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Abstract

of NCD management.

Tehran Lipid and Glucose Study (TLGS), an epidemiological study of non-communicable disease with 20 years follow up in a de-
veloping country in nutrition transition is a unique study in 15000 family based individuals, 3 - 75 years of age in a part of large
city of Tehran. The success rate of recruitment for 20 years, intervention for lifestyle change, and thyroid, reproduction and car-
diometabolic genetic studies derived from TLGS have paved suitable path towards precision medicine. In this review, baseline find-
ings and changes of risk factors for the development of NCD including body weight, nutrition, physical activity, blood pressure,
tobacco smoking, serum glucose and serum lipids as well as metabolic syndrome, chronic kidney disease, quality of life and bio-
chemical findings in TLGS cohort have been summarized. The results of community based intervention for lifestyle change caused
decreases in the prevalence of metabolic syndrome and the incidence of diabetes. It is concluded that TLGS has served as a model
for other cohort studies in Iran and the region; it has helped to mobilize scientists in developing countries; it has established locally
needed definitions of NCD variables; has served as a model for cohort studies in developing countries in nutrition transition with
all socioeconomic constraints and has helped manpower education and development of local CVD risk scores for implementation
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1. Introduction

The landmark Framingham Heart Study, planned in
1947 and its initial design paper was published in 1951 (1),
was an important turning point in our evolving under-
standing of non-communicable diseases (NCD) in last cen-
tury. Although the standardized measurement of risk fac-
tors of NCD and follow up in Framingham served as an im-
portant precedent for future cohort studies in developed
countries (2), there have been a paucity of prospective in-
vestigation of the epidemiology of NCD in the developing-
low income countries.

The legacy of Tehran Lipid and Glucose Study (TLGS) is
that it was planned in a developing country in nutrition
transition (3) forinvestigation of epidemiology of NCD and
has continued follow up of 20 years (4). Special character-
istics of TLGS could be summarized as follows:

1. Most NCD cohort studies have been performed on
adult population. Framingham Heart Study recruited ap-
proximately 6000 adults, while TLGS consists if a cohort of
15000 family based individuals from 3 to 79 years of age (5).

2. Those cohort studies performed in a population of
small city, such as Framingham may have operational ad-

vantages, in particular in collection of outcome data. TLGS
has population of approximately 8.5 million. Therefore,
collection of outcome data from over 170 hospitals and
moving of participants to different part of the city have
made obstacles in management of the study.

3. The design of TLGS composed of collection of base-
line data in 3 years and community lifestyle intervention
for prevention of NCD in one third of study population, fol-
lowed by re-collection of data every 3 years. Interventional
studies carry special difficulties that observational studies
do not have (6).

4. Executing a cohort study in developing country faces
inadequacy in infrastructure of communication, social de-
terminants, education, health structure and many related
factors, which need special planning.

5. The success of recruiting 72.9% (Figure 1) of original
cohort after nearly 2 decades has been mainly due to an ex-
pert team of social workers, with close connection to each
family in the area of study.

6. The addition of Tehran Thyroid Study, Reproduc-
tion Study, Cardiometabolic Genetic Study in the popula-
tion of TLGS had prepared ground for more extensive cross-
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Figure 1. Design of Tehran Lipid and Glucose Study. Each phase lasted 3 years. 72.9% of the original cohort have participated in phase 6 (18 years of follow up). * Denotes percent

of participation from previous phase.

specialty investigations, paving suitable path towards pre-
cision medicine.

Main outcome and implications of TLGS consist of fac-
tors of investigating risk in the development of NCD, effect
of community lifestyle intervention, and findings from
concomitant study in the thyroid, reproductive and ge-
netic domain.

2. Factors of Risk in the Development of NCD

The concept of risk factors was first developed by Kan-
nel et al. in 1961 describing the six-year follow up in the
Framingham Heart Study (7). TLGS was the first to show the
systemic and standardized follow up of NCD risk factors in
a community in nutrition transition in a developing coun-
try (8). Figure 2 demonstrates steady increase in BMI, waist
circumference, blood pressure, and percent of obesity in
TLGS. Trends of NCD risk factors in the first 20 years of TLGS
have been described in previous papers (9-24). Main find-
ings have been included in Figures 2 and 3.

2.1. Body Weight

Prevalence of overweight and obesity which was 20.8
and 63.6% in 3-19 years age and adults respectively has in-
creased in both young and adult population. The crude
prevalence of obesity and abdominal obesity in adults has
increased from 23.1and 47.9% atbaseline to34.1and 71.1% at

the end of follow up, respectively. Relative risk of obesity
was 1.62 (1.49 - 1.76) for men and 1.24 (1.19 - 1.29) for women.
Relative risk for abdominal obesity was 1.46 (1.41-1.52) and
1.22 (1.18 -1.27) in men and women, respectively (9).

In the TLGS, 2.0 and 7.7% of the adult population wee
metabolically healthy obese (MHO) in total and obese
population, respectively. Corresponding numbers for
metabolically healthy but abdominal obese (MHAO) were
12.4 and 23.5% respectively. These two phenotypes were un-
stable conditions and nearly half of the individuals devel-
oped metabolicrisks during follow-up. At follow up MHAO,
but not MHO phenotype showed and increased risk of CVD
compared to metabolically healthy non-abdominal obese
individuals (25-27).

2.2. Nutrition

Consummation of whole grains, legumes, nuts and
healthy dietary pattern reduced and consumption of
white rice, salty/weet snacks increase risk of MetS. Higher
adherence to healthy food choices were also associated
with reduced odds of MetS, obesity, dyslipidemia and pat-
tern. The western dietary pattern increased the association
of polymorphism with MetS (10, 28-30).

Follow up studies showed that dietary pattern of two-
third of participants was not in accordance with dietary
recommendations. Higher dietary scores of variety and
healthy dietary patterns were associated with reduced
odds of dysglycemia (31-33).
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Figure 2. Mean body mass index (BMI), waist circumference (WC), systolic and diastolic blood pressure and percent obesity (BMI > 30 kg/m”) during 6 phases of the Tehran
Lipid and Glucose Study. Each phase lasted 3 years. There have been increases in BMI, WC, diastolic BP and percent obesity during 18 years of follow up.

2.3. Physical Activity

At baseline, low physical activity was present in 69.8%
with little change in the follow-up. The prevalence of phys-
ical inactivity increased with rise in BMI: 69.8% of over-
weight and 75.3% of obese men had low physical activ-
ity, with higher risk of metabolic syndrome, systolic blood
pressure and elevated serum triglyceride (11-34).

2.4. Blood Pressure

The prevalence of hypertension was 23%. Crude inci-
dence rate was 33.6 per 1000 person-years. Age, baseline
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systolic BP and BMI, and baseline diastolic BP and waist cir-
cumference were important risk factors for isolated sys-
tolic and diastolic hypertension, respectively. Hyperten-
sion was associated with increased CVD, CVA and all cause
mortality (12, 35, 36).

2.5. Tobacco Smoking

The prevalence of tobacco smoking increased from 25.5
to 35.4% in men and from 3.4 to 6.8% in women during 10
years follow-up. Water- pipe use in youth also increased. In-
creased risk of combined IFG/IGT, hypertension and CVD in
men and increase risk of chronic kidney disease in women
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Figure 3. Mean serum concentrations of glucose and lipid profile during 6 phases of the Tehran Lipid and Glucose Study. Each phase lasted 3 years. There have been decreases
in serum total cholesterol, triglycerides and LDL-C and increase in serum HDL-C, with no significant change in FPG.

smoker was shown (11), smoking contributed to 7.7% of all
cause mortality with HR1.75 (36).

2.6. Serum Glucose

Atbaseline the prevalence of diabetes was13.2 and 14.7%
in adult men and women, respectively. Incidence rate of
diabetes in adults was 10 per 1000 person-year, and that
of prediabetes was 36.3 per 1000 person-year. Diabetes
was significantly associated with increased risk of CVD and
death. Hyperinsulinemia, serum 25-OH vitamin D, alanin
aminotraferase and waist circumference provided addi-
tional prognostic information beyond the traditional risk

factors incident diabetes (14, 36, 37).

2.7. Serum Lipids

The baseline prevalence of low HDL-C and high LDL-C
among adolescents was 14 and 17%, respectively (38). Corre-
sponding figures for adults were 19 and 28%, respectively
(39). Serum total cholesterol and triglycerides were sig-
nificantly higher in men than women and increase by
advancing age in both genders. During over a decade
follow up, significant decrease in serum concentrations
of total cholesterol, triglycerides and LDL-C and increase
in serum HDL-C occurred in both gender (40). Results
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were unchanged after excluding participants with preva-
lent CVD and those using lipid lowering medications: 1.5
and 3.7% at baseline and 9.0 and 11.4% after follow up in
men and women, respectively. Therefore, some important
part of correction of dyslipidemia was attributed to na-
tional program of changing solid oil to liquid oil produc-
tion throughout the country in last decade of last century
by the government (15).

3. Related Findings to NCD

3.1. Metabolic Syndrome

Based on ATP III definition, the prevalence was 30.1%
at baseline, 42% in women and 24% in men (41). The
most prevalent metabolic abnormality was low-HDL. The
incidence rate of metabolic syndrome was 551/10000
person/year. In adolescents the prevalence was 10.1%.
metabolic syndrome was a significant predictor of total
and cardiovascular mortality in both gender (16-42).

3.2. Chronic Kidney Disease

The prevalence of CKD was 11.3 and 8.5% by 2 different
definitions (43). The incident rates were 285 and 233 per
10000 person-years for women and men, respectively. Ele-
vated waist circumference and waist gain were associated
with increase incidence of CKD. In lean individuals, CKD
was an indefindent predictor of CHD and stroke (17).

3.3. Quality of Life

Metabolic syndrome was associated with poor physi-
cal quality of life in women, particularly in those who had
more components of metabolic syndrome. Only repro-
ductive age women with metabolic syndrome were more
likely to report poor physical component summary subset
of short form health survey (18).

3.4. Biochemical Findings

In addition to FBS, GTT, serum lipids and lipoprotences,
measurement of many biochemicals have been performed
in TLGS. C-reactive protein, interluekine-6 and homocys-
teine were found to be associated with NCDs. Levels of CRP
and IL-6 was higher in subjects with abdominal obesity, as
compared to normal weight individuals (19).

In Addition, circulating nitric oxide metabolites (NOy)
was associated with the risk and could predict NCD. Find-
ings suggested that NO;/NO, exposure from usual diets
may contribute to development of NCDs (20).
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3.5. Tehran Thyroid Study

Thyroid study began in 5920 adults of TLGS and the de-
sign was published in 2013 (44). This study aimed to in-
vestigate the gap in knowledge regarding epidemiology
of thyroid disorders and systematic evaluation of trend of
thyroid hormones, TSH and thyroid antibodies in a pop-
ulation over time period. So far, it has defined the refer-
ence ranges of fT4, TSH and thyroid peroxidase antibody
(TPOAD). The rate of persistent euthyroidism has been 93%
and the incidence rate of thyroid disorders was estimated
at 21 per 1000 person-year. Serum fT4 had negative asso-
ciation with insulin resistance in all and positive associa-
tion with blood pressure only in men. No relation between
various thyroid status and the prevalence and incidence of
CVD was detected (21).

3.6. Reproductive Studies

A decrease in age of menarche from 14 to 13 years was
observed during 6 decades. There was no specific trend
in menopausal age. Findings showed good agreement be-
tween serum anti-mulerian hormone and predicted age of
menopause (45). Prevalence of infertility was 17.3%. Preva-
lence of PCOS and idiopathic hirsutism was 8.5 and 13.0%,
respectively. Significant association between PCOS with in-
creased hazard of diabetes, prediabetes and risk of devel-
oping metabolic syndrome was observed only in women
aged < 40 years (22).

3.7. Genetic Studies

The association between variations in 26 genes were
studied in 6 phenotypes and complex 17 trials. 47 variants
were associated with NCDs and related traits (23). Extra-
indivuals and pedigrees have been collected during follow-
up time and the data of genome wide studies are under
analysis.

3.8. Life Style Intervention

A community-based intervention for life style modi-
fication was adapted following baseline data collection
in TLGS. It was planned to educate trainers from the
community, followed by supervision and evaluation from
TLGS team. Educational interventions were performed
by family-based, community based and school-based pro-
grams (6).

Baseline data of TLGS had shown higher prevalence
of NCD risk factors compared to Western and Asia-Pacific
countries. However, mild indirect interventions showed a
decrease in the prevalence of metabolic syndrome and the
incidence of diabetes and prediabetes. After 3.6 years of
interventions, the incidence of diabetes was decreased by
65% (24, 46, 47).
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Table 1. Approximate Costs of Survey for Each Participant Per Year: Tehran Lipid and
Glucose Study

Expenditure
Item
Rials Euro®

History, physical exam and questionnaires 60,000 12
Elecrocardiogram 40,000 0.8
Laboratory measurements 70,000 1.4
Manegerial services and other costs 830,000 16.6
Total 1,000,000 20.0

 Exchange rate has varied during last 20 years, 5000 Rials per each Euro has
been estimated as an average.

4.TLGS as a Model for Other Cohort Studies

Tehran Lipid and Glucose Study was the first prospec-
tive 20 year cohort study in West-Asia and Eastern Mediter-
ranean region. Table 1 shows low survey cost of only
1,000,000 Rials (20 Euro) for each participant of TLGS per
year of study. The success of TLGS, with over 500 peer-
reviewed Journal publications, motivated the establish-
ment of many cohort studies in the region, in the past
decade. In the Islamic Republic of Iran over 20 cohort stud-
ies have developed and a Concersium of Iranian Cohort has
been formed. In 2018, approximately 150,000 people have
entered Iranian cohort studies (48). These cohort studies
will continue TLGS path to use standardized protocol for
measurement of risk factors and outcomes of NCD’s, to
employ repeated examinations over time for detecting the
progression of risk factors and to use multivariate analysis
to disclose the independent contributions of multiple risk
factors in NCDs.

5. Contributions and Future Prospective

Findings of TLGS, a 20 year long prospective study of
NCDs in a developing country has produced many impor-
tant lessons from this well controlled epidemiological in-
vestigation over the past 2 decades. The main lessons
gained by TLGS have been (1) to mobilize scientists in coun-
tries other than developped ones to establish prospective
cohort studies for assessment of risk factors of NCDs in
their region, to correct many clinical misconceptions, to
establish the impact of risk factors and the importance
of multivariable risk factors influencing NCDs; (2) to es-
tablish locally needed definitions of variables; for exam-
ple cut-offs of waist circumference for Iranians; (3) to
show that with good management, complex cohort stud-
ies could be implemented in a rapidly growing country
on nutrition transition; (4) to demonstrate that training
the trainers in a community with minimal expenses could

be effective in reducing incidence of diabetes, prediabets
and metabolic syndrome; (5) to show that in situations
with constraint budgets, with rising enthusiasm in dedi-
cated researchers and personals, much sciences could be
gained in health system research; (6) to announce un-
healthy diet and poor physical activity of the community
and to propose ways of change in lifestyle to the health au-
thority; (7) to develop ways of exchange of knowledge in or-
der to propagate findings to medical personnels and gen-
eral population; to determine appropriate technological
advances in molecular medicine and new interventional
tools in population research in less developed countries.
(8)todevelop CVDrisk scores based on data from local pop-
ulation and implement the formula in nationwide NCD
management (IRA-PEN).

In recent years, the legacy of TLGS continues with ge-
nomic study including genom-wide study of TLGS partici-
pants, plans for metabolomic studies, more development
of research in epigenetic domain and wider collaborations
with scientists in different fields of medicine for employ-
ing more creativity and newer investigation tools. In addi-
tion, the close collaboration with various departments of
the Ministry of Health and Medical Education makes this
study unique to offer prevention methods for control of
NCDs in countries in nutrition transition. For the future,
all data gathered in TLGS could help the development of
precision medicine in the region.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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