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Abstract

In the late 1990s the non-communicable diseases were becoming increasingly more prevalent and a significant proportion of evi-
dence in this regard had originated from industrialized “Western” countries. This had led to a landscape where most national and
local health decisions regarding non-communicable diseases (NCDs) were informed by data generated elsewhere. Iran, as a large
country in the Middle East was no exception and was going through significant population growth and urban development at the
time. An initiative by the Iranian National Scientific Research Council funded an idea that was aimed at delineating the local epi-
demiology of NCDs and their risk factors in a manner that was unprecedented. The result was Tehran Lipid and Glucose Study (TLGS),
the firstand longest running cohort of its sort in Iran. Initial data out of TLGS reported the characteristics of 15005 people aged over
3years in a representative population of Tehranians. Additionally, distribution and prevalence of cardiovascular risk factors among
the study population were characterized. This population was selected through a multistage stratified cluster random sampling
technique from the population of district 13 in Tehran. In addition, TLGS gave rise to a great deal of important and highly effective
initial findings on national cut-off points for various variables, information about nutrition, hypertension, dyslipoproteinemia, and
metabolic syndrome. TLGS also generated information about metabolic health indicators among children and adolescents. Here

we present a brief overview of rationale, design, and initial findings of TLGS.
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1. Context

In the late 1990s, the spiraling epidemic of non-
communicable diseases was a disturbingly palpable pres-
ence and a relatively widely accepted reality of life all over
the world (World Health Report, 1998). However, the level
of knowledge and evidence on these challenges varied
greatly and a significant proportion of evidence in this re-
gard had originated from industrialized “Western” coun-
tries. Therefore, decisions at national and local levels in
other countries were mostly based on the evidence gener-
ated elsewhere.

Iran is a country in the Middle East region comprising
aland area of 1648195 km? that has continuously been un-
dergoing significant population growth and changes in its
urban development over the past four decades. As one of
the most advanced countries in the region in terms of sci-
ence and practice of medicine and health systems, Iran has
taken solid steps towards developing a sound basis for im-

provement of health care. For example, assessment of the
epidemiological status of, and successful implementation
of interventions to control, iodine deficiency disorder (1)
and implementation of a national program for newborn
hypothyroididsm screening (2) are two of the successful
public health campaigns that have taken place over the
past decades. Therefore, this country is well equipped to
expand the regional knowledge of health and diseases.

Similar to other countries that have experienced rapid
and significant economic and demographic alterations,
Iran has experienced a period of nutrition transition (3)
and the prevalence of non-communicable diseases (NCDs)
has increased, making them the main health challenge
and significant causes of mortality and morbidity in Iran
(4-7). This trend started in the 1980s and necessitated a
more active approach to epidemiological study of NCDs in
Iran in a manner that could inform national policies.
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2. Rationale for Design of Tehran Lipid and Glucose
Study

As mentioned above, the prevalence of NCDs has been
on the rise. Over the years, progress has been made in the
treatment of NCD and in the pharmacological control of
many risk factors. However, the most cost-effective and
sustainable way of controlling these diseases is through
reducing the prevalence of risk factors in a population.
This can be done through lifestyle changes such as increas-
ing regular physical activity, eating healthily and remain-
ing tobacco-free (8-10). Along these lines, the Iranian Na-
tional Scientific Research Council launched an initiative
from 1995 to 1997 through which it would fund selected
national research projects. The idea of Tehran Lipid and
Glucose Study (TLGS) was first conceived and put forward
to the Council within the above-mentioned framework in
1997. It was among the very few national projects that were
funded.

Tehran city covers an area of 1500 km? and consists of
22 districts with a total population of over ten million peo-
ple. The TLGS is a large scale community based prospective
study performed on a representative sample of residents
of district-13 of Tehran, capital of Iran. The TLGS was first
designed in 1997 and implemented in 1999 with the aim of
studying epidemiology of NCD risk factors and outcomes
of NCDs in a manner that was previously unprecedented
inIran (4).

The first phase of TLGS was a cross-sectional study on
residents of district 13 in Tehran (between 3 to 69 years
of age) that assessed the prevalence of cardiovascular dis-
eases and their risk factors (Figure 1). The second phase,
however, started in 2002 and was designed as a longitudi-
nal study with an anticipated duration of at least 20 years,
which has continued to date. Data collection in this phase
was planned to be performed in 3-year intervals. A de-
tailed explanation of the study population, baseline mea-
surement and follow-up visits have been presented before
(3). The year 2018, marks the start of the seventh 3-year data
collection cycle.

3. Initial Findings of Tehran Lipid and Glucose Study

3.1. Initial Characteristics of the Study Population and Demo-
graphic Findings

Initial data out of TLGS reported the characteristics of
15005 people aged over 3 years in a representative popu-
lation of Tehranians. Additionally, distribution and preva-
lence of cardiovascular risk factors among the study pop-
ulation were characterized. This population was selected

Invitation to TLGS unit
by social workers

Reception
(Demographic data acquisition)

1
TLGS Laboratory (blood

sampling for biochemical tests

of serum glucose and lipids)

Anthropometry
(plus ECG for participants >30 years)

Complete medical history,
BP, thyroid exam and dietary habits

Outcome
measurements

Figure 1. Study design of the phase I of the TLGS. Abbreviations: TLGS, Tehran Lipid
and Glucose Study; ECG, Electrocardiogram; BP, Blood Pressure.

through a multistage stratified cluster random sampling
technique from the population of district 13 in Tehran. At
the time, Tehran was composed of 20 urban districts and
made up a population of 6.7 million (Iran National Census
1996). District 13 was chosen mainly because city-wide data
showed a high rate of stability in that district. Also, the age
distribution in district 13 was representative of the overall
population in Tehran.

The study population comprised 15005 Tehranian chil-
dren, adolescents, and adults, 44% males and 56% females.
Nearly, 5% of the study population was between 3 - 6 years,
6% between 7 - 10 years, 9% between 11 - 14 years, 19% be-
tween 15 - 24 years, 17% between 25 - 34 years, 16% between
35-44 years, 12% between 45 - 54 years, and 10% between 55
- 64 years, and 7% over 64 years. Age and sex distributions
are shown in Table 1.

Initial findings of TLGS shed some much anticipated
light on the smoking habits of the Tehranian population
older than 15 years of age. It was shown that 10.6% of the
population were daily smokers, while 1.5% were occasional
smokers, 6.1% ex-smokers, and 81.8% non-smokers.

Moreover, other key demographic information be-
came available within the context of TLGS (some of the
more important ones are summarized in Table 2).

3.2. National Cutoff Points

A major contribution of TLGS that became tangible in
its early years was defining cutoff points that were spe-
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Table 1. Age Distribution of Tehran Lipid and Glucose Study (TLGS) Participants
Based on the WHO STEPS Categories®

Age Groups (y) Men Women Total
3-6 336 (49.1) 349 (50.9) 685 (4.6)
7-10 469 (49.2) 484 (50.8) 953 (6.4)
11-14 667(49.9) 670 (50.1) 1337(8.9)
15-24 1195 (42.0) 1650 (58.0) 2845 (19.0)
25-34 985(39.8) 1489 (60.2) 2474 (16.5)
35-44 1011 (42.6) 1360 (57.4) 2371(15.8)
45-54 724 (39.8) 1094 (60.2) 1818 (12.1)
55-64 624 (43.0) 827(57.0) 1451(9.7)
> 65 599 (55.9) 472 (44.1) 1071(7.1)
Total 6610 (44.1) 8395 (55.9) 15005 (100.0)

“Values are expressed as number (%).

Table 2. Important Demographic Characteristics of Tehran Lipid and Glucose Study
(TLGS) Participants at Baseline

No. (%)

Marital status (age > 15)

Single 3071(25.5)

Married 8328(69.2)

Divorced/widowed 631(5.3)
Literate® (age > 7)

Men 5997(95.6)

Women 7246 (90.1)
Atleast one university degree (age > 20)

Men 746 (18)

Women 515 (10)
Employed (age > 10)

Men 3195 (62)

Women 606(9)

?Literate is defined as being able to read and write.

cific to an Iranian population for various variables. One
of the early reports from TLGS reported cutoff points for
anthropometric measures as indicators of cardiovascular
risk factors in an Iranian population of 10522 (11). Results of
this study suggested that many of these cutoff points were
higher for the Iranian population compared with other
Asian populations. Studies with such intentions continued
in the TLGS and population-specific cutoff values for many
other parameters were defined. Some of these values, for
example that for TSH, are reviewed in various articles in
this issue.

3.3. Nutrition

TLGS was designed and has been conducted and main-
tained with the importance of nutrition and nutritional in-
terventions in mind. This perspective came to fruition not
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very long after the start of this cohort. Initial assessment
of nutritional habits of the TLGS population resulted in a
comparison between mean servings of intakes of various
food groups among Tehranians and those set forth in the
Food Guide Pyramid (Figure 2) (12). A cross-sectional study
on 403 TLGS participants older than 25 years of age was
designed and conducted to assess diet and energy expen-
diture and requirement of adults in Tehran. The findings
revealed that an average Tehranian has an energy require-
ment that is lower than daily allowances recommended
by FAO/WHO and highlighted the need for interventions
aimed at improvement of dietary habits in urban pop-
ulations in Iran (13). Another seminal study by Esmail-
lzadeh et al assessed the relationship between whole-grain
intake and metabolic syndrome from an epidemiological
perspective. This study showed that diets rich in whole-
grain are inversely correlated with the risk of metabolic
syndrome (14) and it was one of the few studies that had
addressed such a diet-disease relationship in a large pop-
ulation at the time. Many later studies in TLGS addressed
nutritional findings and are thoroughly reviewed in a re-
view article in this issue.

3.4. Blood Pressure and Hypertension (15)

As TLGS was designed to assess the status of cardio-
vascular risk factors and to subsequently inform national
policies on approaching these risk factors (4), it was well
equipped to produce information on hypertension as a
major modifiable cardiovascular risk factor. Epidemiolog-
ical data on the status of hypertension in Iran was avail-
able when the TLGS was started, however, the sample size
and sampling method of the TLGS gave it a unique posi-
tion in this regard. Initial findings in the TLGS showed that
mean systolic and diastolic blood pressure were higher in
men than in women (119.5 &+ 17.1 vs. 116.1 + 16.8 mmHg, P <
0.001 for systolic and 77.4 +10.8 vs. 76.9 £ 10.0 mmHg, P <
0.05 for diastolic blood pressure). A crude prevalence rate
of 22.9%, with an age-adjusted prevalence of 20.4% (CI 95%:
19.2-21.6) for men and 25.1% (CI 95%: 24.0 - 26.2%) in women
(P < 0.001), was reported (4). These prevalence data was
not totally similar to previous reports, which could be due
to differences in sample size, environmental and cultural
factors.

More analyses of the initial TLGS data demonstrated
an increase in the prevalence of hypertension with age in
both sexes. Hypertension in 20 - 29 year-old men was about
twice that of women of the same age group. While no dif-
ference was detected between men and women in the 30
-39 year-old group, in adults 40 years and over hyperten-
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Fat and sweet group
6.4 +3.0 servings

(Not recommended)

Milk and Dairy group

1.1+ 0.8 servings
(2-3 Servings)
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1.2+ 0.7 servings
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Vegetable group
3.6 £2.0 servings
(3-5 Servings)

Fruits group
3.1+3.0 servings
(2-4 Servings)
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7.8 £3.7 servings
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Figure 2. Mean servings of intake of various food groups in the TLGS population in comparison with the Food Guide Pyramid. Values in Bold are from TLGS, and Food Guide

Pyramid values are presented in Italics.

sion was more prevalent in women than in men. The re-
ported age and sex-specific differences in hypertension in
TLGS were generally consistent with other studies despite
subtle differences. Studies on hypertension in TLGS has
been ongoing and a review of all the findings is presented
in a separate article in this issue.

In its initial years, the TLGS was used as a powerful tool
to address more profound questions that were subjects of
extensive controversies. In one instance, TLGS researchers
questioned the relative significance of systolic and dias-
tolic blood pressure (SBP and DBP) measurements in clas-
sification of hypertension according to the international
standard of Sixth Report of the Joint National Commit-
tee on Detection, Evaluation, and Treatment of High Blood
Pressure (JNC-IV) (16). This study concluded that the role
of SBP in classification of hypertension according to JNC-VI
was more significant only in older adults, and that DBP had
amore prominent role in other age groups.

TLGS helped the investigator ask more directed ques-
tions regarding NCDs. For instance, another aspect of
blood pressure that was assessed within the context of
TLGS was the status of blood pressure in adult popula-
tion in Tehran with myocardial infarction (MI). Since all
TLGS participants undergo an electrocardiography (ECG),a
group of participants were selected and their ECG tracings

were analyzed according to Minnesota ECG coding criteria
and categorized as “probable/possible MI” or “no MI". The
mean of two separate blood pressure measurements for
each participant was also measured and the prevalence of
Mlinrelation to an index of hypertension was assessed (17).
This study revealed that among the population in Tehran,
MI was more prevalent in hypertensive patients and that
after adjustment for age, sex, and body mass index, pa-
tients with ECG-defined MI had significantly lower dias-
tolic blood pressure. This study also provided some infor-
mation about pulse pressure and how it related to blood
pressure in the presence or absence of MI. Many similar
studies have since tried to elaborate on the causes and as-
sociated risk factors of NCDs within the context of TLGS.

3.5. Dyslipoproteinemia

Aless thoroughly investigated area in Iran at the time
when TLGS was initiated was the prevalence of dyslipopro-
teinemia and distribution of lipoprotein values in urban
regions. This coincided with assimilation of more Western
lifestyle habits in terms of diet and physical activity by the
Iranian population. An epidemiological survey conducted
within the framework of TLGS (18) aimed to address this is-
sue and revealed that Tehranian adults had higher levels of
total cholesterol, LDL cholesterol (LDL-C) and triglycerides,
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and slightly lower HDL cholesterol (HDL-C) compared with
data reported by similar studies in other industrialized
countries.

In another early report (19), TLGS investigators per-
formed a more thorough assessment of HDL-C as a com-
mon lipid disorder in coronary artery diseases in the
TLGS population and highlighted age, sex, hypertriglyc-
eridemia, obesity, truncal obesity, cigarette smoking and
passive smoking as determinants of HDL-C. Further stud-
ies in later years continued to elaborate on the status of
dyslipidemia in the context of TLGS and an overview of the
findings of these studies are presented in an article in this
issue.

3.6. Diabetes Mellitus, Impaired Glucose Tolerance and
Metabolic Syndrome

Among the mostimportantinitial findings of TLGS was
the prevalence of known diabetes mellitus, new cases of
diabetes mellitus (DM), and impaired glucose tolerance
(IGT) among different age groups in an adult population
in Tehran (Figure 3). These findings highlighted the fact
that in both sexes, there was an increase in the prevalence
of both DM and IGT (4).

Ataround the time of TLGS initiation, anumber of stud-
ies in Iran had reported the prevalence of individual car-
diovascular risk factors. However, an analysis of these risk
factors as a cluster was not available. TLGS presented an op-
portunity for examining the prevalence of such a cluster
that is known as metabolic syndrome. In one of the early
publications out of TLGS, Azizi et al. performed a thorough
analysis of various components of metabolic syndrome
based on ATP III (adults treatment panel III) criteria and
found the age-standardized prevalence of metabolic syn-
drome in Tehran to be 33.7% (CI 95%: 32.8 - 34.6), which was
higher than what many studies had reported at the time
(20). They also showed that this syndrome was more com-
mon among women, with the most common metabolic ab-
normality being low HDL cholesterol. The pattern, trend
and other aspects of this syndrome were further analyzed
in more details in future studies. Moreover, TLGS reported
cumulative incidence of cardiovascular (CV) risk factors in
different age groups in adults (Figure 4).

3.7. Findings on Children and Adolescents

When TLGS was launched, a few scattered studies had
evaluated lipid profiles in the Iranian population in gen-
eral, and more specifically in the pediatric and adolescent
population in Iran (21, 22). This type of information was
not readily available even in the Middle East as a region.
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Less than three years from its conception, TLGS provided
a detailed report on the status of serum lipid levels in a
representative population of Iranian children and adoles-
cents in an encompassing article (23), highlighting specifi-
cations of dyslipoproteinemia in the Iranian children and
adolescents in comparison to global reports. Most impor-
tantly, this report showed that this population suffered
higher TC, TG, and LDL-C levels and lower HDL-C levels; and
that the age distribution of dyslipoproteinemia was differ-
ent. As such, it set the stage for further national epidemio-
logical research in this field, while providing evidence for
designing more precise and efficient health policies and
public health campaigns in an era of lifestyle shift in Iran.

This was not the only early TLGS study that looked at
a burdensome health issue in adolescents. In an initial re-
port out of TLGS, hypertension among children and ado-
lescents was reported to be slightly more prevalent in boys
than in girls, although the difference did not reach statis-
tical significance in that analysis (12.7% vs 10.9%, NS) (4).
One comprehensive study set out to determine predictors
of cardiovascular disease (CVD) risk factors in the adoles-
cent population of TLGS through the use of anthropomet-
ric measurements, dietary recall interviews, blood pres-
sure measurements and lipid profiles. The results revealed
strong positive correlations between BMI and blood pres-
sure (both systolic and diastolic) in boys and girls. Some
other dietary and lifestyle factors were also identified as
predictors of CVD risk factors (24). Moreover, TLGS delin-
eated the cumulative frequency of CVD risk factors in dif-
ferent age groups of Tehranian children and adolescents
(Figure 5) (4). Future studies in TLGS also focused on chil-
dren and adolescents and to date, this population has been
an important component in TLGS.

4. Discussion

Initial findings from TLGS highlighted that the preva-
lence of CV risk factors were considerably high among
the adults in a population that, at the time, was repre-
sentative of the Iranian population. The reported figures
were higher than those in industrialized countries such as
Canada and the United States (25-28). This included a lower
prevalence of antiatherogenic factors such as HDL-C com-
pared with industrialized countries (25). Low HDL-C could
be associated with high saturated fat intake and low physi-
cal activity (29, 30), both indicators of unhealthy lifestyles.
Despite these alarming findings, CVD mortality rates were
lower in Iran compared to industrialized countries, prob-
ably due to the lower prevalence of hypertension in Iran
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Figure 3. Prevalence of diabetes (DM) and impaired glucose tolerance (IGT) in Tehranian adult population; Tehran Lipid and Glucose Study, Adapted from reference (4).
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Figure 4. Cumulative frequency of cardiovascular risk factors in adults including hypertension, generalized obesity, central obesity, smoking, diabetes mellitus, total choles-
terol > 240 mg/dL, LDL cholesterol > 160 mg/dL, HDL cholesterol < 35 mg/dL, and triglycerides > 400mg/dL in Tehranian adult population, Tehran Lipid and Glucose Study,

Adapted from reference (4).

(26-28). More worrying was the fact that children and ado-
lescents followed a similar pattern and the percentage of
Iranian children and adolescents with one or more CV risk
factors was higher than the reports out of the United States
(31-33). This indicated that a higher mortality among the
adult population and a future adult life with significant
metabolic and CV morbidity for the children and adoles-
cents were expected in Iran.

The figures reported in the initial phases of the TLGS
also differed with those out of other countries in the re-

gion. For instance, mean LDL-C concentrations, a major
atherogenic lipoprotein, in women in Tehran was higher
than those reported in Saudi Arabia (34). Such differences
in observations suggested that variations in metabolic
health parameters existed in the same geographical region
and that many factors were at play and needed to be iden-
tified.

In conclusion, this paper highlights the findings of the
initial stages of TLGS and points to the alarming trends
in the cardiovascular risk factor and nutritional changes
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HDL cholesterol < 5th, and triglycerides > 95th percentile for each age group of children and adolescents, Tehran Lipid and Glucose Study, Adapted from reference (4)

in Iran at that time. The findings revealed the transition
in nutrition and lifestyle that Iran was, and still is, go-
ing through. By showing that more than half of adults
at the time were at increased risk of cardiovascular and
metabolic diseases, and that children and adolescents in
Iran were en route to a more morbid adulthood, TLGS be-
came of significant assistance in designing and imple-
mentation of prevention programs, public health poli-
cies, health education programs, and an integrated public
health approach. This landmark initial study became the
stepping stone for an interventional phase of TLGS which
resulted in crucial and valuable findings in the future.
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