

 

• Excess = heat wave period – reference period 

Reference Period          Mean Max T° 
 

2-9 August 2008  91.3 

9-16 August 2008  84.0 

16-23 August 2008  85.4 

25 Aug-1 Sept 2007  88.9 

 

Heat Wave (4-11 Aug 07) 95.1   

Reference Period             Mean Max T° 
 

6-13 June 2007  85.5 

13-20 June 2007  82.6 

20-27 June 2007  87.4 

18-25 June 2008  85.9 

 

Heat Wave (4-11 Jun 08) 93.5  

*Refer to Semenza et al. (1999) and Knowlton et al. (2006) 



Excess Per Capita ED Visits for Heat-Related Illness 

During the August 2007 Heat Wave Period 



Excess Per Capita ED Visits for Selected Causes of  

Morbidity During the August 2007 Heat Wave Period 



Excess Per Capita ED Visits for Heat-Related Illness 

During the June 2008 Heat Wave Period 



Excess Per Capita ED Visits for Selected Causes of  

Morbidity During the June 2008 Heat Wave Period 



Summary 

 ED visit rates for HRI were 16% higher in rural counties. 

 

 The highest ED visit rates for HRI were among teenagers, with slightly 

higher rates in urban counties.  The lowest rates were among infants 

and children.  ED visit rates were notably higher among young and 

middle-age adults in rural counties, particularly during the work week.   

 

 ED visit rates for HRI were markedly higher during heat wave periods, 

with more excess visits in rural counties and generally among young 

and middle-aged adults.  Teenagers in urban counties were more at 

risk during the late summer heat wave, while the elderly were more at 

risk during the early summer heat wave in urban counties. 

 

 Other primary health conditions elevated during heat wave periods 

include electrolyte imbalance, cardiovascular and respiratory 

diseases, injuries, and trauma. 



What are the next steps? 

 Incorporate more data: 

– Summers 2009, 2010 

– Secondary diagnoses  

– EMS service calls 

– Triage notes 

 

 Examine vulnerability at the 

community level 

 

 Develop risk models 

incorporating detailed climatic 

and demographic information 

 

 Work with NOAA, NWS, and 

our health partners to develop 

more sophisticated heat-health 

warning systems  

Example of a public information statement on extreme 

heat issued by the Raleigh, NC, National Weather 

Service on 4 August 2010 
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presented. 
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