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 Background: Population Attributable Fraction (PAF) is one of the most practical measures for 
estimating the burden of risk factors with some challenges in its calculation. Cardiovascular 
disease (CVD) is the first cause of death worldwide and the estimation of accurate PAFs for 
CVD risk factors is of great importance in conducting preventive strategies. Our aim was to 
estimate the PAFs of CVD risk factors via direct, i.e. based on regression models, and indirect, 
i.e. using related equations, methods.  

Methods: Participants (3200 males and 4245 females aged ≥30 yr) without history of CVD were 
selected from the population-based cohort of Tehran Lipid and Glucose Study (TLGS). Hazard 
ratio (HR) and Odds ratio (OR) of conventional risk factors were calculated for CVD events after 
ten yr of follow-up. Levin’s and Miettinen’s equations were applied to indirectly estimate the 
PAFs and average PAF was directly derived from logistic regression model. 

Results: The sum of PAFs resulted from indirect estimations reached to more than 100% 
(around 200% and 150% based on Levin’s and Miettinen’s formula respectively). The direct 
estimation attributed 80% and 86% of burden of CVD events to conventional risk factors in men 
and women respectively. The rank and pattern of PAFs of risk factors was somehow different 
among different methods. 

Conclusions: Estimating priorities of risk factors may differ in different methods for calculating 
PAF. This study provides evidence on the more expediency of direct method over indirect ways 
when individual data is available through a population-based cohort. 
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Introduction 

roportion of incidence of a disease in a general 

population attributed to a specific risk factor is 

defined as population attributable fraction (PAF) of 

that risk factor
1
. This proportion of incidence would 

not occur if the factor were eliminated. By merging 

the power of risk factor, i.e. its relative risk, with its 

prevalence, PAF provides an estimation of the relation 

between risk factor and incidence of diseases at the 

community level
2-4

. Due to the existing methodological 

challenges, PAF has been less applied as a common public 

health measure to date; because, most of the approaches that 

have been declared for the calculation of PAF may yield 

unacceptable results. For instance, they may yield a more 

than 100% sum of all existing PAFs, which is implausible
5
. 

Accordingly, the need for novel approaches of calculating 

PAF has been addressed in some recent studies
1, 2

.    

In Iran, CVD is the first cause of death and the burden 

attributed to the CVD has been ranked third among the 

national rankings of the diseases burden
6-8

. PAFs may aid 

policy makers in anticipating the potential impact of 

preventive strategies that target certain risk factors at the 

community level
9
; thus ranking the importance of risk factors 

based on their PAFs is a key point that may be influenced by 

applying different methods in calculation of PAF. In the 

current study, we estimated the PAFs based on indirect 

methods and a direct method using logistic regression, and 

ranked the importance of risk factors according to their 

prevalence, relative risk and their PAFs resulted from 

different methods.  

This study was carried out in the framework of the Tehran 

Lipid and Glucose Study (TLGS), which is a population, 

based prospective cohort study 
10, 11

. 

P 
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Methods 

Participants 

TLGS as a population based cohort initiated at 1999-

2001
10

.TLGS consists of two phases: the first phase of the 

TLGS was a cross-sectional study that assessed the 

prevalence of non-communicable diseases and the respective 

risk factors among participants. In the second longitudinal 

phase, the incidence of non-communicable diseases and their 

risk factors are evaluated. The detail of TLGS and its 

cardiovascular outcomes has been described elsewhere
10,12,13

. 

Totally, 7445 (3200 males) participants aged more than 

30 yr and without history of CVD in phase I were considered 

for measurement of prevalence of risk factors; 6630 subjects 

with at least one year of follow-up (median of follow up = 

9.14 yr) entered to Cox regression model to calculate HRs; 

finally 5868 participants with complete follow-up, up to Mar 

2009, at a range of 8-10 yr, were enrolled for calculation of 

ORs and PAFs through logistic regression model. 

All subjects provided informed consent before 

participation. The study was approved by ethics Committee 

of the university. 

Data collection 

Data regarding demographics, physical examination and 

the laboratory assessments were collected in the phase I of 

the TLGS
10

. Follow-ups were performed annually through 

making phone calls. Additionally, non-communicable health 

condition events that resulted in hospitalization or death were 

recorded and related data were collected by a trained 

physician using hospital records or if needed a home visit; 

these data were assessed in terms of clinical diagnosis by an 

outcome committee consisted of internist, cardiologist, 

endocrinologist, epidemiologist, the physician who collected 

the data, and other experts as needed
13

. In the current study, 

incident cases of coronary heart diseases, i.e. myocardial 

infarction (MI), unstable angina pectoris, and angiography 

proven CHD and CHD death, and cerebrovascular accidents 

were recorded as the CVD events.  

Exposure status was defined through dichotomized risk 

factors according to world and national cut pointes
12, 14

 

including: Hypertension, systolic blood pressure ≥140 mmHg 

or diastolic blood pressure ≥90mmHg and/or 

antihypertensive medication; hypercholesterolemia, 

cholesterol ≥240 mg/dl or anti-hyperlipidemia medication; 

diabetes, fasting plasma glucose ≥126 mg/dl or 2-h post 

challenge plasma glucose ≥200 mg/dl and/or anti-diabetic 

medication; general obesity, BMI≥30; central obesity, 

waist/hip ratio ≥0.95 for mail and ≥0.90 for female; physical 

inactivity, rigorous physical activity less than one time a 

weak; tobacco use, past or current usage of any kind of 

tobacco; premature family history of CVD, myocardial 

infarction, stork or sudden death in male first-degree relevant 

<55 yr and in female first-degree relevant < 65; high risk age, 

male ≥45 yr old and female≥55  yr old. 

Data analysis 

For indirect estimation of PAFs, two equations -Levin’s 

and Miettinen’s equations- were applied
3
. Accordingly, we 

used the prevalence of CVD risk factors among all subjects 

and subjects with CVD event for Levin’s and Meittinen’s 

equations, respectively. Crude ORs and HRs were estimated 

for calculation of PAFs by Levin’s and adjusted ORs and 

HRs for calculation of PAFs by Miettinen’s equation; OR 

based on logistic regression among individuals with complete 

follow-up and HR based on Cox proportional hazard model 

among participants with at least 1 year follow-up. In 

calculating PAF, we selected conventional risk factors of 

CVD based on reference
14

: hypertension, 

hypercholesterolemia, diabetes, general obesity, central 

obesity, tobacco use, physical inactivity, high-risk age, family 

history of premature CVD. However, physical activity and 

general obesity were excluded from final analysis because 

they did not show any direct effect on CVD beyond their 

effect through other risk factors; thus considering them for 

PAF was nonsense. Smoking did not show any significant 

effect on CVD in women because it has very low prevalence, 

so it was excluded from PAF analysis. 

Levin’s equation is depicted as below: 

( )      
  (         )

    (         )
 

As,    is the prevalence of risk factor in the study 

population and         is the crude relative risk of that risk 

factor and Miettinen’s equation as given below: 

( )        (
       

     

) 

As,    is the prevalence of risk factor among incident 

CVD cases and       is the adjusted relative risk of that risk 

factor. 

Direct PAF calculation means obtaining PAFs directly 

from individuals’ data using logistic regression. The idea of 

direct attributable fraction based on logistic regression was 

introduced by Bruzziet al.
15

 and developed by Eide and 

Gefeller using sequential and average attributable fraction
16

. 

This idea was used practically by Rückinger et al.
2
.  

In this regard, it is necessary to consider each risk factor 

dichotomously. Then irrespective of real exposure for each 

individual, that factor is removed from the population by 

coding all observations as unexposed. The predicted 

probability of CVD event for each individual, with the 

assumption that there was no exposure to a certain risk factor, 

is: 

( )      
 

        (           )
 

As,    is representative of predicted probability of CVD 

event in individual number k, assuming no exposure to a 

specific risk factor (  );    indicates the regression coefficient 

of risk factors(  ), except risk factor number i(  ). 

Subsequently, the sum of all predicted probabilities for all 

individuals in the sample would be equal to the adjusted 

estimate of total CVD events, which is anticipated in the 

absence of that specific risk factor (  ). Afterward, PAF was 

estimated by subtraction of total predicted CVD events from 

total observed CVD events, divided by the number of total 

observed CVD events: 

( )      
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As,        is the total number of CVD events in the 

sample and         is the predicted number of CVD events 

assuming absence of that specific risk factor. 

Indirect methods do not consider the sequence in which 

variables influence each other. Therefore, individual PAFs 

can sum to more than 100% because it is assumed each risk 

factor is the first to be eliminated and there is no association 

between the risk factors 
5
.The dependence on the removal 

sequence can be addressed by calculating sequential PAF. 

The sequential PAF is based on successively removing each 

exposure from the analysis. This approach depends on the 

sequence of the exposures removal. The average PAF is an 

average of the attributable fractions over all the sequences for 

any risk factor. By removing risk factors in every possible 

order and using the average over all obtained PAFs, the 

estimation does not depend on the order sequence anymore 
2
. 

Calculations in direct method were done via the Macro 

recommended by Rückinger et al. 
2
 through the STATA 

software. 

Considering the difference between males and females 

regarding prevalence of risk factors and their relative risk, all 

analyses were applied separately by gender. 

Results 

Baseline characteristic is shown in Table 1. Mean value 

(SD) of age was 46.3 (11.52) and 47.9 (12.81) in males and 

females respectively. Prevalence of all risk factors 

significantly varied by gender, except general obesity and 

physical inactivity; smoking was more prevalent in men than 

in women and other risk factors were more prevalent in 

women.  

Table 1: The prevalence of cardiovascular diseases (CVD) risk factors in study population at baseline using chi-square test 

Risk factors 

Total population Subjects with CVD events a 

Male 

(n=3200) 

Female 

(n= 4245) P value 

Male 

(n= 320) 

Female 

(n= 238) P value 

Hypertension 882 (25.7) 1278 (30.1) 0.005 184 (57.4) 162 (67.9) 0.019 

Hypercholesterolemia 720 (22.5) 1409 (33.2) 0.005 98 (30.5) 123 (51.7) 0.005 

Diabetes 461 (14.4) 675 (15.9) 0.067 101 (31.7) 83 (35.0) 0.480 

General obesity 496 (15.5) 1494 (35.2) 0.005 50 (15.7) 94 (39.7) 0.005 

Central obesity 1062 (33.2) 1439 (33.9) 0.490 115 (35.8) 81 (34.1) 0.690 

Smoking 1507 (47.1) 323 (7.6) 0.005 179 (56.0) 24 (9.9) 0.005 

Physical inactivity 2099 (65.6) 2670 (62.9) 0.014 246 (76.8) 172 (72.2) 0.250 

High risk age 1763 (55.1) 1214 (28.6) 0.005 289 (90.4) 164 (68.8) 0.005 

Family History of Premature CVD 467 (14.6) 794 (18.7) 0.005 74 (23.2) 67 (28.2) 0.207 
a Prevalence in total population and in subjects with CVD was used by Levin's and Mittinen's formula respectively 

Totally, 320 men and 238 women experienced CVD 

during the study period. Table 2 shows the OR and HR for 

each risk factor indicating negligible differences between 

these effect measures. Table 3 shows the PAFs resulted from 

different methods. The results of indirect methods are 

reported based on using HR. The results obtained by 

Miettinen’s equation were lower than that by Levin’s 

formula; however, the sums of PAFs calculated via both 

equations were more than 100% (around 200% for Levin and 

150% for Miettinen). Direct method yielded to a cumulative 

PAF of 86% and 80% in males and females respectively. 

Table 2: Crude and adjusted measures of odds ratio (OR) and hazard ratio (HR) for cardiovascular diseases (CVD) risk factors  

Risk Factor 

Crude OR 

(95% CI) 

Adjusted OR 

(95% CI) a 

Crude HR 

(95% CI) 

Adjusted HR 

(95% CI) 

Males     

Hypertension 3.55 (2.75, 4.58) 2.13 (1.60, 2.85) 3.42 (2.74 ,4.27) 2.12 (1.66, 2.70) 

Hypercholesterolemia  2.11 (1.62, 2.75) 1.75 (1.31, 2.35) 2.02 (1.60, 2.55) 1.64 (1.29, 2.08) 

Diabetes 4.28 (3.20, 5.73) 2.35 (1.69, 3.25) 3.82 (2.99, 4.87) 2.11 (1.62, 2.74) 

General obesity 1.36 (0.99, 1.87) 0.80 (0.55, 1.16) 1.31 (0.99, 1.73) 0.79 (0.58, 1.09) 

Central obesity 2.55 (1.99, 3.29) 1.48 (1.11, 1.97) 2.41 (1.93, 3.02) 1.48 (1.14, 1.91) 

Smoking  1.48 (1.16, 1.89) 1.88 (1.43 2.48) 1.49 (1.19, 1.86) 1.75 (1.39, 2.21) 

Physical inactivity b 1.05 (0.81, 1.36) Not included 1.49 (1.19, 1.86) Not included 

High risk age 5.75 (4.14, 7.98) 4.0 (2.78, 5.76) 5.39 (3.99, 7.29) 3.64 (2.61, 5.08) 

Family history of premature CVD 1.38 (1.01, 1.91) 1.75 (1.22, 2.52) 1.36 (1.02, 1.81) 1.65 (1.23, 2.21) 

Female     

Hypertension 5.35 (3.98, 7.20) 2.54 (1.81, 3.55) 5.25 (4.0, 6.88) 2.42 (1.78, 3.29) 

Hypercholesterolemia 2.68 (2.02, 3.56) 1.49 (1.08, 2.05) 2.60 (2.01, 3.36) 1.34 (1.01, 1.76) 

Diabetes 7.38 (5.47, 9.95) 3.94 (2.83, 5.48) 6.03 (4.65, 7.83) 2.89 (2.18, 3.84) 

General obesity 1.48 (1.11, 1.98) 0.92 (0.67, 1.28) 1.49 (1.15, 1.94) 0.99 (0.75, 1.30) 

Central obesity 3.40 (2.54, 4.53) 1.59 (1.13, 2.23) 3.76 (2.88, 4.90) 1.77 (1.31, 2.40) 

Smokingb 1.28 (0.75, 2.17) Not included 1.27 (0.78, 2.05) Not included 

Physical inactivity 1.16 (0.86, 1.56) Not included 1.24 (0.95, 1.64) Not included 

High risk age 5.39 (4.04 ,7.21) 2.38 (1.68, 3.37) 5.85 (4.48, 7.62) 2.46 (1.80, 3.36) 

Family history of premature CVD  1.94 (1.42, 2.66) 2.04 (1.43, 2.91) 1.79 (1.35, 2.38) 1.78 (1.33, 2.39) 
a Adjustment for other risk factors in the table. 

 

Concerning modifiable risk factors the results of direct 

estimation revealed that, smoking (14.2%), hypertension 

(11.7%), diabetes (7.3%), hypercholesterolemia (6.9%) and 

central obesity (5.9%) in males and hypertension (19.3%), 

diabetes (18.8%), central obesity (9.9%) and 

hypercholesterolemia (7.9%) in females, had the highest rank 
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of PAFs respectively (Table 3). This rank and the pattern of 

vigor of PAFs varied based on indirect methods in both 

genders (Figure 1). 

Figure 2 shows the priority of modifiable risk factors 

based on their PAF, prevalence and adjusted HR in men and 

women respectively. 

Table 3: Population attributable fraction (PAF) of cardiovascular diseases (CVD) risk factors, calculated by Levin’s equation (using unadjusted hazard ratios 

in Cox regression), Miettinen’s equation (using adjusted hazard ratios in Cox regression) and direct estimation 

Risk Factors Levin’s PAF (%) Miettinen’s PAF (%) Direct estimate PAF (%) 

Male    

Hypertension 35.7 30.5 11.7 

Hypercholesterolemia 18.2 11.9 6.9 

Diabetes 26.4 16.7 7.3 

Central obesity 31.9 11.5 5.9 

Smoking 18.5 24.0 14.2 

High risk age (≥45 yr) 70.7 65.6 36.1 

Family history of premature CVD 4.8 9.1 3.9 

Sum for modifiable risk factors 100.7 94.7 46.0 

Sum for all risk factors 176.2 169.2 86.0 

Female    

Hypertension 54.1 39.8 19.3 

Hypercholesterolemia 33.9 13.1 7.9 

Diabetes 42.5 22.9 18.8 

Central obesity 48.3 14.8 9.9 

Smoking Not assessed Not assessed Not assessed 

High risk age (≥55 yr) 58.1 40.8 16.6 

Family history of premature CVD 12.6 12.3 7.6 

Sum for modifiable risk factors 178.8 90.6 55.9 

Sum for all risk factors 249.5 143.7 80.1 

 

 
Figure 1: The rank of population attributable fractions (PAFs) of CVD 

risk factors calculated by using different methods, by sex 

 

 
Figure 2: Ranking of modifiable CVD risk factors according to their 

prevalence (at baseline), adjusted hazard ratio and direct estimated 

population attributable fraction (PAF), by sex 

Discussion

In the current study, the PAFs of CVD risk factors were 

calculated based on different methods in a population-based 

cohort of a Persian community. In this regard, the prevalence 

rates, ORs and HRs of risk factors were determined and 

applied to derive PAFs via indirect methods and the direct 

average PAF was calculated based on regression model as 
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well. According to our results from the direct method, 86% 

and 80% of all CVD events could be attributed to the known 

risk factors in Tehranian males and females, respectively; 

however the sum of PAFs resulted from indirect methods 

exceeds 100% and the rank and pattern of PAFs changed.Our 

results indicated that the use of direct method could resolve 

the common problem of “sum of PAFs ≥ 100%” which 

yielded by using Levin’s and Miettinen’s equations
 2

. The 

major limitation of Levin’s equation is that the confounding 

effect of other risk factors is ignored and the risk factors are 

presumed to be independent of each other 
5
. Using the 

adjusted ratios in Miettinen’s equation resolves the 

confounding problem; however, some other problems are 

remained, including interaction between risk factors and the 

fact that the frequencies of risk factors would not be constant 

after removing a certain risk factor from the community
1
. 

Direct method leads us to results that are more reasonable 

because all risk factors are intended together and the 

sequence of risk factors elimination is considered as well. 

Consequently, the confounding effect of other risk factors is 

controlled and because any effect of risk factor is considered 

with and without the presence of others, the modification 

effect of other risk factors could be addressed as well.  

The rank and pattern of PAFs regarding their magnitude 

were different among three methods. For instance, in men, 

based on the Levin’s, central obesity is the 3
rd

 rank but based 

on direct method and the Miettinen’s it is the 6
th

 one; this 

could be due to unadjusted effect of central obesity in Levin’s 

formula. On the other hand, hypertension had the second rank 

according to the Levin’s and Miettinen’s but this rank was 

related to smoking in direct method; this could be explained 

by the sequence of removing of exposures from the 

community. If there was no interaction among risk factors, 

the sum of PAFs would not be above 100% by using adjusted 

RRs; consequently, the Miettinen's formula and direct 

method would lead to same results, however differences 

between these two methods in our analysis showed that there 

may be some interactions among risk factors. These 

interactions could be 2-way, 3-way, 4-way or more that are 

so hard to check. 

To date, the direct method for the estimation of PAF has 

not been frequently applied. In a similar study performed in 

Germany, highest PAFs were reported for age>60 years, 

hypertension, smoking, hypercholesterolemia, male gender, 

low High Density Lipoprotein (HDL) and diabetes, 

respectively
2
. Since that, the results were not separately 

calculated for males and females, the rankings of PAFs could 

not be compared with our study. Age is a surrogate of some 

unmeasured risk factors accumulate during the life e.g. air 

pollution, mental stress or oxidative exposures, thus it could 

explain a wide range of burden of CVD especially in men. In 

general, 46% and 56% of all CVD events were attributed to 

modifiable risk factors among our men and women 

respectively. It means that controlling the known 

conventional risk factors could prevent about half of burden 

of CVD in our population. It is noteworthy that comparing 

the results of studies reported the PAFs among different 

nations faces multiple limitations: varying age and sex 

distribution of the target populations, application of different 

definition of risk factors, different set of risk factors and 

confounders under consideration, and finally different 

methods for the calculation of PAFs. 

Finally we compared the priority of risk factors regarding 

their prevalence, relative risk (according to adjusted HR) and 

PAF (according to direct method) (Figure 2) and as it was 

expected, the priorities differed based on these 

measurements. Regarding causality, the most important risk 

factors in men were hypertension and diabetes, while 

concerning prevention in community level; smoking was the 

first priority because of its high prevalence in male 

population. It shows that PAF as a surrogate of relative risk 

and prevalence could be a useful effect measures at 

community level if it is calculated in a valid way. 

The main limitations of using direct method in calculation 

of PAF is that it cannot be estimated by using survival 

models. However, it was of strength of our study that 

completely followed up 80% of participants and HRs did not 

noticeably differ from ORs. On the other hand, the estimated 

PAFs provide a somewhat theoretical concept on the 

attribution of risk factors to the outcome of interest. In fact, 

total elimination of risk factors by conducting preventive 

strategies in the community level is practically impossible 

and the direct methods should be developed to consider more 

practical indices like Potential Impact Fraction (PIF) instead 

of PAF
9,1

. PIF defined as the fractional reduction of a disease 

resulting from changing the current level of a risk factor to 

other modified levels, not necessarily to the not-exposed level 

that consider in PAF; because lowering the level of risk 

factors, especially by using community-based interventions is 

not hundred percent effective
18

. For instance, Karami et al. 

applied the PIF of diabetes to update the burden of CVDs in 

Iran by a feasible minimizing risk
8
. However, PAF is the 

common used and appropriate tool for priority setting in 

reducing incidence of diseases, as previously applied for 

CHD and CVD in the TLGS 
19, 20

. However, in interpreting 

and using of this measure, this point must be considered. 

As a limitation of our study, we considered individuals 

who take medication for hypertension as high risk and 

hypertensive subjects. In our population, thirty-six percent of 

individuals with hypertension are using antihypertensive 

medication and of these about 40% have normal blood 

pressure i.e. lower than 15% of hypertensive patients 
21

. 

Thus, because many hypertensive patients who take medicine 

do not have a controlled hypertension, we preferred not to 

consider them as normal subjects. On the other hand, 

reanalyzing the data considering them as normal subjects 

showed lower OR and PAF for hypertension. There was the 

same pattern for hypercholesterolemia and diabetes (data 

available on request). These points show the importance of 

those who take medicine but are still at risk. 

When the sum of PAFs exceeds 100%, the PAF belongs 

to any risk factor does not show an actual amount of outcome 

which could be prevented by eliminating that risk factor. 

Accordingly, from theoretical point of view, it is clear that 

the direct method, based on actual data, is better than indirect 

methods in terms of controlling confounding and estimating 

cumulative PAF less than 100%; consequently, we reflected a 

preference for direct method and using averaged PAF. 

However, we do not know the truth and the results from 

actual data are not the grounds of the superiority of the direct 

method. The authors think that the truth will come from 

randomized controlled trials by controlling risk factors 

sequentially over all the sequences for any risk factor, but 

believe that in reality, it is about impossible to achieve. 
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Conclusions 

This study provides evidence on the more expediency of 

direct method over indirect ways –Levin’s and Miettinen’s 

equations- for the estimation of PAF when individual data is 

available through a population-based cohort. We showed that 

indirect and direct methods for calculating PAFs result in 

different rankings and patterns of PAFs and as a result 

indicate different priorities in policymaking and we should be 

aware of faults yielded from the routine indirect methods. 

Based on direct methods we found that controlling traditional 

modifiable risk factors could result in controlling 50% of 

burden of CVD in our population; this estimation could not 

be taken by using indirect methods because the sum of PAFs 

exceeds 100%. 
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