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Abstract. Case-control study has made, and will continue to make, important contributions 

to the environmental health field. Case-control studies are very common in environmental 

epidemiologic research as hypothesis-testing designs. The purpose of this article is to 

discuss the principles of a case-control study design and related methodological issues in 

environmental epidemiology. Case-control studies assessing environmental risk factors are 

pursued due to low cost, efficiency, disease latency, etc. Weaknesses do not negate strengths 

of the case-control design. Many examples illustrate the value of the case-control study as 

investigative approach in assessing environmental exposures and health outcomes. 

Recognizing that well-designed case-control studies can provide valid results is important, 

so that investigators can both critically appraise and appropriately design case-control 

studies to address important environmental research questions. 
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1. INTRODUCTION 

Epidemiology is one of the core disciplines used to examine the associations between 

environmental hazards and health outcomes. Study designs can be arranged on a continuum 

ranging from hypothesis-generating designs that provide limited information to complex 

hypothesis-testing designs. For the particular problem being investigated, some designs are 

better than others, depending upon what is to be achieved, the availability of study 

populations, the disease or health outcome studied, and the need to uncover disease etiology. 

Case-control studies are usually the most readily and cheaply carried out of all analytic 

epidemiologic studies. They are very common in environmental epidemiologic research.  

The purpose of this article is to discuss the principles of a case-control study design 

and related methodological issues in environmental epidemiology. The focus is on examples 

aimed at evaluating causal hypotheses regarding exposures to suspected health hazards.  
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2. STUDY DESIGN AND METHODOLOGICAL ISSUES 

Case-control studies are observational because no intervention is attempted and no 

attempt is made to alter the course of the disease. Case- control study compares patients 

who have a disease or outcome of interest (cases) with patients who do not have the 

disease or outcome (controls), and looks back retrospectively to compare how frequently 

the exposure to a risk factor is present in each group to determine the relationship 

between the risk factor and the disease. Cases may be patients from hospitals, specialized 

clinics, medical practices, or disease registries such as cancer registries. Controls can be 

from the community, healthy persons, friends or relatives of the cases, or patients from 

hospitals or clinics, affected by a disease that is etiologically unrelated to the outcome of 

interest. Cases and controls are generally matched according to criteria such as sex, age, 

race or other criteria, because they are typically strong confounders of disease [17]. 

Confounders are variables associated with the risk factor and may potentially be a cause 

of the outcome [5]. 

Case-control studies are designed to estimate odds ratio (OR), as a measure of association 

between the exposure and outcome [8]. The exposure- OR refers to “the ratio of odds in 

favor of exposure among cases to the odds in favor of exposure among the controls [11]. 

An odds ratio, statistically significant, of more than 1 suggests a positive association between 

the exposure and disease or other outcome. One method to determine past exposure is to 

interview subjects from both groups regarding their exposure history. It may be possible to 

conduct direct measurements of the environment for various types of exposures.  

Case-control studies are well suited to investigate rare outcomes or outcomes with a long 

latency period because subjects are selected from the outset by their outcome status. Thus, 

case-control studies are quick, relatively inexpensive to implement, require comparatively 

fewer subjects, and allow for multiple exposures or risk factors to be assessed for one outcome 

[9,4]. Limitations of any case-control study include small sample size, selection bias, 

environment exposure misclassification, recall bias, and confounding. This suggests that a 

blended approach that combines questionnaires, exposure modeling (e.g., using residence 

information to evaluate past air pollution exposure), biological measurements (e.g., bone or 

blood lead measurements), and possibly environmental monitoring data (e.g., water quality 

measurements) could provide greater specificity of exposures and accuracy. Recall bias is also 

a limitation when using questionnaires, especially when seeking long term or historical 

information regarding exposure as these and other factors of possible significance may have 

occurred many years before the diagnosis and study enrollment, and thus participants may 

have difficulty remembering potential data. These biases decrease the internal validity of 

the investigation and should be carefully addressed and reduced in the study design. 

Investigations examining rare outcomes may have a limited number of cases to select from, 

whereas the source population from which controls can be selected is much larger. In such 

scenarios, the study may be able to provide more information if multiple controls per case are 

selected. This method increases the “statistical power” of the investigation by increasing the 

sample size. The precision of the findings may improve by having up to about three or four 

controls per case [16,18].  
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3. EXAMPLES OF THE ENVIRONMENTAL EPIDEMIOLOGY LITERATURE 

As we have noted, selecting the appropriate group of controls can be one of the most 

demanding aspects of a case-control study. An important principle is that the distribution 

of exposure should be the same among cases and controls; in other words, both cases and 

controls should stem from the same source population. The investigator may also consider the 

control group to be an at-risk population, with the potential to develop the outcome. Because 

the validity of the study depends upon the comparability of these two groups, cases and 

controls should otherwise meet the same inclusion criteria in the study. A case-control study 

design that exemplifies this methodological feature is by Chung and colleagues, who 

examined maternal cigarette smoking during pregnancy and the risk of newborns developing 

cleft lip/palate [1]. A salient feature of this study is the use of the 1996 U.S. Natality database, 

a population database, from which both cases and controls were selected. This database 

provides a large sample size to assess newborn development of cleft lip/palate (outcome), 

which has a reported incidence of 1 in 1000 live births [2], and also enabled the 

investigators to choose controls (i.e., healthy newborns) that were generalizable to the 

general population to strengthen the study's external validity. A significant relationship 

with maternal cigarette smoking and cleft lip/palate in the newborn was reported in this 

study (adjusted OR 1.34, 95% CI 1.36-1.76) [1].   

An example of a case-control investigation is by Zhang and colleagues who examined 

the association of environmental and genetic factors associated with rare congenital 

microtia [20], which has an estimated prevalence of 0.83 to 17.4 in 10,000 [13]. They 

selected 121 congenital microtia cases based on clinical phenotype, and 152 unaffected 

controls, matched by age and sex in the same hospital and same period. Controls were of 

Hans Chinese origin from Jiangsu, China, the same area from where the cases were 

selected. This allowed both the controls and cases to have the same genetic background, 

important to note given the investigated association between genetic factors and congenital 

microtia. To examine environmental factors, a questionnaire was administered to the 

mothers of both cases and controls. The authors concluded that adverse maternal health was 

among the main risk factors for congenital microtia, specifically maternal disease during 

pregnancy (OR 5.89, 95% CI 2.36-14.72), maternal toxicity exposure during pregnancy 

(OR 4.76, 95% CI 1.66-13.68), and resident area, such as living near industries associated 

with air pollution (OR 7.00, 95% CI 2.09-23.47) [20]. A case-control study design is most 

efficient for this investigation, given the rarity of the disease outcome. Because congenital 

microtia is thought to have multifactorial causes, an additional advantage of the case-control 

study design in this example is the ability to examine multiple exposures and risk factors.  

A case-control study of Teo et al. (2006) [14], with 27,089 participants (12,461 cases, 

14,637 controls), in 52 countries looked at the relation between risk of acute myocardial 

infarction (AMI) and current or former smoking, type of tobacco, amount smoked, effect 

of smokeless tobacco, and exposure to secondhand smoke (SHS). Current smoking was 

associated with a greater risk of non-fatal AMI odds ratio (OR=2.95, 95% CI 2.77-3.14, 

p<0.0001) compared with never smoking; risk increased by 5.6% for every additional 

cigarette smoked. The OR associated with former smoking fell to 1.87 (95% CI 1.55-

2.24) within 3 years of quitting. A residual excess risk remained 20 or more years after 

quitting (1.22, 1.09-1.37). Exclusion of individuals exposed to SHS in the never smoker 

reference group raised the risk in former smokers by about 10%. Smoking beedies alone 

(indigenous to South Asia) was associated with increased risk (2.89, 2.11-3.96) similar to 
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that associated with cigarette smoking. Chewing tobacco alone was associated with OR 

2.23 (1.41-3.52), and smokers who also chewed tobacco had the highest increase in risk 

(4.09, 2.98-5.61). SHS was associated with a graded increase in risk related to exposure; 

OR was 1.24 (1.17-1.32) in individuals who were least exposed (1-7 h per week) and 

1.62 (1.45-1.81) in people who were most exposed (>21 h per week). Young male current 

smokers had the highest population attributable risk (58.3%; 95% CI 55.0-61.6) and older 

women the lowest (6.2%, 4.1-9.2). Population attributable risk for exposure to SHS for 

more than 1 h per week in never smokers was 15.4% (12.1-19.3).  

Another important example of environmental research, especially regarding exposure 

data obtaining issues, is a case-control study among female residents of Long Island, New 

York, examined the possible association between exposure to electromagnetic fields 

(EMFs) and breast cancer [12]. Subjects were those who were younger than 75 years of age, 

who lived in the study area for 15 years or longer, and were identified between August 1, 

1996, and June 20, 1997. Cases (n=576) consisted of women diagnosed with in situ or 

invasive breast cancer. Controls (n=585) were selected from the same community by random 

digit dialing procedures. In-home data collection included various spot and 24-hour EMF 

measurements, ground-current magnetic field measurements, wire mapping of overhead 

power lines servicing the home, and an interview. Odds ratios and 95% confidence intervals 

were based on multivariate logistic regression analyses. All odds ratios were close to 1 and 

non-significant. For the highest quartile of 24-hour EMF measurements, the odds ratio was 

0.97 (95% confidence interval (CI): 0.69, 1.37) in the bedroom and 1.09 (95% CI: 0.78, 

1.51) in the most lived-in room. For the highest exposure category of ground-current 

measurements, the odds ratio was 1.13 (95% CI: 0.88, 1.44) in the bedroom and 1.08 (95% 

CI: 0.85, 1.38) in the most lived-in room. These and other EBCLIS results agree with other 

recent reports of no association between breast cancer and residential EMF exposures. 

Case-control studies have played a vital role in the development of many fruitful lines 

of study. For example, the relationship of cigarette smoking to lung cancer was demonstrated 

in case-control studies before any cohort studies of this question were carried out [3]. Because 

of their relatively low cost, case-control studies should often be the first approach to testing of 

a hypothesis. They provide an excellent way to investigate whether any of several exposures 

is associated with a particular disease. This feature may facilitate an exploratory study 

(sometimes referred to as a “fishing expedition”) to find clues and leads for further study [7]. 

For example, Doll and Hill's study in 1950 [3], has come to be viewed as a model of the case-

control investigation. Notification of cancer cases (lung, colon, stomach, rectum) were 

received from 20 London hospitals. Each case was interviewed by a social worker who was 

also “instructed to interview a patient of the same sex, within the same five-year age group, 

and in the same hospital at or about the same time” who did not have cancer. Attention was 

paid to the duration of smoking, to histories of starting and stopping smoking, and to the 

amount smoked. This study devised the convention of setting the lower threshold for lifetime 

smoking at one cigarette per day for a year. A six-month re-interview of a subset of subjects 

showed remarkable consistency in self-reported smoking histories. Contrast were made 

between cases of lung cancer and matched controls in overall smoking, in amount smoked 

most recently, in maximum ever smoked, in age of onset of smoking and in duration of 

smoking. Pipe smoking was shown to have a weaker relationship to lung cancer than cigarette 

smoking. Stratified analyses were used to deal with potential confounders, including 

urban/rural residence, cancer diagnosis of controls and potential interviewer bias. Unlike 

any other case-control study of the period, Doll and Hill used the distribution of smoking 
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in lung cancer patients to develop “ratios” for lung cancer risk in London smokers, assuming a 

smoking distribution that paralleled that of the control population. This yielded estimates of 

relative risk for lung cancer from smoking 10, 20 and 60 cigarettes per day of 19, 26 and 65; 

odds ratios were not calculated.  

Another cost-saving application is the nested case-control study. Nested case-control 

studies within retrospective cohorts have come to be an important tool of epidemiologists, 

as in Thériault et al.’s study of the occupational hazards of leukemia and brain cancer 

associated with exposure to 60 Hz electromagnetic fields produced by the passage of 

electricity [15]. Investigators carried out a cohort study of 223 000 men employed by 

Electricité de France-Gaz de France, Ontario Hydro, and Hydro-Québec, who were 

observed during the period 1970 to 1989. Cases of cancer were ascertained in France from 

company medical records during employment. In Canada they were ascertained by 

matching the names of employees with the records of local cancer registries and, in Quebec, 

from company medical records and death certificates. Over 4000 men were identified as 

having developed cancer. To compare with them, controls were selected randomly from 

members of the whole population matched for the same utility, year of birth, and alive on 

the date the affected employee developed cancer: four for each man with one of the cancers 

of special interest (defined in this study as any haematopoetic cancer, brain cancer, or 

melanoma) and one for each man with a cancer of another type. Full occupational histories 

were built up for all members of both groups from company records. Measurements of the 

fields to which a sample of over 2 000 men currently employed were exposed were then 

made by means of personal dosimeters worn throughout a five-day week and jobs with 

similar mean exposures were collapsed into between 32 and 65 occupational groups, the 

number of groups varying between the different utilities. Allowance was made for procedural 

and power changes over the period of the men’s exposures and each man’s exposure was 

expressed in “µ T years” by multiplying the mean exposure in each occupational group by the 

time spent in it. Odds ratios, adjusted for socio-economic status, were then calculated for 31 

cancer types for men with exposures equal to or above the median and exposures equal to or 

above the 90th percentile in comparison with men whose exposures were less than the 

median. Only three of the cancers showed statistically significant excesses in one or other of 

the more heavily exposed groups: those for acute non-lymphoid leukemia, acute myeloid 

leukemia, and astrocytoma. Though not conclusive, these findings greatly strengthen belief 

in the idea that 60 Hz electromagnetic fields may cause occupational hazards of these two 

diseases. It was a major task to compute the occupational exposures of the 11000 men 

selected for a nested case-control study and it would have been quite impracticable, at the 

same level of detail, to have done so for 20 times as many men, which a simple cohort 

study would have required. 

In Michigan, a case-control study was conducted to explore the role of environmental 

factors in the development of amyotrophic lateral sclerosis (ALS) [19]. Sixty-six cases 

and 66 age- and gender-matched controls were recruited. Detailed information regarding 

residence history, occupational history, smoking, physical activity, and other factors was 

obtained using questionnaires. The association of ALS with potential risk factors, including 

smoking, physical activity and chemical exposure, was investigated using conditional 

logistic regression models. As compared to controls, a greater number of our randomly 

selected ALS patients reported exposure to fertilizers to treat private yards and gardens and 

occupational exposure to pesticides in the last 30 years than our randomly selected control 

cases. Smoking, occupational exposures to metals, dust/fibers/fumes/gas and radiation, and 
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physical activity were not associated with ALS when comparing the randomly selected 

ALS patients to the control subjects. To further explore and confirm results, exposures over 

several time frames, including 0–10 and 10–30 years earlier, were considered, and analyses 

were stratified by age and gender. Pesticide and fertilizer exposure were both significantly 

associated with ALS in the randomly selected ALS patients. While study results need to be 

interpreted cautiously given the small sample size and the lack of direct exposure measures, 

these results suggest that environmental and particularly residential exposure factors warrant 

close attention in studies examining risk factors of ALS. Case-control studies assessing 

environmental risk factors in ALS are pursued due to low cost, efficiency, disease latency, and 

tendency to affect older individuals [6,10].  

4. CONCLUSION 

Case-control studies are usually the most readily and cheaply carried out of all analytic 

epidemiologic studies. Many examples illustrate the value of the case-control study. For 

rare diseases they may be the only practical approach. It is a relatively rapid and reliable 

method of establishing evidence of an association between an exposure to a risk (or 

protective) factor and an unfavorable (or favorable) outcome. It can study several possible 

causes or exposures to risk simultaneously. It does not require study of large numbers- 

usually requires only a few cases. It is an excellent way to study diseases with long latency. 

It can often make use of existing records. It is obvious that case-control studies have played 

a vital role in the development of many fruitful lines of study. 

Case-control study has made, and will continue to make, important contributions to 

the environmental health field. Case-control studies assessing environmental risk factors 

are pursued due to low cost, efficiency, disease latency, etc. Weaknesses do not negate 

strengths of the case-control design. Many examples illustrate the value of the case-control 

study as investigative approach in assessing environmental exposures and health outcomes. 

Recognizing that well-designed case-control studies can provide valid results is important, 

so that investigators can both critically appraise and appropriately design case-control 

studies to address important environmental research questions. 
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ANAMNESTČKA STUDIJA KAO METOD  

ZA SAGLEDAVANJE IZLOŽENOSTI U ŽIVOTNOJ SREDINI 

I ZDRAVSTVENIH ISHODA 

Anamnestičke studije su doprinele, i nastaviće da daju značajan doprinos istraživanju u oblasti 

zaštite zdravlja i izloženosti noksama u životnoj sredini. Ove studije se često koriste, pre svega za 

testiranje etioloških hipoteza. Cij rada je bio da sagleda karakteristike dizajna anamnestičke studije, i 

razmotri metodološke principe na primerima izloženosti u životnoj i radnoj sredini i zdravstvenih 

ishoda. Uprkos nedostacima, mnogobrojni primeri iz literature ukazuju na značaj ovog istraživačkog 

dizajna, pre svega zbog efikasnosti, mogućnosti da istražuje uticaj brojnih faktora na određeni 

poremećaj zdravlja, zbog angažovanja relativno malog broja ispitanika i sredstava, mogućnosti da 

istraži poremećaji zdravlja sa niskom učestalošću kao i onih s dugim latentnim periodom. 

Ključne reči: anamnestička studija, izloženosti u životnoj sredini, zdravstveni ishodi 


