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Abstract 

Background:  Non-participation in cohort studies, if associated with both the exposure and occurrence of the event, 
can introduce bias in the estimates of interest. This study aims to identify factors associated with follow-up participa‑
tion in Tehran Lipid and Glucose Study, a large-scale community-based prospective study in West Asia.

Methods:  A sample of 10,368 adults from TLGS was included in the analysis. All analyses were split according to sex 
and age groups (20–39, 40–59, and 60 years). The associations between socio-demographic, health, and lifestyle fac‑
tors with response rate were identified using the Generalized Estimating Equations model.

Results:  Over the median of 15.7 years of follow up the response rate was 64.5%. The highest response rate was 
observed in those aged 40–59 years for both sexes. Current smokers had lower odds of response in both sexes for all 
age groups, ranging from 0.51 to 0.74, p < 0.01. In young adults, being single (OR = 0.79, OR = 0.57, p ≤ 0.01, respec‑
tively for men and women) and unemployed (OR = 0.73, OR = 0.76, p ≤ 0.01, respectively for men and women) in both 
sexes, high physical activity in men (OR = 0.77, p < 0.01), high education (OR = 0.75, p = 0.02) and obesity (OR = 0.85, 
p = 0.05) in women were associated with lower response rate. For the middle-aged group, diabetes in men (OR = 0.77, 
p = 0.05) and hypertension (OR = 0.84, p = 0.05), and having a history of cancer (OR = 0.43, p = 0.03) in women were 
factors associated with lower response rates. Finally, interventions for both sexes (OR = 0.75, OR = 0.77, p ≤ 0.05, 
respectively for men and women) and being divorced/widow in women (OR = 0.77, p = 0.05) were the factors associ‑
ated with the lower response rate in the elderly.

Conclusions:  Long-term participation was influenced by socio-demographic, health, and lifestyle factors in different 
sex- and age-specific patterns in TLGS. Recruitment strategies targeting these factors may improve participant follow-
up in longitudinal studies.
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Background
Non-communicable diseases (NCDs) – mainly cardio-
vascular disorders, cancers, chronic respiratory diseases, 
and type 2 diabetes – are the leading cause of death 
worldwide and are responsible for 73% of all global mor-
tality [1]. Based on a World Health Organization (WHO) 
report in the Middle East and North Africa (MENA) 
regions, NCDs were responsible for 74 percent of all 
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deaths in 2015 [2]. Existing evidence indicates that NCDs 
are among the significant health problems in Iran [3–5]. 
In Iran during 2019, 83.5% of all deaths and 78.1% of all 
burdens of diseases were due to NCDs [6]. Monitoring 
NCDs and related risk factors to prevent and control the 
burden of these diseases to promote population health in 
Iranian populations seems essential.

The cohort studies are the main research methods 
for understanding the etiology and prognosis of NCDs 
within populations by determining the causal effects of 
the environmental exposure factors that influence disease 
outbreaks. During the last decades, several valuable pop-
ulation-based cohort studies, including the Framingham 
[7], the Honolulu Heart [8], ARIC [9], CARDIA [10], and 
the CHS [11], have been established to investigate NCDs 
mainly in Western countries. To the best of our knowl-
edge, Tehran Lipid and Glucose Study (TLGS) is the first 
large-scale community-based prospective study in West 
Asia focused on monitoring NCDs and related risk fac-
tors and lifestyle intervention to prevent these disorders 
in an urban population in Iran [12].

In cohort studies, selection bias due to non-partic-
ipation or loss to follow-up represents a threat to the 
internal validity of results [13]. Evidence indicates that 
participation rates in cohort studies have decreased 
from 80% to 30–40% during the last two decades [14]. A 
large body of research revealed various reasons for non-
participation in scientific studies, including increasing 
the number of studies, declining in volunteerism in the 
societies, participating in studies with an issue which is 
particularly salient to the participants’ lives, more com-
plication in epidemiologic research involving survey 
assessments, biologic sampling, more complex consent 
procedures and frequently requests for ongoing follow-
up [15]. In terms of cohort studies, the role of partici-
pants’ sex, age, marital status, working status, level of 
education, smoking, obesity, hypertension, and history 
of cardiovascular disease on their participation have 
been previously indicated [16–22]. These studies typi-
cally examined associated factors with the involvement 
in the Western population. Data available showed demo-
graphics, ethnicity, geographical and cultural differences 
between Eastern and Western countries, leading to a dif-
ferent pattern of NCDs and consequently participation in 
these regions [23]. Little information is available on the 
factors influencing participation in Eastern societies, par-
ticularly in West Asia [24].

To the best of our knowledge, this study is the first 
effort that clarifies factors associated with non-partici-
pation in the TLGS study as a population study in West 
Asia. Findings of the current study regarding the primary 
participants’ characteristics could underlie non-partici-
pation in a prospective cohort in West Asia add value to 

the previous findings that emerged from similar studies 
conducted in Western societies. Our results would be 
beneficial for identifying subgroups who are more likely 
to refuse participation in the studies and improve reten-
tion strategies to minimize this disruption.

Methods
The protocol of the TLGS study was based on the WHO-
recommended model for field surveys of diabetes and 
other non-communicable diseases and the WHO-MON-
ICA protocol for population surveys [25, 26]. The design 
of this study encompasses two major components: phase 
1 is a cross-sectional study for determining the preva-
lence of NCDs and their risk factors; implemented from 
1999 to 2001, and phase 2 is a cohort and prospective 
interventional study, planned for the next 20  years. Pri-
mary, secondary and tertiary interventions were designed 
based on specific target groups, including schoolchildren, 
housewives, and high-risk persons. Officials of various 
sectors such as health, education, municipality, police, 
media, traders, and community leaders were actively 
engaged as decision-makers and collaborators. Interven-
tional strategies were based on lifestyle modifications in 
diet, smoking, and physical activity through face-to-face 
education. A detailed description of the methodology, 
rationale, and design of the TLGS study has been previ-
ously published [12].

Study population
A multistage stratified cluster random sampling tech-
nique was used to select people aged over three years 
from urban district 13 of Tehran, the capital of the 
Islamic Republic of Iran. Two important rationales for 
choosing district 13 were the high stability of the popu-
lation residing in that district compared to the other 
districts of Tehran, and the age distribution of the pop-
ulation was representative of the overall population 
of Tehran at the beginning of the study [12]. All fam-
ily members were invited in the cross-sectional phase 
1 for baseline measurements and were followed every 
three years in ongoing prospective follow-ups. A total of 
15,005 individuals aged ≥ 3 years, who agreed to partici-
pate in the study, were invited to the TLGS data-gather-
ing center, and after signing informed written consent, 
studied by trained physicians according to the relevant 
protocol. Demographic, clinical, and laboratory data 
were collected for these participants. Lifestyle interven-
tions were implemented on 5630 individuals in phase 2 
of the TLGS, and 9375 individuals served as controls. 
For the current study, 10,368 adults aged ≥ 20 years were 
included in the analysis, of which 3931 individuals were 
in the intervention group, and 6437 people were in the 
control group. All participants signed written informed 
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consent. The study was approved by the ethics committee 
of the Research Institute for Endocrine Sciences, Shahid 
Beheshti University of Medical Sciences.

Anthropometric and clinical assessments
All participants were asked to fast for 12 h overnight and 
to avoid smoking and heavy exercise in the morning before 
coming to the Lipid and Glucose Research Unit. Medical 
history, clinical examination, demographic, and lifestyle 
information were obtained using a standard and validated 
questionnaire from invited participants. Based on the 
TLGS measurement protocol [12], weight was measured 
using a digital scale while wearing minimum clothing and 
no shoes; height was measured without shoes, standing 
position with shoulders in normal alignment. Waist cir-
cumference was measured at the umbilical level without 
any pressure to the body surface and was recorded to the 
nearest 1  cm. After a 15-min rest in the sitting position, 
two systolic and diastolic blood pressure measurements 
were taken on the right arm, using a standardized mercury 
sphygmomanometer (calibrated by the Iranian Institute of 
Standards and Industrial Researches). The mean of the two 
measurements was considered as the participant’s blood 
pressure. A blood sample was taken between 7:00 and 9:00 
AM from all study participants, after 12 to 14 h of over-
night fasting. All blood analyses were carried out at the 
TLGS research laboratory on the day of the blood collec-
tion. Details of laboratory measurements, including fasting 
blood glucose levels, 2 h plusma glucose, and serum creati-
nine, have been reported previously [12].

Definition of terms
Baseline characteristics of participants, including age, 
sex, marital status, education level, occupation status, 
physical activity, smoking, general obesity, hypertension, 
diabetes, chronic kidney disease, history of cancer, car-
diovascular disease, and intervention status, were consid-
ered in the present study.

Marital status was defined as single, married, and 
divorce or widow. Education level was considered as 
illiterate or primary, secondary, and higher. Occupation 
status was defined as employed and unemployed. Physi-
cal activity was categorized as low or moderate activity 
and high activity. Smoking was defined as smoker and 
non-smoker. General obesity was determined as non-
obese (BMI < 30  kg/m2) and obese (BMI ≥ 30  kg/m2). 
Hypertension was defined as elevated blood pressure 
(≥ 140  mmHg systolic blood pressure or ≥ 90  mmHg 
diastolic blood pressure) or using antihypertensive 
medication. Diabetes was defined as fasting blood glu-
cose ≥ 126 mg/dl or 2-h serum glucose ≥ 200 mg/dl or 
medical treatment. Chronic kidney disease (CKD) was 

defined as structural or functional kidney damage or 
GFR < 60  ml/min/1.73 m2 present for more than three 
months according to the Kidney Disease Outcome 
Quality Initiative (K/DOQI) guidelines [27]. History of 
cardiovascular disease included coronary heart disease 
(myocardial infarction, history of heart surgery, angio-
plasty, and hospitalization in the coronary care unit) 
and cerebrovascular attack.

Response rate
The primary outcome of this study was response/par-
ticipation rates during the follow-up periods, which 
were calculated as those participating in each follow-
up examination divided by those eligible to participate 
in each follow-up. Those participants who experienced 
death before each follow-up period were not eligible for 
calculating the response rate and were removed from 
the denominator.

Statistical analysis
All analyses were split according to sex and age groups. 
Participants’ baseline characteristics were expressed 
as mean ± sd for continuous variables and frequency 
(percentages) for categorical variables. The number 
of participants, the cumulative number of dead peo-
ple, the number of eligible participants, and response 
rates were calculated for each follow-up examina-
tion. Response rates during follow-up examination 
were displayed graphically for sex and age groups and 
intervention and control groups. The age groups were 
defined as 20–39, 40–59, and 60  years and older. The 
association of responding at each follow-up with socio-
demographic, health, and lifestyle variables as well 
as with intervention status was analyzed in longitudi-
nal structure for each sex and age group. Generalized 
Estimating Equations (GEE) models with a binomial 
distribution and logit link function were used, and the 
working correlation matrix structure was considered 
AR(1). In GEE models, participation at each follow-up, 
defined as a binary outcome (yes or no), was considered 
the dependent variable, and participants’ baseline char-
acteristics were considered independent variables. This 
model examined which individual baseline characteris-
tics were associated with response rate during follow-
ups. For each sex and age group, odds ratios (ORs) of 
the response and their 95% confidence intervals (CIs) 
were calculated for the exposure variables using two 
sets of univariate and multiple-adjustment models. Sta-
tistical analysis was done using IBM SPSS Statistics 22, 
and p < 0.05 was considered the significance level.
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Results
In the current study, a total of 10,368 adults (57.6% 
women) with a mean age of 42.75 ± 15.0 participated at 
baseline, and 3931 (37.9%) of them have been consid-
ered as the intervention group. The distribution of socio-
demographic, health, and lifestyle characteristics of the 

study participants at baseline in total population and 
sex and age groups are presented in Table  1. Most par-
ticipants at baseline were illiterate or had a primary level 
of education, and they were married and unemployed. 
However, in all age groups, employed and high-educated 
people mainly were men compared to women. Also, 

Table 1  Baseline characteristics of study participants according to sex and age groups

Data were presented as frequency (%)

Variables Total
(n = 10,368)

Men
(n = 4395)

Women
(n = 5973)

Age groups 20–39
(n = 1999)

40–59
(n = 1468)

 ≥ 60
(n = 928)

20–39
(n = 2963)

40–59
(n = 2139)

 ≥ 60
(n = 871)

Groups
  Intervention 3931 (37.9) 721 (36.1) 541 (36.9) 388 (41.8) 1135 (38.3) 796 (37.2) 350 (40.2)

  Control 6437 (62.1) 1278 (63.9) 927 (63.1) 540 (58.2) 1828 (61.7) 1343 (62.8) 521 (59.8)

Education level
  Illiterate or primary 5264 (50.8) 514(25.7) 664(45.3) 749(80.7) 896(30.2) 1601(75.1) 840(96.7)

  Secondary 3829 (37.0) 1088(54.5) 518(35.4) 112(12.1) 1658(56.0) 430(20.2) 23(2.6)

  Higher 1260 (12.2) 395(19.8) 283(19.3) 67(7.2) 708(13.8) 101(4.7) 6(0.7)

Marital status
  Married 8271 (79.8) 1236(61.8) 1447(98.6) 905(97.5) 2260(76.3) 1888(88.3) 535(61.4)

  Single 1466 (14.1) 754(37.7) 12(0.8) 6(0.6) 658(22.2) 32(1.5) 4(0.5)

  Divorced or widowed 631(6.1) 9(0.5) 9(0.6) 17(1.8) 45(1.5) 219(10.2) 332(38.1)

Occupation status
  Unemployed 6622 (63.9) 357(17.9) 250(17.0) 646(69.7) 2542(85.8) 1960(91.7) 867(99.5)

  Employed 3738 (36.1) 1640(82.1) 1215(82.9) 281(30.3) 420(14.2) 178(8.3) 4(0.5)

Current smoking
  No 8806 (86.4) 1381 (70.8) 974 (67.6) 761 (83.3) 2835 (97.3) 2016 (95.5) 839 (97.8)

  Yes 1381 (13.6) 570 (29.2) 466 (32.4) 153 (16.7) 78 (2.7) 95 (4.5) 19 (2.2)

Physical activity
  Low or moderate 7716 (75.9) 1505 (77.5) 1144 (79.6) 707 (77.3) 2162 (74.3) 1527 (72.5) 671 (78.5)

  High 2450 (24.1) 438 (22.5) 293 (20.4) 208 (22.7) 748 (25.7) 579 (27.5) 184 (21.5)

CKD
  No 8167 (81.2) 1863(98.2) 1242(88.0) 563(61.7) 2753(95.4) 1438(68.5) 308(35.9)

  Yes 1896 (18.8) 34(1.8) 170(12.0) 349(38.3) 132(4.6) 660(31.5) 551(64.1)

Obesity
  No 7779 (77) 1705 (87.3) 1206 (83.6) 773 (85.1) 2334 (81.7) 1213 (57.8) 548 (64.7)

  Yes 2329 (23) 249 (12.7) 236 (16.4) 135 (14.9) 523 (18.3) 887 (42.2) 299 (35.3)

Hypertension
  No 7819 (77.1) 1783 (92.5) 1092 (76.2) 463(50.9) 2736(94.1) 1423(67.6) 322(37.6)

  Yes 2320 (22.9) 144(7.5) 341(23.8) 447(49.1) 171(5.9) 683(32.4) 534(62.4)

Diabetes
  No 8585 (88.1) 1811(97.8) 1176(85.3) 663(73.0) 2727(97.7) 1686(82.2) 552(68.0)

  Yes 1164 (11.9) 40(2.2) 203(14.7) 234(27.0) 63(2.3) 364(17.8) 260(32.0)

CVD history
  No 9844 (94.9) 1985(99.3) 1372(93.5) 765(82.4) 2947(99.5) 2038(95.3) 737(84.6)

  Yes 524 (5.1) 14(0.7) 96(6.5) 163(17.6) 16(0.5) 101(4.7) 134(15.4)

Cancer history
  No 10,324 (99.6) 1999(100) 1461(99.5) 922(99.4) 2957(99.8) 2123(99.3) 862(99.0)

  Yes 44 (0.4 0 7 (0.5) 6(0.6) 6(0.2) 16(0.7) 9(1.0)
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compared to women, the number of divorced or widowed 
male participants was less. Although the prevalence of 
smoking was increased in men compared to women in all 
age groups, the number of individuals who had moder-
ate to low physical activity was similar for both men and 
women. Furthermore, for both sexes, the prevalence of 
chronic diseases was higher in older individuals. In this 
regard, the older women were more likely to have HTN, 
CKD, type 2 diabetes, history of cancer, and obesity than 
men.

Table 2 shows the response rate and the number of peo-
ple who participated in each follow-up examination in 
this cohort study. Of the 10,368 people who participated 
at baseline, 894 (9%) participants experienced death until 
the last examination. The cumulative number of dead 
people at each follow-up examination has also been pre-
sented in Table 2. These participants were not eligible for 
calculating response rates at each examination and there-
fore removed from the denominator. The response rate in 
the first follow-up examination was 61.5% (6232/10136), 
and were 66.6% (6654/9995), 68.3% (6701/9810), 65.6% 
(6319/9611) and 60.4% (5725/9474) in the subsequent 
examinations.

Our results indicated that in male participants, indi-
viduals aged 40–59 or ≥ 60  years were more likely to 
be responsive than those aged 20–39  years (OR = 1.47, 
p < 0.001 and OR = 1.13, p = 0.010 respectively). In 
females, higher responsiveness was significant only in 
40–59  years compared to other age groups (OR = 1.48, 
p < 0.001) (Table 3).

Comparison of response rates in men and women 
aged < 60 years showed an increasing trend in the initial 
follow-up examinations and a decreasing trend during 
the final assessments. The results also showed a reducing 
trend in response rates of older men and women during 
all follow-up examinations (Fig. 1). Figure 2 illustrated sex 
and age-specific response rates during a follow-up exam-
ination for intervention and control groups. According 
to the current results, the participation rates of men and 
women in the intervention and control groups were simi-
lar in those aged < 60 years. However, elderly participants 
in the intervention group had a lower participation rate 
than their counterparts in the control group.

The univariate results of GEE models regarding age and 
sex specific associations of socio-demographic, health 
and lifestyle variables, and intervention status at baseline 
with responding rates at each follow-up were presented 
in Appendix Table 1.

Table  4 illustrated the sex and age-specific multiple 
associations of intervention status and socio-demo-
graphic, health, and lifestyle variables with participants’ 
response rates at each follow-up. As results indicated, 
for 20–39  years, men, singles, current smokers, and 
individuals with high physical activity were less likely to 
participate in the follow-up examinations (OR = 0.79, 
p = 0.01, and OR = 0.74, p < 0.01 and OR = 0.77, p < 0.01, 
respectively). In addition, employed younger men were 
more likely to participate in the follow-up examina-
tions (OR = 1.37, p = 0.006). The results for 20–39 years 
showed that high educated, singles, current smokers and 
women with obesity had a lower chance of responding 

Table 2  The response rate of study participants in each follow-up examination

1st follow up 
examination

2nd follow up 
examination

3rd follow up 
examination

4th follow up 
examination

5th follow up 
examination

Number of participants 6232 6654 6701 6319 5725

Cumulative number of individuals who 
experience death

232 373 558 757 894

Number of eligible participants 10,136 9995 9810 9611 9474

Response rate 61.5 66.6 68.3 65.6 60.4

Table 3  The Odds ratio of responsiveness for age groups and 
follow-up examinations in males and females participants: The 
GEE model results

a data are the Odds ratios and 95% confidence interval of responding in 
follow-up examinations
† p-values

Variable Male Female

Odds ratio
(95% CI)

p-value Odds ratio
(95% CI)

p-value

Age groups
  20–39 ref ref

  40–59 1.46 (1.31–1.64)a  < 0.01† 1.48 (1.35–1.63)  < 0.01

   ≥ 60 1.44 (1.25–1.66)  < 0.01 0.92 (0.80–1.04) 0.19

Examination
  1st examina‑

tion
ref ref

  2nd examina‑
tion

1.29 (1.21–1.38)  < 0.01 1.23 (1.17–1.29)  < 0.01

  3rd examina‑
tion

1.48 (1.38–1.58)  < 0.01 1.29 (1.22–1.36)  < 0.01

  4th examina‑
tion

1.31 (1.23–1.41)  < 0.01 1.15 (1.09–1.22)  < 0.01

  5th examina‑
tion

1.03 (0.96–1.11) 0.34 0.93 (0.88–0.99) 0.01
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Fig. 1  Sex-specific trends of response rates in different age groups; 20–39 years (solid line), 40–59 years (dotted line), and ≥ 60 years (dashed line). 
E1, E2, E3, E4, and E5 represent first to fifth follow up examinations, respectively

Fig. 2  Sex- and age-specific trends of response rates in intervention and control groups; Solid line and dotted line represent response rate trend 
respectively in intervention and control groups. E1, E2, E3, E4, and E5 represent first to fifth follow up examinations, respectively
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Table 4  The results of multiple-adjusted GEE models in men and women

a data are the Odds ratios and 95% confidence interval of responding in follow-up examinations. †p-values

Variables Men Women

Age groups 20–39 years 40–59 years  ≥ 60 years 20–39 years 40–59 years  ≥ 60 years

Groups

  Control ref ref ref ref ref ref

  Intervention 0.87a(0.74–1.01)
0.06†

1.04 (0.86–1.26)
0.69

0.75 (0.58–0.98)
0.03

0.92 (0.81–1.05)
0.21

1.06 (0.90–1.25)
0.47

0.77 (0.60–1.00)
0.05

Education level

  Illiterate or primary ref ref ref ref ref ref

  Secondary 1.01 (0.84–1.21)
0.92

0.89 (0.72–1.09)
0.24

1.20 (0.81–1.79)
0.37

0.91 (0.79–1.06)
0.24

0.92 (0.60–1.39)
0.69

0.73 (0.34–1.57)
0.42

  Higher 0.91 (0.72–1.13)
0.38

0.84 (0.65–1.08)
0.18

1.38 (0.85–2.26)
0.20

0.75 (0.60–0.95)
0.02

0.83 (0.67–1.02)
0.08

1.17 (0.35–3.90)
0.80

Marital status

  Married ref ref ref ref ref ref

  Single 0.79 (0.66–0.95)
0.01

0.59 (0.21–1.66)
0.31

0.57 (0.49–0.66)
 < 0.01

1.04 (0.51–2.11)
0.91

  Divorced or widowed 0.92 (0.33–2.60)
0.88

1.39 (0.41–4.68)
0.60

1.33 (0.44–4.03)
0.62

1.13 (0.72–1.78)
0.58

0.82 (0.63–1.06)
0.13

0.77 (0.59–1.00)
0.05

Occupation status

  Unemployed ref ref ref ref ref ref

  Employed 1.37 (1.09–1.71)
 < 0.01

0.97 (0.76–1.26)
0.85

1.08 (0.81–1.43)
0.59

1.32 (1.07–1.63)
0.01

0.90 (0.65–1.25)
0.54

0.20 (0.03–1.35)
0.10

Current smoking

  No ref ref ref ref ref ref

  Yes 0.74 (0.63–0.88)
 < 0.01

0.62 (0.51–0.76)
 < 0.01

0.58 (0.41–0.83)
 < 0.01

0.54 (0.37–0.79)
 < 0.01

0.54 (0.38–0.76)
 < 0.01

0.66 (0.26–1.65)
0.37

Physical activity

  Low or moderate ref ref ref ref ref ref

  High 0.77 (0.64–0.91)
 < 0.01

0.92 (0.74–1.15)
0.47

0.99 (0.73–1.33)
0.93

1.07 (0.93–1.23)
0.38

1.00 (0.84–1.20)
0.98

1.35 (0.99–1.83)
0.06

CKD

  No ref ref ref ref ref ref

  Yes 0.69 (0.38–1.25)
0.22

1.03 (0.77–1.38)
0.83

0.84 (0.64–1.09)
0.19

1.01 (0.74-1.37)
0.95

1.01 (0.85–1.21)
0.88

1.00 (0.77–1.31)
0.98

Obesity

  No ref ref ref ref ref ref

  Yes 0.99 (0.78–1.25)
0.92

1.15 (0.90–1.48)
0.27

1.20 (0.83–1.73)
0.33

0.85 (0.71–1.00)
0.05

0.91 (0.77–1.07)
0.24

1.11 (0.86–1.45)
0.42

Hypertension

  No ref ref ref ref ref ref

  Yes 1.03 (0.76–1.38)
0.87

1.15 (0.92–1.45)
0.23

0.83 (0.63–1.10)
0.20

0.93 (0.70–1.23)
0.61

0.84 (0.71–1.01)
0.05

1.03 (0.79–1.34)
0.85

Diabetes

  No ref ref ref ref ref ref

  Yes 1.11 (0.69–1.78)
0.68

0.77 (0.59–1.01)
0.05

0.91 (0.66–1.25)
0.56

1.23 (0.82–1.85)
0.32

0.92 (0.75–1.14)
0.50

0.83 (0.63–1.08)
0.16

CVD history

  No ref ref ref ref ref ref

  Yes 0.60 (0.24–1.49)
0.27

0.83 (0.55–1.26)
0.39

0.73 (0.51–1.05)
0.09

1.18 (0.47–2.95)
0.73

0.75 (0.52–1.08)
0.12

0.94 (0.65–1.36)
0.73

Cancer history

  No ref ref ref ref

  Yes 1.24 (0.48–3.15)
0.66

0.36 (0.08–1.64)
0.19

0.43 (0.20–0.93)
0.03

4.26 (0.67–26.98)
0.12
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in the follow-up examinations (OR = 0.75, p = 0.02, and 
OR = 0.57, p < 0.01 and OR = 0.54, p < 0.01, OR = 0.85, 
p = 0.05, respectively). In addition, compared to unem-
ployed women in the 20–39  years age group, employed 
participants had significantly more odds of taking part in 
the follow-up examinations (OR = 1.32, p = 0.01).

The multiple adjusted results for 40–59  years men 
indicated lower odds of responding for current smok-
ers and individuals with diabetes (OR = 0.62, p < 0.01 
and OR = 0.77, p = 0.05 respectively). Furthermore, 
the results for women aged 40–59  years indicated 
that chance of response was lower in current smokers 
(OR = 0.54, p < 0.01), hypertensive women (OR = 0.84, 
p = 0.05), and in participants with a history of cancer 
(OR = 0.43, p = 0.03).

The results for older men illustrated that individuals 
in the intervention group were less likely to participate 
in the follow-up examinations than controls (OR = 0.75, 
p < 0.01). In addition, current smokers in this group had 
a lower chance of responding in the follow-up examina-
tions (OR = 0.58, p < 0.01). The results for older women 
indicated decreasing responding chance in the interven-
tion group (OR = 0.77, p = 0.05) and divorced or wid-
owed individuals (OR = 0.77, = 0.05).

Discussion
In the present study, the overall response rate during the 
median follow-up of 15.7 years was 64.5%, with the high-
est rate among middle-aged men and women. In general, 
declining response rate trends were observed for all age 
groups for both sexes during study follow-ups. In terms 
of predisposing factors, the current results indicated that 
among young participants, socio-demographic charac-
teristics, including education, marital and employment 
status, as well as lifestyle behaviors, could determine 
response rates in a different sex-specific pattern. Weight 
status was the only cardiovascular risk factor influencing 
females’ response rate in this age group. However, among 
middle-aged participants, smoking and cardiovascular 
risk factors and history of chronic diseases were the most 
important factors, which could affect the response rates 
in a sex-specific manner. Finally, lifestyle behaviors and 
interventions and marital status were the most critical 
factors associated with responsiveness in the elderly.

Our results showed that in TLGS cohort study, the 
response rate in each follow-up was higher than 60% 
which has been accepted as a threshold of sufficient 
participation [28]. The current finding indicated a gen-
eral decrease in response rate during the time. Declin-
ing in response rate also was observed in other cohorts 
such as the Framingham study [7] and the ARIC study 
[9]. Recruiting cohort subjects and carrying out follow-
ups are becoming problematic in recent years [29]. In 

this study, age and sex differentials were observed, with 
a higher response rate among those aged 40–59 years for 
both sexes. In terms of youth and elderly, while young 
women were more responsive than the elderly, young 
men had lower response rates. Declining response rates 
in the elderly are expected due to deaths and disabil-
ity attritions [30, 31]. The lower response rates among 
young male participants may relate to work obligations 
and family commitments and less time to participate 
in research [18]. The more inadequate response among 
younger males is consistent with reports indicating that 
younger age is associated with higher loss to follow-up, 
which may be explained by greater geographical mobility 
among younger subjects [32]. The young individuals may 
also perceive less disease susceptibility and less benefit 
from ongoing participation in long-term studies [19].

The findings of the current study indicated that in 
young adults, socio-demographic factors and lifestyle 
behaviors were the most significant determinants of 
response rates. To further clarify, being single, unem-
ployed, and a smoker has been associated with lower 
response rates in young males and females. Current 
findings are in line with the results of previous studies, 
which indicated lower response rates in single partici-
pants compared to their married counterparts [33–36] 
and unemployed individuals compared to employed 
ones [36]. Higher response rates in married participants 
may be due to a more heightened sense of commitment 
than non-married counterparts and higher response 
rates in employed participants due to positive associa-
tion between employment and contact and cooperation 
propensity [37]. In terms of lower response rates of 
smokers compared to non-smokers, in agreement with 
current findings number of previous studies indicated a 
distinct role of health-related behaviors in participation. 
In this regard, several studies showed lower response 
rates among smokers than non-smokers [36, 38]; more-
over, another study reported smokers tend to respond 
late compared to non-smokers [33]. The possible reason 
lies in the cultural issues; smoking is not socially desir-
able behavior, and smoking by women is still a social 
taboo in Iran, making participants less inclined to talk 
about this issue. In addition, having higher levels of 
education and being obese in females, and having high 
levels of physical activity in male were significantly asso-
ciated with lower response rates. In terms of the level 
of education, in contrary to current findings, previous 
studies reported lower response rates for those with low 
levels of education compared to their counterparts with 
higher educational attainments [33–35, 39, 40]; sug-
gesting that less-educated individuals were more likely 
to refuse participation. This issue may be due to more 
appreciation of benefits of research activities by those 
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with higher levels of education [41]. However, findings 
of study investigated determinants of non-response in 
health examination survey (HES) in Netherland indi-
cated both very high and very low educated individuals 
had the lowest participation rates [42], which is consist-
ent with findings of the current study. Similar to current 
results regarding lower response rates in obese women, 
other studies also reported that non-respondents had 
higher body mass index [38, 43]. Lower response rates 
in obese individuals may result from existing weight-
related stigma and negative societal attitudes towards 
obese individuals in different settings [44]. Contrary to 
the findings of most previous studies, which indicated 
higher response rates in those with healthier lifestyle 
[45, 46], in the current study, lower response rates were 
observed for men with higher levels of physical activ-
ity. Physical activity in the current study includes both 
leisure time and occupational, physical activities; hence, 
men with more levels of physical activity may be those 
who are spending more time in occupational physical 
activity which is accompanied by expending more time 
and energy for job activities; therefore, busyness and 
fatigue caused by their occupational activities decrease 
possibility of participation of them in miscellaneous 
activities.

Based on the current findings, being a smoker and hav-
ing a history of chronic diseases in both sexes of the mid-
dle aged were significantly associated with lower response 
rates. In addition, being a smoker only in men and being 
divorced/widow only in women and participating in inter-
vention in both sexes were determinants of low response 
rates in the elderly. The findings of previous studies and 
possible reasons for more bass response rates in smokers 
have been addressed in the abovementioned paragraph. 
According to the current results, several previous stud-
ies indicated lower response rates in participants with 
chronic diseases regarding health status. For example, in 
ATTICA epidemiological study, those with diabetes and 
hypercholesteremia were found to have more missing data 
[45]. In another health survey in Finland, the probability 
of non-responding was higher among those with hyper-
tension [33]. Lower response rates in participants with 
more inferior health status than healthy participants may 
be due to common physical and psychosocial problems 
associated with these diseases, which negatively influence 
chronically ill individuals’ physical ability and motivation 
for participation. In addition, most of the individuals with 
chronic illness refer to the private section for treatment 
and receiving health care services; this may be another 
explanation for their motivation loss for participating in 
health surveys and, consequently, their lower response 
rates than their healthy counterparts. In line with the 

current findings, another study reported lower response 
rates in widowed and divorced individuals attributable to 
psychological distress following divorce and loss of their 
beloved one [33].

The strength of the present study is identifying sub-
groups that are most likely to be non-respondent dur-
ing follow-up examinations in a cardio-metabolic 
cohort study conducted in the West-Asia region. In this 
regard, active recruitment strategies by paying particu-
lar attention to these subgroups may enhance cohort 
maintenance. In this regard, recruitment and retention 
strategies targeting these factors may improve partici-
pants’ commitment in longitudinal studies. Some limita-
tions should be considered when interpreting our results. 
First, our findings from an urban-based survey regarding 
cardio-metabolic risk factors, which focused on one dis-
trict of Tehran, may not generalize to cohorts with dif-
ferent socio-demographic characteristics or from other 
geographic regions. Second, the investigated potential 
determinants of the current response rate evaluation 
were based on baseline data, while some socio-demo-
graphic, health, and lifestyle factors might fluctuate or 
change over time. Finally, our results may not apply to 
clinical trials, requiring more frequent contact with trial 
subjects.

Conclusions
Some socio-demographic, health, and lifestyle factors 
associated with follow-up participation in different sex- 
and age-specific patterns in TLGS were identified. These 
factors can be used to inform enrollment goals, subject 
recruitment methods, and novel targeted retention strat-
egies for other longitudinal studies. Further investiga-
tions are required to assess the influence of the factors 
reported in our study over follow-up periods and the 
effectiveness of new retention strategies that incorporate 
these factors.

Abbreviations
TLGS: Tehran Lipid and Glucose Study; NCDs: Non-communicable diseases; 
WHO: World Health Organization; BMI: Body Mass Index; CKD: Chronic kidney 
disease; K/DOQI: The Kidney Disease Outcome Quality Initiative; GEE: General‑
ized Estimating Equations; ORs: Odds ratios; CIs: Confidence intervals; HTN: 
Hypertension; ARIC: The Atherosclerosis Risk in Communities.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12874-​021-​01351-5.

Additional file 1: Appendix table1. The results of uni-variate GEE model 
in men and women.

https://doi.org/10.1186/s12874-021-01351-5
https://doi.org/10.1186/s12874-021-01351-5


Page 10 of 11Cheraghi et al. BMC Med Res Methodol          (2021) 21:161 

Acknowledgements
The authors would like to express their appreciation to all participants of this 
study for their cooperation

Authors’ contributions
FA, PA, GVN and LCH designed the study. LCH carried out the statistical analy‑
sis. LCH, PA, DKH, AM contributed to the interpretation of data. LCH, GVN and 
SJF drafted the manuscript. PA and FA supervised and revised the manuscript. 
All authors read and approved the final manuscript.

Funding
There are no funding resources for this research.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All participants signed written informed consent. The study was approved by 
the ethics committee of the Research Institute for Endocrine Sciences, Shahid 
Beheshti University of Medical Sciences.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1 Research Center for Social Determinants of Health, Research Institute 
for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, 
P.O.Box: 19395‑4763, Tehran, Iran. 2 Department of Epidemiology and Biosta‑
tistics, Research Institute for Endocrine Sciences, Shahid Beheshti University 
of Medical Sciences, Tehran, Iran. 3 Prevention of Metabolic Disorders Research 
Center, Research Institute for Endocrine Sciences, Shahid Beheshti University 
of Medical Sciences, Tehran, Iran. 4 Endocrine Research Center, Research Insti‑
tute for Endocrine Sciences, ShahidBeheshti University of Medical Sciences, 
Tehran, Iran. 

Received: 5 June 2021   Accepted: 14 July 2021

References
	1.	 The L. GBD 2017: a fragile world. Lancet (London, England). 

2018;392(10159):1683.
	2.	 Organization WH. Global health estimates 2015: Disease burden by cause, 

age, sex, by country and by region, 2000–2015. Geneva: World Health 
Organization; 2016.

	3.	 Peykari N, Hashemi H, Dinarvand R, Haji-Aghajani M, Malekzadeh R, Sad‑
rolsadat A, Sayyari AA, Asadi-Lari M, Delavari A, Farzadfar F, et al. National 
action plan for non-communicable diseases prevention and control 
in Iran; a response to emerging epidemic. J Diabetes Metab Disord. 
2017;16:3.

	4.	 NCD risk collaboration. Trends in adult body-mass index in 200 countries 
from 1975 to 2014: a pooled analysis of 1698 population-based measure‑
ment studies with 19.2 million participants. Lancet (London, England). 
2016;387(10026):1377–96.

	5.	 NCD risk collaboration. Worldwide trends in diabetes since 1980: a 
pooled analysis of 751 population-based studies with 4.4 million partici‑
pants. Lancet (London, England) 2016;387(10027):1513–30.

	6.	 Azadnajafabad S, Mohammadi E. Non-communicable diseases’ risk fac‑
tors in Iran; a review of the present status and action plans. 2021. p. 1–9.

	7.	 Dawber TR. The Framingham Study: the epidemiology of atherosclerotic 
disease. Cambridge and London: Harvard University Press; 2013.

	8.	 Trombold JC, Moellering RC Jr, Kagan A. Epidemiological aspects of 
coronary heart disease and cerebrovascular disease: the Honolulu Heart 
Program. Hawaii Med J. 1966;25(3):231–4.

	9.	 The ARIC investigators. The Atherosclerosis Risk in Communities (ARIC) 
Study: design and objectives. Am J Epidemiol.1989;129(4):687–702.

	10.	 Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hulley SB, Jacobs DR Jr, 
Liu K, Savage PJ. CARDIA: study design, recruitment, and some character‑
istics of the examined subjects. J Clin Epidemiol. 1988;41(11):1105–16.

	11.	 Fried LP, Borhani NO, Enright P, Furberg CD, Gardin JM, Kronmal RA, Kuller 
LH, Manolio TA, Mittelmark MB, Newman A, et al. The Cardiovascular 
Health Study: design and rationale. Ann Epidemiol. 1991;1(3):263–76.

	12.	 Azizi F, Zadeh-Vakili A, Takyar M. Review of rationale, design, and 
initial findings: tehran lipid and glucose study. Int J Endocrinol Metab. 
2018;16(4 Suppl):e84777.

	13.	 Howe CJ, Cole SR, Lau B, Napravnik S, Eron JJ Jr. Selection bias due to loss 
to follow up in cohort studies. Epidemiology. 2016;27(1):91–7.

	14.	 Nohr EA, Frydenberg M, Henriksen TB, Olsen J. Does low participation in 
cohort studies induce bias? Epidemiology. 2006;17(4):413–8.

	15.	 Galea S, Tracy M. Participation rates in epidemiologic studies. Ann Epide‑
miol. 2007;17(9):643–53.

	16.	 Garcia M, Fernandez E, Schiaffino A, Borrell C, Marti M, Borras JM. Attrition 
in a population-based cohort eight years after baseline interview: The 
Cornella Health Interview Survey Follow-up (CHIS.FU) Study. Ann Epide‑
miol. 2005;15(2):98–104.

	17.	 Alonso A, Seguí-Gómez M, de Irala J, Sánchez-Villegas A, Beunza JJ, 
Martínez-Gonzalez MA. Predictors of follow-up and assessment of selec‑
tion bias from dropouts using inverse probability weighting in a cohort 
of university graduates. Eur J Epidemiol. 2006;21(5):351–8.

	18.	 May AM, Adema LE, Romaguera D, Vergnaud AC, Agudo A, Ekelund U, 
Steffen A, Orfanos P, Slimani N, Rinaldi S, et al. Determinants of non- 
response to a second assessment of lifestyle factors and body weight in 
the EPIC-PANACEA study. BMC Med Res Methodol. 2012;12:148.

	19.	 Bambs CE, Kip KE, Mulukutla SR, Aiyer AN, Johnson C, McDowell LA, Mat‑
thews K, Reis SE. Sociodemographic, clinical, and psychological factors 
associated with attrition in a prospective study of cardiovascular preven‑
tion: the Heart Strategies Concentrating on Risk Evaluation study. Ann 
Epidemiol. 2013;23(6):328–33.

	20.	 Batty GD, Gale CR. Impact of resurvey non-response on the associations 
between baseline risk factors and cardiovascular disease mortality: pro‑
spective cohort study. J Epidemiol Community Health. 2009;63(11):952–5.

	21.	 Chatfield MD, Brayne CE, Matthews FE. A systematic literature review of 
attrition between waves in longitudinal studies in the elderly shows a 
consistent pattern of dropout between differing studies. J Clin Epidemiol. 
2005;58(1):13–9.

	22.	 Goldberg M, Chastang JF, Zins M, Niedhammer I, Leclerc A. Health prob‑
lems were the strongest predictors of attrition during follow-up of the 
GAZEL cohort. J Clin Epidemiol. 2006;59(11):1213–21.

	23.	 Woodward M, Huxley R, Ueshima H, Fang X, Kim HC, Lam TH. The Asia 
pacific cohort studies collaboration: a decade of achievements. Glob 
Heart. 2012;7(4):343–51.

	24.	 Hara M, Shimanoe C, Otsuka Y, Nishida Y, Nanri H, Horita M, Yasukata J, 
Miyoshi N, Yamada Y, Higaki Y, et al. Factors associated with non-participa‑
tion in a face-to-face second survey conducted 5 years after the baseline 
survey. J Epidemiol. 2015;25(2):117–25.

	25.	 Dowse GK, Zimmet P. A model protocol for a diabetes and other 
noncommunicable disease field survey. World Health Stat Q. 
1992;45(4):360–72.

	26.	 Project WM: A worldwide monitoring system for cardiovascular diseases. 
World Health Statistics Annual 1989.

	27.	 Eknoyan G, Levin NW. K/DOQI clinical practice guidelines for chronic 
kidney disease: evaluation, classification, and stratification. Am J Kidney 
Dis. 2002;39(2 Suppl 1):S1-266.

	28.	 Johnson TP, Wislar JS. Response rates and nonresponse errors in surveys. 
JAMA. 2012;307(17):1805–6.

	29.	 Park B, Choi EJ, Ha E, Choi JH, Kim Y, Hong YC, Ha M, Park H. A study on 
the factors affecting the follow-up participation in birth cohorts. Environ 
Health Toxicol. 2016;31:e2016023.

	30.	 Singh-Manoux A, Kivimaki M, Glymour MM, Elbaz A, Berr C, Ebmeier 
KP, Ferrie JE, Dugravot A. Timing of onset of cognitive decline: results 
from Whitehall II prospective cohort study. BMJ (Clinical research ed). 
2012;344:d7622.



Page 11 of 11Cheraghi et al. BMC Med Res Methodol          (2021) 21:161 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	31.	 Steptoe A, Breeze E, Banks J, Nazroo J. Cohort profile: the English longitu‑
dinal study of ageing. Int J Epidemiol. 2013;42(6):1640–8.

	32.	 Oleske DM, Kwasny MM, Lavender SA, Andersson GB. Participation in 
occupational health longitudinal studies: predictors of missed visits and 
dropouts. Ann Epidemiol. 2007;17(1):9–18.

	33.	 Korkeila K, Suominen S, Ahvenainen J, Ojanlatva A, Rautava P, Helenius H, 
Koskenvuo M. Non-response and related factors in a nation-wide health 
survey. Eur J Epidemiol. 2001;17(11):991–9.

	34.	 Tolonen H, Helakorpi S, Talala K, Helasoja V, Martelin T, Prättälä R. 25-year 
trends and socio-demographic differences in response rates: Finnish 
adult health behaviour survey. Eur J Epidemiol. 2006;21(6):409–15.

	35.	 Groves RM, Couper MP. Correlates of nonresponse in personal visit sur‑
veys. Am Stat Assoc Proc Sect Survey Res Meth. 1992;13:102–11.

	36.	 Shahar E, Folsom AR, Jackson R. Investigators ARiCS: The effect of nonre‑
sponse on prevalence estimates for a referent population: insights from a 
population-based cohort study. Ann Epidemiol. 1996;6(6):498–506.

	37.	 Lepkowski JM, Couper MP. Nonresponse in the second wave of longitu‑
dinal household surveys. In: Groves RM, Dillman DA, Eltinge JL, Little RJA. 
Survey Nonresponse. New York: Wiley; 2002. p. 259–72.

	38.	 Macera CA, Jackson KL, Davis DR, Kronenfeld JJ, Blair SN. Patterns of non-
response to a mail survey. J Clin Epidemiol. 1990;43(12):1427–30.

	39.	 Demarest S, Van der Heyden J, Charafeddine R, Tafforeau J, Van Oyen H, 
Van Hal G. Socio-economic differences in participation of households in a 
Belgian national health survey. Eur J Public Health. 2013;23(6):981–5.

	40.	 Ekholm O, Gundgaard J, Rasmussen NK, Hansen EH. The effect of health, 
socio-economic position, and mode of data collection on non-response 
in health interview surveys. Scand J Public Health. 2010;38(7):699–706.

	41.	 Watson N, Wooden M. Identifying factors affecting longitudinal survey 
response. Methodol Longitudinal Surveys. 2009;1:157–82.

	42.	 Boshuizen HC, Viet A, Picavet HSJ, Botterweck A, Van Loon A. Non-
response in a survey of cardiovascular risk factors in the Dutch 
population: determinants and resulting biases. Public Health. 
2006;120(4):297–308.

	43.	 Sonne-Holm S, Sørensen TI, Jensen G, Schnohr P. Influence of fatness, 
intelligence, education and sociodemographic factors on response rate 
in a health survey. J Epidemiol Community Health. 1989;43(4):369–74.

	44.	 Puhl RM, Heuer CA. The stigma of obesity: a review and update. Obesity. 
2009;17(5):941.

	45.	 Tsiampalis T, Panagiotakos DB. Missing-data analysis: socio-demographic, 
clinical and lifestyle determinants of low response rate on self-reported 
psychological and nutrition related multi-item instruments in the 
context of the ATTICA epidemiological study. BMC Med Res Methodol. 
2020;20:1–13.

	46.	 Hill A, Roberts J, Ewings P, Gunnell D. Non-response bias in a lifestyle 
survey. J Public Health. 1997;19(2):203–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Predisposing factors of long-term responsiveness in a cardio-metabolic cohort: Tehran Lipid and Glucose Study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Anthropometric and clinical assessments
	Definition of terms
	Response rate
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


