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Abstract

Background: Diet and lifestyle are the primary channels in prevention of weight gain

and type 2 diabetes, as well as being implicitly involved with body mass indé). (B

The literature on dietary factors related to obesity and type 2 diabstesritmued to

expand, but little research has focused on Asian populations. Furthermore, debate over
the optimal BMI range in Asians has become an important public health question in need
of more thorough investigatiort he objective of this dissertation is to investigate the
associations between dietary patterns, weight gain and risk of obesity, gettams

and risk of type 2 diabetes, and BMI and all-cause mortality in 61,000+ middle aged

Chinese men and women in the Singapore Chinese Health Study (SCHS).

Methods: This dissertation includes three separate research projects ainmwgdtigate
how dietary patterns associate with weight gain and risk of obesity (1) tyjadbetes
incidence (2), and how BMI is associated with all-cause mortality (3helfirst and

second projects dietary patterns were derived using principal componentssanbhesi

first project examined how these patterns along with a western fast foochissteciate

with weight gain and risk of future obesity. The second project examined how thg dieta
patterns were associated with incident type 2 diabetes. Proportional hazmedsion

was used to characterize the prospective associations with incident albesaistl type

2 diabetes. The last project also utilized proportional hazards regression along with a
non-parametric trend graph analysis to investigate the association betwéandBMI-

cause mortality.



Results: Results for the three projects were as follows: (1 and 2) two main dietary
patterns were identified. A pattern characterized by high consumption oakkggetiruit,

and soy foods with some fish and seafood was termed vegetable, fruit and soy rich
(VFS). The other dietary pattern was characterized by high consumption sficim

fresh and processed meats, higher relative intake of noodles and rice dishesjeand s
sweetened and deep fried foods and was termed dim sum and meat rich (DSM). 1) An
increasing VFS dietary pattern score was associated with lowes Ewekight gain and

an increasing DSM pattern score was associated with increasingt waig and risk of
future obesity, relative risk (RR) of obesity fd? and ' vs. ' quintile of DSM pattern
score (1.59 and 1.62). Additionally, each increase in frequency of western fast food
consumption was associated with a mean increase in weight gain. 2) Compared to the
lowest quintile of VFS dietary pattern score an inverse association wél2tg@abetes

was observed in quintiles 2-5, (RR=0.80, 0.83, 0.75, 0.81). In the main models for the
DSM pattern the RR increased similarly in quintiles 2-4 and was further hegghite
quintile 5 compared to thé'fuintile (RR= 1.21, 1.17, 1.27, 1.55). The associations
persisted after adjustment for all potential confounders including BMI anel mited

to non-smokers. 3) In an optimal model of disease-free non-smokers excluding early
deaths (< 5 years follow up time) there was a U-shaped association betweandadl
cause mortality. Compared to the BMI referent group with the lowest niyrei

(18.5-20 kg/m) persons with a BMI < 18.5 were at increased risk of premature death
(RR=1.41; 95% CI 1.12-1.76), as well as persons with a BMI 26.0-27.4 (RR=1.31; 95%

Cl1 1.05-1.63) and BM» 27.5, (RR=1.49; 95% CI=1.22-1.83). Further analyses suggest



that the association observed at the low end of the BMI spectrum was driven by persons
65 years of age with BMI < 17.0.

Conclusions: These results indicate that higher intake of a dietary pattern rich in
vegetables, fruits, soy and some fish and seafood is beneficial for weightrraaoge

and a decreased risk of future type 2 diabetes. On the other hand, higher intake of a
dietary pattern rich in consumption of dim sum, meat, sweetened and deep fried foods
was associated with increased weight gain, along with increased risitarefobesity

and type 2 diabetes. Consideration of the association of BMI with all-causeityortal
found a U-shaped association, with BMI from the normal range through the midgée ra
of overweight status (18.5-26) not associated with risk of premature all{Teutity.

As obesity and diabetes become more prevalent in Asia, it is important thiat fut
research continues to address and provide data with which Asian populations can
identify, in regards to diet and lifestyle. Continued and further sound methodological
research is needed that assesses how direct and indirect measures of adgpmsdye

with chronic disease, mortality, and cause-specific mortality in ordeake @mppropriate
public health recommendations in relation to what an optimal weight range nray be

Asians.
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Chapter 1. Type 2 Diabetes Pathogenesis

The natural history of type 2 diabetes beginning with normal glucose tolerance
and progressing through insulin resistance, compensatory hyperinsuliremgtate of
impaired glucose tolerance and finally to overt diabetes mellitus is a @omprplay of
many environmental and genetic factors that influence metabolic pre@ste
ultimately leads to a level of elevated blood glucose resulting from defeictsulin
secretion, insulin action or both. Ultimately, overt diabetes mellitus resés the
production of insulin is insufficient to overcome the underlying abnormality of iredeas
resistance to its action. Any review of the natural history should begin with the
mechanisms involved in maintenance of normal glucose homeostasis.

NORMAL GLUCOSE HOMEOSTASIS

The majority of the body glucose disposal takes place in insulin independent
tissues: 50% in brain, 25% in splanchnic area (liver and gastrointestinaltissdeke
remaining 25% in insulin-dependent tissues, mainly muscle tissue and a somatk am

adipose tissué. The body also produces glucose. 85% of endogenous glucose



production is derived from the liver and 15% from the kidney through glycogenolysis and
gluconeogenesis to match basal glucosé uatter glucose ingestion and absorption, the
increase in plasma glucose concentration stimulates insulin releases auntbination

of hyperinsulinemia and hyperglycemia stimulates glucose uptake byglspiariliver

and gut tissues) and peripheral tissues (primarily muscle) while supgresslogenous
glucose productiof.

The majority of glucose uptake by the peripheral tissues occurs in mudale (
85%), and a small amount is metabolized by adipoéekile fat tissue has a small role
in glucose disposal it plays a central role in maintenance of total glucosestasie by
regulating the release of free fatty acids (FFA) from storely¢tegdes and through the
production of adipocytokines that influence insulin sensitivity in muscle and lsgereti
%% Increases in plasma insulin concentration inhibit lipolysis leading to aadedre
plasma FFA. This decline strengthens muscle glucose uptake and is anfattdsiting
hepatic glucose productidff.

Glucagon is also an important component of glucose regulation in post-meal
conditions’ Glucagon is inhibited by hyperinsulinemia after carbohydrate consumption,
which inhibits hepatic glucose output, thus contributing to fuel storage rather than
oxidation and a return to glucose homeostasis following the postprandial period.

In short, normal glucose homeostasis is a state of equilibrium betweetethser
and uptake of glucose from the bloodstream into the various tissues. Glycemic sontrol i
highly regulated in healthy animals through multiple mechanisms under hormonal
control. As a result, in the non-diabetic animal, blood glucose concentration fluctuates

within a relatively tight range, rising following carbohydrate ingesand rapidly



returning to near-homeostatic levels typically after one to two hours follangagtion,
depending on the amount of carbohydrate ingested.
INSULIN SECRETION AND RESISTANCE

Pancreatic beta cells secrete insulin, which is highly regulatebhbysg
absorption from the gut as well as feedback from the liver and peripherattiEsuly in
the natural history of type 2 diabetes peripheral resistance to insulinaggchglucose
uptake by skeletal muscle, liver, and adipose is typically well establishedevidgw
fasting glucose concentration, and postprandial glucose tolerance, tygefailgd as the
area under the two-hour glucose concentration curve following ingestion, oftaimrem
normal because the beta cells are able to compensate for the peripherat@ssthnce
by secreting more insulin. An increase in fasting and postprandial plasma lesels
can be interpreted as an adaptive response of the pancreas to counter dineeeasitte
tissues and preserve normal glucose concentrétigrigough the precise biochemical
pathology leading to insulin resistance is still not clear, it appears to fresnlgene x
environment interactions. Some of the hallmark phenotypical characteristies of t
insulin resistant individual include obesity, particularly central obesitiie visceral
cavity, and also excess fatty infiltration of skeletal muscle and lissudi It is thought
that excess visceral fat depots are particularly pernicious, relatiubd¢ataneous fat
depots, because the visceral depots drain directly into the liver. The excesdiegcul
FFAs appear to interfere with the action of insulin on the hepatic insulin receptass,
more insulin is required to overcome this resistant state if hepatic glucipeg i to be
inhibited by insulin. Excess fatty acids in skeletal muscle probably alstenetewith
insulin action in muscle tissue, an important site for glucose disposal. As mentioned

3



earlier, excess circulating FFA in the obese state may also contolngailin resistance
in the adipose tissue, leading to a viscous cycle of a relative decrease in Bkéamt
further exacerbation of insulin resistance. Ultimately, in some individudissevere
insulin resistance, as well as significant compromise of beta cell ma&s &unction,
insulin secretion is no longer sufficient to overcome the resistance in the pariphe
tissues. It is also at this point that hepatic glucose production, the main detémhina
fasting plasma glucose levels, begins to rise abnormalllye beta cell continues to
respond to the elevated plasma glucose which is now further exacerbatedrmyréase
in hepatic glucose output, but if the insulin resistance is not ameliorated by enwitahme
conditions or therapy the blood glucose concentrations in the fasted and/or postprandial
state will begin to increase beyond the normal range.

In the progression from normal to abnormally elevated blood glucose
concentration, fasting and glucose-stimulated plasma insulin levels remlaidug to
the insulin resistant stafelhis intermediate state between normoglycemia and frank
diabetes can be defined by a fasting blood glucose concentration of 100 to 125 mg/dL,
referred to as “impaired fasting glucose” (IFG). Alternatively, bldodase
concentrations of 140 to 199 mg/dL 2-hours post ingestion of 75 grams of glucose in
solution is referred to as “impaired glucose tolerance” (IGT). In the msigrefrom
IFG or IGT to type 2 diabetes the beta cell loses its ability to maintgnetsously high
rate of insulin secretion in response to glucose without some level of deterioration of
tissue sensitivity to insulif. Insulin secretion begins to decline as a function of beta cell
apoptosis / decreased beta cell mass and/or beta cell dysfunction leadicrg as ek

insulin output. This significant beta-cell compromise is an essentialddattype 2



diabetes pathology. Itis at this point in time that blood glucose concentraticasesre
further into the diabetic ranges»f26 mg/dL fasting, o200 mg/dL 2-hr following a
75 gram glucose load. Many insulin resistant individuals with IFG or IGT mpegeede
on to frank type 2 diabetes because their beta cells are able to maintain the
hyperinsulinemia indefinitely. It is therefore not surprising that recergtgestudies are
discovering polymorphisms relating to beta cell function that may diffetertiase with
type 2 diabetes from their non-diabetic peers.

In summary, the earliest detectable abnormality in type 2 diabetes
pathophysiology is decreased insulin sensitivity (insulin resistance) iretipheral
tissues; there is a compensatory increase in fasting and glucoséstd plasma insulin
secretion. Impaired fasting glucose and impaired glucose tolerance hoaydak to
continued exacerbation of insulin resistance for which beta cell insulin output cannot
entirely compensate.In essence, hyperinsulinemia precedes the development of type 2
diabetes and is a strong predictor of IGT and type 2 diabetes. However, it is only whe
beta cell mass or function is compromised and insulin levels therefore dectine tha
diabetic onset occurs.

Hypoinsulinemia and Type 2 Diabetes

Insulin deficiency alone, without tissue insulin resistance, can also legukta t
diabetes. When insulin secretion is impaired this can lead to high plasma gluetse le
Type 2 diabetes can manifest with this state even in the absence of insulamcesist
While there is some evidence that points to a specific genetic defect, thesgsE is

unknown? This state is differentiated from type 1 diabetes because it tends to happen



later in life and there is gradual beta cell compromise rather than abrupt &kbeta
cells early in life that is type 1 diabetes.
Causes of Impaired Insulin Secretion in Type 2 Diabetes

Multiple irregularities have been shown to contribute to impaired insulintsgcre
from the beta cells. There is evidence from twin stutitéas well as recent genome-
wide association studié&;* of a strong genetic basis for beta cell dysfunction.
Glucotoxicity, where the beta cell is exposed to chronic high glucose cataargrhas
been shown to lead to decreased insulin synthesis and settdiipotoxicity has also
been implicated. Short term exposure to increased circulating freedatsy(BFA)
stimulates insulin secretion, but chronic exposure to elevated FFA (typic#ile obese
insulin resistant phenotype) can set off a chain of pathways that involve inflammat
and oxidative stress, impairing beta cell function and promoting apop©#ti®r
pathogenic factors potentially involved include resistance to incretins (gut horthahes
trigger insulin secretion) and amylin deposits in beta cells,.

INSULIN RESISTANCE AND TYPE 2 DIABETES

Multiple lines of evidence support that the progression from normal to impaired
fasting glucose or impaired glucose tolerance is associated with theptaeel of
insulin resistance. In this state plasma insulin concentrations are incregaelless of
fasting or post meal states, the absolute insulin secretory rate is idcaaaseeta cell
sensitivity to glucose is reduced in lean and obese individuatiditionally, the ability
of glucose to stimulate its own uptake is also impaifed.

Insulin resistance occurs because there is not a normal insulin secesfyse

and normal tissue sensitivity to hyperinsulinemia and hyperglyceiansulin and



hyperglycemia promote glucose disposal through three tightly coupled menbah)s
suppression of endogenous (mostly hepatic) glucose production; 2) stimulation o glucos
uptake by the splanchnic (hepatic + Gl) tissues; and 3) stimulation of glucake bt
peripheral tissues- primarily muscle.

The liver produces glucose at a steady $tafais is essential to meet the needs
of the brain which uses glucose at a steady state, and accounts for 50-60% obsdl gluc
disposalt When carbohydrate is ingested, glucose is absorbed into the blood stream and
insulin is secreted into the portal vein where it is taken up by the liver and suppresse
glucose output. If the liver does not utilize the insulin properly it will continue to peoduc
glucose, so there will be two sources of glucose into the body, thus creatixapasive
fasting plasma glucose state.

The splanchnic tissues are largely insensitive to insulin in the basdl state.
However, after glucose ingestion hyperglycemia should enhance splanchogegluc
uptake but diminished uptake has been shown to contribute td [Tthe other hand
muscle is the major site of insulin-stimulated glucose disposal and apprdyiBae of
total body glucose insulin-dependent uptake occurs in skeletal mMtistisummary,
insulin resistance in muscle and liver is a characteristic feature o2 tyadbetes
mellitus. Overproduction of hepatic glucose is the primary determinant ofedevBG
while the efficiency of glucose uptake in muscles is diminished.

On the cellular level it is known that post binding defects in insulin action are
centrally responsible for insulin resistarfic&enerally, FFA/lipid oxidation levels are

increased when defects are observed and impaired glycogen synthesis appears t



represent the major pathway responsible for insulin resistance and is pagleint the
natural history of the disease.
RELATIONSHIP OF INSULIN SENSITIVITY AND SECRETION

Even in an insulin resistant state the majority of individuals will have normal
glucose tolerance because their pancreatic beta cells are able to céenpedsacrease
their insulin secretory rafe.However, what usually triggers type 2 diabetes is the
imbalance between insulin secretion and the severity of insulin resistancdiveitizad
muscle resulting in fasting hyperglycemia and significant glucose ratale.

Essentially, in the progression to type 2 diabetes from IGT there iseadedn insulin
secretion without any worsening of insulin resistance. There appears to dbéetancell
fatigue but not to the extent of diabetes onset.

In synopsis, insulin resistance usually occurs early and is prominently involved in
the natural history of type 2 diabetes. Diabetes manifests when the beteeihable to
appropriately increase secretion of insulin to compensate for the insuliamesisbr
when insulin secretion is critically impaired and even those with normal insulin

sensitivity may develop type 2 diabetes.



Diagnosis of Type 2 Diabetes

Diagnosis of diabetes mellitus is largely performed through clinieatioe and
relies mainly on measurement of blood glucose levels (whole blood or plasma). Given
that diabetes is a heterogeneous metabolic disease by nature, diagnosis radg be m
when one presents with hyperglycemic symptoms or without the presence of sgmptom
similar to the case with hypertension. Unfortunately, since the earBsstaghe disease
are often symptom-free with insidious onset, approximately 1/3 of existheg cae
thought to go undetected. Therefore, screening high risk individuals is an ongoing public
health challenge. The gold standard for diagnosis is using a random or 2 hour post
glucose load (75 gm ingested in solution) cutoftdt.1 mmol/L (200 mg/dL) as
diagnostic criteria® Although glycemic control is on a continuum, this cutoff is used
diagnostically because of pathophysiological significance as diabttiocpathy was
found in patients with plasma glucose levels above this pbfiitThis cutoff is also
thought to be the level at which insulin secretion from pancreatic beta caissta
decline®® A fasting plasma glucose test uses a cutoff valg& & mmol/L (126
mg/DL). To confirm diagnosis the test is repeated on a different day unlesssther
unequivocal hyperglycemia with acute metabolic decompensation or other obvious
symptoms™ The utilization of oral glucose tolerance tests (OGTT) is controVersia
they have been shown to have poor reproducibility in some inst&ht&spng with
inconvenience and cost to the pati&ntHowever, the same cut off levels of plasma
glucose are still applicable. Use of glycated hemoglobin levels (HbAl€) heen
suggested as only proper for screening purposes for digbétbAlc tests are less

sensitive than OGTT, have a higher cost and the standardization of lab techniqtiks are s
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developing® However, there has been much scientific and technological progress in this

area and HbA1lc tests may be used for diagnosing diabetes in the future.
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M anagement and Treatment of Type 2 Diabetes

The impact of type 2 diabetes economically and on morbidity and mortality is
enormous. In the United States alone, estimates from 2002 put the costs at apgyoximate
132 billion dollars in direct medical costs and indirect costs related to disanitity
mortality?® In theory, primary prevention should be the first goal for dealing with
diabetes given that it is highly preventable. Then again, this is easidnaaidone and
there is no cure for the disease, so effective treatment methods throughtestablis
avenues of diet, exercise, energy balance and drug treatment are the cacted pr
when individuals develop type 2 diabetes or are at very high risk for developing the
disease.

Dietary Management

Central to or accompanying the vast majority of treatment programdasydie
modification. A large body of evidence suggests individuals with type 2 diabletes w
adopt a prudent diet in line with the best advice will show improvement in the many
major metabolic abnormalities that present with the condition. Some experiknge a
enough improvement in glycemic control that they no longer need drug therapy or
insulin. The role of diet in managing diabetes generally has a few gaialseamajor
principles of the recommendations fall in line with general dietary recomriemnsiéor
health and for entire populations at higher risk of cardiovascular dSed@$e first aim
is to minimize short term glycemic fluctuation, the second is to reduce the rshkgof |
term complications by achieving optimal glycemic control and levels of blpat$land

the third is to prevent weight gain and if necessary lose a moderate amourgtdf wei

11



Highlights of specific recommendations from the most recent AmericantBgbe

Association nutrition guidelines includés

In the short-term (up to 1 year), either low-carbohydrate or low-fatggner
restricted diets may be effective for weight loss

Patients receiving low-carbohydrate diets should undergo monitoring of lipid
profiles, renal function, and protein intake (in patients with nephropathy), and
have adjustment of hypoglycemic therapy as needed

Primary prevention for individuals at high risk of developing type 2 diabetes
should include structured programs targeting lifestyle changes, withydietar
strategies of decreasing energy and dietary fat intakes. Goals should include
moderate weight loss (7% body weight), regular physical activity (150
minutes/week), dietary fiber intake of 14 g/1000 kcal, and whole grains
comprising half of total grain intake

Intake of low-glycemic index foods that are rich in fiber and other vital nutrients
should be encouraged, both for the general population and for those with diabetes
Secondary prevention, or controlling diabetes, should include a healthy dietary
pattern emphasizing carbohydrate from fruits, vegetables, whole grausds,
and low-fat milk

A key strategy for achieving glycemic control is to monitor carbohydnate
counting, exchanges, or experienced-based estimation

Use of glycemic index and load may be modestly beneficial vs. considering onl

total carbohydrate

12



- Saturated fat should be limited to less than 7% of total energyraarefat
should be minimized
- Protein should not be used to treat acute or prevent nighttime hypoglycemia and
high-protein diets are not recommended for weight loss
- If adults with diabetes choose to use alcohol, intake should be restricted to 1 drink
per day or less for women and 2 drinks per day or less for men and consumed
with food
Specific discussion of dietary factors and patterns in relation to type 2 diabé&iand
in a following section. Diet is of vital importance in management and achieviragydiet

goals usually requires intensive education and motivation of the diabetic patient.

Exercise

Exercise may be of high benefit to the diabetic patient by improving overall
glycemic control which would reduce risk of complications and mort&litixercise
exerts its potential benefits through multiple physiological pathways. uhtamental
mechanism is an improvement in insulin sensitiityrurther gains in reducing body fat
levels®® *!*blood pressurd' **and hypertriglyceridemi® **add to risk reduction of
complications and mortality. Most types of physical activity, includingiteisme
activities; recreational games; and high-performance, competjiives are appropriate
for individuals with diabete® Improved insulin sensitivity lasts 24-72 hours after each
bout of activity>® Thus, for optimal benefits and glucose regulation, activity should occur
regularly throughout the week. This improvement in insulin sensitivity is guaoied by
relief of overloaded beta cells and diminished plasma insulin [&/&serall, exercise

13



appears to stimulate hepatic glucose production, and a decrease in plasma insulin
concentration is essential since this glucose production varies with the shamgailin
levels. During exercise glucose uptake in the muscle varies inverselthevitate of
secretion and concentration of plasma instflifEven non-exhaustive non-endurance
activities enhance insulin action and this increase is incrementally lEdsn\aay
through daily endurance activity. The enhanced insulin secretion seen in acute exercise
is predominantly located in the recruited muscles, however, in chronic trairangsex
may also improve insulin action in extramuscular tissues by increasintichgipaose
storage capacity? Furthermore, a minimal level of physical activity is necessary to
maintain glucose homeostasis; adaptations in insulin secretion/action devedbp rapi
with habitual physical activity, but disappear in less than two weeks if gdaviels are
not upheld®® Additionally, though it is beyond the scope of this thesis, consideration and
discussion of the multiple complications, special precautions and other conditions tha
may accompany exercise in diabetics is necessary and done on an individuaitbasis
the treating physician.
Energy Balance/Weight Management

In overweight type 2 diabetics some prescription of decreased energy intake and
increased physical activity is usually advised. Clinically signifigagight reduction
should reduce insulin resistance and improve other abnormalities &3 \hlly the
individual will reduce their weight to the point considered desirable and reasamable i
discussion with the healthcare provider. However, this is a well establishzhgkal
regardless of one’s disease state. Therefore, the approach taken should depend upon the
requirements and characteristics of the pafier@besity is the strongest modifiable risk

14



factor for developing diabetes and for those who have the disease for prevention of
morbidity and mortality. In diabetics a highly individualized approach should be take
considering current medications and insulin, which can actually lead to weightayai
manage and lose weigft.
Drugs

Evidence suggests that type 2 diabetes is largely preventable through diet and
lifestyle approaches. Yet, drug treatment will be necessary for maingetelop the
disease in addition to intense dietary and exercise intervention or becauserttemiinn
was insufficient in achieving its goals. There are currently a varietyugls widely used
on the market that work to counteract the metabolic disturbances of diabetes and reduce
risk for micro and macrovascular complications. Individual discussion of the
recommended usage, effects, side effects and cost effectiveness is begmag¢hef
this dissertation; however a brief discussion of the major drug classes follows

Drugs that sensitize the body to insulin and/or control hepatic glucose production
include thiazolidinediones and biguanides. Drugs classes that stimulate insul
production in the pancreatic beta cells include sulfonylureas and meglitinidegs thati
slow the absorption of starches include alpha-glucosidase inhibitors. These are

prescribed separately and in combination therapy depending on the patient's needs.

Complications
Micro and macrovascular complications are the chief causes of morbidity and
mortality in diabetic patients. Evidence suggests that chronic hypergéytethe root
cause of diabetic complications, especially of the microvascular natinmjgth the
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exact mechanism is unknowh.Diabetes is the leading cause of microvascular
complications such as retinopathy that may lead to blindness, nephropathy thatdnmay lea
to end-stage renal disease, and neuropathy (along with peripheral vdsadae) that

may lead to non-traumatic amputation in developed courifri€ardiovascular disease

is the most common macrovascular complication followed by cerebro-vasedlar a
peripheral vascular disease in diabetics. Diabetes is an established indepskdent

factor for development of atherosclero¥isHowever, the causal link between
cardiovascular disease and hyperglycemia is not as strong relative evasarlar

disease, likely due to the multifactorial nature of the dis&aséonetheless, rigid

glycemic monitoring, management and control through diet, physical activityhivei

control and medication may significantly reduce one’s risk of serious connutisat
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Epidemioloqy of Type 2 diabetes

Type 2 diabetes is an epidemic of the lat8 20d early 2% centuries that
promises to challenge health-care systems as rates across theogliinge to increase.
In 2003 the International Diabetes Federation estimated 194 million people hadsliabet
globally and by 2025 approximately 333 million will have the diséaderevalence rates
vary by region according to genetic factors, lifestyle, affluence, wraaon and
mechanization. Data from the DECODE study show that the prevalence in Europe is
generally lower than other regions of the world as European rates arate49% in
people younger than 60 years of age and between 10-20% at 60-79 year¥ of age.
Comparatively, the most recent prevalence rates from 2005 in the UnitedeStatese
approximately 10% of people 20 and older have diabetes and approximately 21% of
people 60 and older have diabetesThere is some difference by sex and race/ethnicity
as 10.5% of men over 20 versus 8.8% of women have the disease in the U.S. and
Hispanic/Latino Americans are 1.7 times more likely, non-Hispanic Blaeks.& times
more likely, and American Indians/Alaska Natives are 2.2 times more lixélgve
diabetes compared to non-Hispanic Whife€lsewhere in North America the most
recent available data from Mexico estimate that over 30% of the populatio6®years
of age has diabetes and over 9% in the age range 20 -59 have thedigeddionally,
the disease is more prevalent in Mexican women where it is also the primaeyata
death in the country and th& drincipal cause of death in mé&nin South America
recent estimates from Brazil put the overall prevalence slightly ovef12%

Type 2 Diabetesin Asia and the Asian Paradox
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The increases observed in prevalence rates in Asia are troubling ashbimisst
populous area in the world, an area increasing in development and affluence, and has
already undergone vast changes demographically, epidemiologically and
socioeconomically* The diabetes epidemic is a major risk to drain the finite health care
resources in the region as public health measures have been slow {3 enact.
Additionally, the increases in rates in Asia are dramatic. In the US it bashggested
that the prevalence of type 2 diabetes mellitus has doubled from 4 to 8% over 4lfe last
years®® By contrast, the prevalence rates in China, India, Korea, Indonesia areh@hail
have all increased three to five fold over the past 30 Y&atdn Singapore the
prevalence in ethnic Chinese nearly doubled from 1984 (4.7%) to 1998 (8.0%) despite
low rates of obesity There is evidence this increase is occurring much quicker in areas
of China and India and in younger age grotif These increases observed in Asians
signify a major public health issue.

Asians appear to be more susceptible to the disease and develop it at a lower body
mass index (BMI) and younger age when compared to western popufatiottsubling
sign given the increase in rates of obesity in many parts of‘A6inically, this may be
explained by the relatively high proportion of body fat and abdominal fat in Asians
compared to white populatio¥>’ This characteristic may make Asians more inclined
to develop insulin resistanée.Another troubling factor more pronounced in Asians
relates to insulin secretion dysfunctiofis’In part due to the accumulating clinical and
mechanistic evidence for differences in body composition between Southeast &sd
other groups, as well as epidemiologic data suggesting that Southeast Asianséape a s
increase in risk of diabetes at relatively low levels of adiposity based urageent of
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the body mass index or waist circumference, the World Health Organizasion ha
recommended lower thresholds of BMI in Asians in order to identify those who may be
at high risk®® However, the scientific basis for setting separate thresholds for ditgase
across race-ethnicity, based on body mass index and waist circumferentiesies to
be a matter of scientific debate®® 2 Certainly data from the Singapore Chinese Health
Study has a strong potential to contribute to our understanding of this topic.
Risk Factors

The rapid increase of type 2 diabetes rates in recent decades has |letieeséar
believe that environmental factors, rather than genetics, are respdosibie epidemic.
Risk factors for the development of insulin resistance and pancreatic betgstetiction
include many lifestyle factors such as physical inactivity and a multitudietafry
factors. Exercise and diet are known to have important direct effects on insulin
sensitivity and insulin secretion, as well as having indirect effects thimaah
composition, weight gain, and obesity. Multi-factorial intervention trials hiaoens that
diabetes is preventable. On the other hand, numerous epidemiologic studies have
contributed to the understanding of risk factors and have helped discern multiple
individual factors. The following is a brief summary of prospective epidemiottageac
and the main intervention trials on the topic.

Obesity is considered the strongest, modifiable risk factor for diabetss
topic has received thorough investigation to the point where meta-analysesrzimgma
the topic across study design and ethnicity have been perf6fn8mme of the
prominent and recent results related to the topic have been found in the Nurses’ Health
Study where the relative risks for women in the second class of obesity>(B&0
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kg/m?) were 38.8 (95% Cl, 31.9-47.2) compared to those with a of BMI < 23.GRy/m
This study also found that 61% (95% CI, 58%-64%) of type 2 diabetes cases were
attributed to overweight or obesity when using BM25.0 kg/n3.°® In our preliminary
studies of the Singapore Chinese Health Study a similar and strong patseiouwd as
risk increased as BMI increased in a dose response pattern and risk staetesingacat
BMI’s considered lean and normal when using WHO guidelines for Asians for
overweight and obesity. In this study, participants in fAel€cile of BMI (18.8-20.2
kg/m?), mean 19.6 kg/fhad a hazard ratio (HR) of 1.70 (95% CI = 1.20-2.42) compared
to participants in the first decile of BMI (<18.8 kd)m

Central adiposity or abdominal obesity assessed indirectly by waistnéerence
and waist-to-hip ratio has been observed to portend increased risk of type 2 diabetes
independent of BMI in numerous studfé§® Weight gain is also associated with a
substantial increased risk of incident type 2 diabetes, even at moderate kefmisdan
two cohorts in the United Stat&s’°

Physical activity is another risk factor with established, strong eved®ndts
role in relation to type 2 diabetes. Physical activity is thought to be bahéicause of
its clear role in weight maintenance and studies suggesting that even mptgsatal
activity improves insulin sensitivit{" The direct effects were discussed earlier and its
important to note that physical activity may have effects indirectly girahanges in
body composition and obesityExtensive evidence from prospective epidemiological
studies has shown that increased walking, moderate and strenuous physicalisctivity
associated with reduced risk of developing type 2 diabetes independent vé edaty
weight® "*"®Similar associations have been observed in the Singapore Chinese cohort
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in men but not women. However, overall levels of reported physical activity aréover
in the cohort, especially in women.

The literature on dietary factors and their association with type 2 diabete
extensive and includes multiple well established risk factors along witlpreutewer
potential risk factors and some prospective data on specific nutrients. Anextens
review is beyond the scope of this thesis, so a focus on selected, large, methodplogicall
strong, prospective cohort studies makes up the extent of this review.

Dietary fat as a risk factor has received serious research effiartgh
investigation in animal studies, clinical feeding studies and epidemiologick¢s.

Dietary fat is of particular interest as it may act through the developrhebgsity if
consumed at high levels, as it is energetically dense, or through promoting insulin
resistance through direct pathways. However, recent prospective studiésuma/ao
association between total dietary fat intake and risk of type 2 did&tesloreover,

specific types of dietary fat appear to be much more important than the totaigat. H
polyunsaturated fat intake was found to be inversely associated with dialdeteghise

large studied” 2% #Conversely, a positive association between trans-fat and diabetes risk
was observed in the Nurses’ Health Stfyaut not in the lowa Women'’s Health

Study’ or Health Professionals Follow-Up Stutly.

High fiber diets have been studied as a preventative risk factor for type fediabe
across multiple prospective studies. In four large prospective cohorts acaignifi
inverse association between high intake of dietary fiber and incident typkee?adiavas
found’® 82 83These studies also found that cereal (grain) fiber displayed a stronger
association than fruit and vegetable fiber. A related topic of research hatd®deele oOf
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whole grains in relation to type 2 diabetes risk. Meyer &f atported an inverse
association with high levels of whole grain intake and type 2 diabetes riskeathhee
other recent large prospective studfe®

Carbohydrate quality defined by glycemic index or load; a measurecaigiy
response due to the amount and type of carbohydrate ingested has recently been
investigated as a potential risk factor in large epidemiologic studies.iniegs of
glycemic load in relation to type 2 diabetes are mixed to date, with two stundiiesy an
increased risk of type 2 diabetes in the highest quantile vs. lowest quantileeshiglyc

d,”® “and two studies finding null associatioffs®?

loa
Currently, there is developing literature on coffee consumption, sugar swketene
beverages, meat and processed meat consumption among other individual foods. A meta-
analysis and systematic review of epidemiological evidence provides soppart
inverse association of higher levels of coffee drinking with type 2 diabete&risk.
Findings from the Singapore Chinese Health Study were very similar to tis efshis
systematic review. Additionally, results from the Singapore Chinesehtsatty also
indicate an increased risk of diabetes with relative higher levels adraoit
consumption, in line with the Nurses’ Health Std@pdditional well done prospective
epidemiological and clinical studies are needed to continue to understand how dietary
factors relate to type 2 diabetes risk.
Smoking and alcohol consumption are general risk factors with essentially all
chronic diseases, however their association with type 2 diabetes geneesliyal
receive the same attention as the aforementioned risk factors and dgitdagtors even
though strong and consistent evidence is present in the literature. A receanalgsss
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of active smoking and type 2 diabetes risk of 25 different prospective cohort studies
found that former smokers, low to moderate smokers and active smokers all had
significantly increased risk of type 2 diabetes in a dose-response amker.
abundance of prospective cohort studies have also found an U-shaped association with
moderate alcohol consumption as 1-3 drinks a day has been consistently assaitiated wi
lower incidence of diabetes compared with abstinence or occasional alcohol
consumptiorf* %
I ntervention Studies

The preventability of type 2 diabetes by lifestyle changes has been demeahstra
in three different randomized controlled trials as well as a feasibilibyddstration
project. As mentioned earlier, lifestyle change is central to thegearent of diabetes
once diagnosed and also focuses on key physiologic components of the disease such as
insulin sensitivity and weight loss. Additionally, diabetes usually has a gbetd stage
that is extended and identifiable by simple diagnostic tests making safty|dife
interventions a practical approach.

In a feasibility study in Malmo, Swedé&hof 415 men between ages 47-49 who
had progressed to different stages in the natural history of diabetes wesndomly
assigned to lifestyle intervention or usual care groups. The lifestylgentean focused
on weight control through prudent dietary advice and increased physical detreity.
In men with impaired glucose tolerance, 10.6% in the lifestyle interventoupg
developed type 2 diabetes vs. 28.6% in the usual care group after six years of follow up.

The Da Qing prevention trial of 577 individuals with impaired glucose tolerance
in the industrial city of Da Qing in northern Chitfaandomized participants to a control
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group or one of three intervention groups (diet, physical activity, diet + phystoatyg

by clinic. The dietary group was prescribed and made goals to limit caltaike based

on BMI (kg/nT) as well as specific consumption goals of cereal fiber, vegetables, meat,
dairy and oil intake. The exercise group was encouraged to increaseitheg time
physical activity. Participants received individual counseling from piaysand

sessions in small groups. All three intervention groups significantly decrédaes
progression to diabetes, as the control group had 68% of its members develop incident
diabetes. The intervention groups all reduced risk by 31% (diet) to 42% (dietcisexer
and 46% (exercise) although there was no significant difference betweerethiention
groups.

In the Finnish Diabetes Prevention Stdd$22 participants with impaired
glucose tolerance were randomized to either a control group of usual carestykeli
intervention focusing on advice on reducing weight, increasing exercise aricbh die
whole grains, fruit and vegetables, low fat dairy and meat products and benetigial fat
acids. This trial was stopped early as the results showed that after 8.&hgaars of
follow up the intervention group had a 58% lower incidence of diabetes compared to the
control group.

The largest prevention trial is the Diabetes Prevention Program (B3R#ijch
enrolled 3,234 participants with impaired glucose tolerance in the United State
randomized them to either intensive lifestyle modification, metformin thextpy
standard care in respect to lifestyle advice, troglitazone with standarthaaspect to
lifestyle advice and placebo with standard care in respect to lifestyleeadvie
intensive lifestyle group had a 58% lower incidence of diabetes compared to tloé contr
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group and was more effective than the metformin group. The troglitazone group was
discontinued due to safety concerns.

As demonstrated in these studies, prevention is key and attainable in populations
and individuals. Also important is that these studies also demonstrated improvement of
cardiovascular risk factors, a major cause of morbidity and mortality in diabkeéistly,
analyses from the DPP trial found that the lifestyle intervention was rosteftective
in the short and long term perspective compared to drug treat&hts may be
especially important to developing Asian countries where diabetes incidahce a
prevalence is increasing in line with economic development and the developingiepidem

may likely hinder this development in the future.
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Chapter 2: Etiology of Obesity and Weight Change

Fundamentally and simply put, obesity is thought to stem from an imbalance in
energy; that is energy intake exceeds energy expenditure. Further devéiapidga is
that obesity is a physiological response, especially by geneticaltgstible individuals,
to an environment that supports sedentary lifestyles and promotes overconsumption of
poor quality food. In an obese state an individual is at a significantly increskédarri
multiple chronic diseasés. This is especially true for type 2 diabetes where obesity is
the strongest modifiable risk factSfWeight gain and obesity occur in this state. Central
to understanding weight change and obesity are the components of energyibalance
humans. What follows is a succinct overview of the components of energy balance and
mainly of energy expenditure.

Components of Energy Expenditure

Energy expenditure is divided into a few different components. This division is
important as abnormal energy expenditure can then be ascribed to a combination of
subcomponent® Resting metabolic rate is the rate of energy expenditure under
standardized conditions; at complete rest, in the morning, after sleep in a posiabsorpt
state, essentially in comfortable environmental conditibfi$iis rate includes the
functioning of organs, skeletal muscle, adipose ti€¥ukhis represents 60-75% of total
energy expenditure, declines with age, and is lower in wofhéncentral component of
the basal metabolic rate is determined by the level of fat-free¥h&Burthermore,

exercise can maintain and potentially raise the basal metabolf€ rat&ody size
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explains the majority of the variation in energy in low physical activétestas the
amount of lean body mass is the main source of variaflity.

Another sub-component of energy expenditure is physical activity. This
encompasses planned activity and non-planned activity as well as noneaetsity
thermogenesis (NEATF® Physical activity accounts for 5-40% of total energy
expenditure depending on actual activity level and is the largest sourceatilitsrin
energy balanc® * Thermogenic effect of food and adaptive thermogenesis comprise the
last sub-component of energy expenditure. Thermogenic effect of food is the maetabol
cost of digestion, absorption and storage of food, varies to an extent with the source of
energy and is about 8-10% of enet§yAdaptive thermogenesis has different meanings
to different researchers but is generally thought of as the ability of andadib
conserve or expend energy in response to variable intake of food or temp&rature.

Implications of a positive energy balance leading to weight gain and obesity in
Asians have gained notice and importance as an obesity and diabetes epidersimocc
this ethnic groud” Typically obesity has been measured using body mass index but
research has shown that applying standards developed in European/White populations is
likely not appropriate for Asian populations as they develop diabetes and cardiavasc
diseases at much lower levels of BMI compared to WHt&5.2% Therefore, measures
of adiposity such as waist circumference and lipid profiles and glucose should be
monitored closely and may better represent Asians for risk of chronic eBsedated to
obesity®

Literature Review of Asian Studies
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Asians constitute the largest percentage of the global population. From a public
health standpoint obesity is a current topic of importance as populous nations such as
China and India, as well as elsewhere in the continent, are experiencing regdidrstbc
economic changes leading to changes in diet and physical activity.sTfisancern as
this transition is leading to a higher prevalence of overweight and obesdly ista
major risk factor for many of the chronic diseases that manifest doamstr€here is a
scarce amount of research published to date on the predictors, risk factors agy etiolo
weight change in an Asian population. What follows is a review of relevardtlite.

Bell et al'® studied and described the 8 year weight change, especially gain, and
baseline characteristics of a cohort of 2,488 Chinese adults, aged 20-45 from seven
provinces in the Chinese Health and Nutrition Survey. Participants were delsictg a
multi-stage, random cluster sampling process and the overall responsas&@%u All
data were collected by health workers administering surveys and height ghd weie
measured using a standardized protocol. Dietary data were collecte@4i$iogr recalls
over three consecutive days. BMI (kgjnwas calculated from the measured weights and
heights in 1989 and 1997. Participants who did not have height and weight data from
these two points were excluded.

The investigators stratified by gender, chi square tests were used to eompar
weight change from baseline and eight years later and linear liegress used to
model exposures (dietary, physical activity, work activity, lifestgte.) in the prediction
of weight change as a continuous variable. Four exclusive weight changeriestevere
formed based on weight change: Loss (mean -4.8 kg), stable (mean 0.1 kg), moderate
gain (mean 3.6 kg) and large gain (mean 8.5 kg). Relative risks were tealaisdang
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multiple logistic regression to determine which variables were importantpesiof
weight loss, moderate and large weight gain using the referent categegighs stable.

Main results included that the mean BMI increased from 21.5%g/22.4
kg/m?, and men who were taller, were not as active and more educated were predictive of
weight gain over eight years. A similar pattern was observed in women exedygher
educated group was predictive of weight loss. Little to no activity at worlalsas
predictive of subsequent weight gain. Alcohol consumption as a behavior was also a risk
factor for weight gain in men. Strengths of this study include the stanednigasures
of weight and height over time and detailed collection of other important data.
Limitations include the moderate sample size and the investigators fourtbathey
collected a somewhat biased sample. Additionally, they did not assess chseagedi
so they did not control for them in the analysis. This is potentially highly probtemati
given the pathogenesis of many chronic diseases and aging. Furthermorepthe use
three, 24 hour dietary recalls on consecutive days is a strength in collecting enoug
dietary data, however there are multiple weaknesses potentially involved wetteoliff
biases of using this method and the use of consecutivetays.

In another prospective study utilizing the same national study as above cimanges
diet and physical activity were examined in relation to body mass index in €hines
adults’®® This study assessed 3,484 Chinese adults from 2,050 households, aged 20-45 at
baseline using data from the first and second China Health and Nutrition Studytednduc
in 1989 and 1991. Dietary data were collected using 3 consecutive 24 hour recalls.
Anthropometric data were collected by measurements and physical adétatywere
collected on occupation activity level, whereas no leisure or sport activ@ywdae
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assessed. The investigators make the strong but questionable assumption that work
activity level was an adequate proxy for leisure and sport activity.

The investigators were largely interested in how dietary fat may afféGtdsd
they partitioned energy intake into fat/non-fat categories in multblarenalyses. To
look a the cross-sectional relationship between baseline BMI and dietarynmiétkde
regression analysis was used adjusting for biological and socioeconotuis fac the
whole study and stratified by sex. The prospective analysis of diet and BMI fised a
effects model that focuses on the change in the dependent variable (BMI) onreati
the changes in explanatory variables (diet and physical activity).

This study found that women, urban residents, non-smokers, and those with
sedentary activity levels generally had a higher BMI than the réseaample. In the
cross-sectional analysis total energy intake was associated with Bighand total fat
intake was associated with higher BMI's in men. Additionally, an urban residage
and significant household assets were also associated positively with highgr BM
Household assets were defined as electrical appliances, livestock, faquipgient, etc.
Education level was inversely associated with BMI, as was a highedrakphysical
activity. The longitudinal analysis found that increasing physical actewsi$ were
associated with a lowering of BMI and sedentary activity levels wssecated with a
higher BMI. The multiple regression model found no association between any dietar
factors and change in BMI while the fixed effects model found that change inafe int
in men was significant, albeit the mean change was miniscule (mean 02 K§/h.6)
and insignificant using the prior mentioned analysis method. The authors focused on the
contribution of fat intake in relation to change in BMI and went to great lebhgths
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validate this assertion in their discussion and in their presentation of this.retu
conclusions by the authors are strong and overstated in some instances givethals m
of data collection of dietary intake and the assumption regarding physieélyadbng
with the short time span and the very slight mean changes in all variablesedtinte
Thus, there are some major limitations which the authors do address such as how
multiple dietary assessments improve the within-person error and givieiadsimate.
Consideration of a cross-sectional assessment and temporality wavaisagiwell as
incomplete physical activity data. A point that would contribute to the inteprgta

and discussion of this paper would be the inclusion of the actual other dietary
components as these were not named. Indeed, fat intake is correlated with many othe
food groups, fiber, carbohydrate and total energy.

One other prospective study examining the etiology of obesity in an Asian
population was conducted by Hodge et’@lin Mauritius, an island country of mainly
Indian peoples (70 %), Chinese (2.1%) and mixed ancestry (27.9%) a national survey of
non-communicable diseases was administered in 1987 and then followed up in 1992.
The aim of the study was to assess prevalence of overweight, obesity and abdominal
obesity and examine the incidence of obesity and the factors associat@eigit gain
in those who participated in both surveys (n=3,667). Height, weight, waist and hip
circumferences were measured in each survey using standardized methostscabtati
analyses looking at changes in BMI, WHR with physiological, behavioral and
socioeconomic factors used one-way and multivariate ANOVA. For incidence of

overweight, baseline BMI was divided into categories of < 22, 22-25 and > 25 kg/m
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Additionally, WHO guidelines of overweight (BMI > 25 < 30 kdjrand obesity (BMI >
30 kg/nf) were used to define overweight and obesity.

The investigators observed a significant change in levels of overweight and
obesity as they increased from 26.2% to 35.7% in men and from 37.9% to 47.7% in
women. In univariate and multivariate analyses, being younger with a lowewB#/
strong predictor of the largest weight gain and incident “overweight” or “obesity”
Glucose tolerance status, as determined by an oral glucose tolesr{CEX€T),
strongly predicted changes also. Diabetics at baseline lost the most avelgidn-
diabetics gained the most weight. The association of income and education were
inconsistent with no statistically significant trends across groups. Mudtigaanalyses
displayed similar trends to the univariate analyses. Overall, women showésf gre
weight gain than men. Strengths of the study include the standardized measures and
assessment of diabetes and glucose levels as well as the high level otifo([68¢0).
Investigators were able to successfully track trends in abdominal and ovesit ainel
gain insight into the etiology of weight gain in relation to quitting smoking and bagomi
diabetic. They were able to parse out, because of these specific measuréatemisstt
of the weight loss in participants with diabetes was due to poor glycemic ceititwed r
than successful interventions. Additionally, this also allowed them to determine the
majority of participants who gained weight remained non-diabetic or developetkdiabe
during follow up. Limitations include the lack of description on how leisure time glysic
activity was assessed along with level of work activity. Also, age showhtyhi

significant trends but little description of factors by age group was included.
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Given the sparse amount of prospective data relating to Asians, any published
cross-sectional data, even with its inherent weaknesses may be inforomtie topic.
What follows is a discussion of the couple of studies in this category. HUt%tabked
at urban Chinese adults in the Tianjin project, a project of prevention and control of
chronic diseases with participants assessed with two independent crazsassativeys
in 1989 and 1992 of 2,631 participants ages 25-64 and selected by random stratified
cluster sampling. Participants had dietary habits surveyed by 3 day food reitbrds w
weighing at home of all food materials and then estimating portion sizes corside
number of people in the household and dish sizes. Height and weight were measured
using a standardized procedure and physical activity was assessed through a
guestionnaire that included occupational, commuting and leisure time physi&y.ac
ANOVA with adjustments was used to determine differences betweenyd&téors in
overweight vs. normal weight participants. The association between weight and risk
factors, dietary and non-dietary were calculated using logistic signesThe surveys
were combined because the investigators did not find any significant diffelestvecen
main measures of diet, activity or demographic variables.

The study found that the overweight group (BMI>25, n=888) were older, reported
less commuting activity, less education and higher income and marriage [Ekels
also consumed significantly more energy and subcomponents (carbohydrateyfabe
normal weight group (BMI<25, n=1,743). In the logistic regression models the authors
found that for every 100/kcal increase in energy consumption the odds ratio of being
overweight was 1.04; 95% CIl = 1.02, 1.06 compared to normal weight after adjustment
for age, demographic and time variables. Non-dietary factors retateetweight
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included being married, OR=3.70: 95% CI = 2.23, 6.12 compared to non-married
participants after full adjustment for potential confounders. Smoking wasassbci
inversely with overweight. Commuting for greater than 30 minutes by foot or 15 minutes
by bicycle to work was inversely associated with overweight in both men and women
(OR=0.48; 95% CI1 0.31, 0.76 in men). Leisure time activity was not associated with
overweight status nor was income or education. Strengths of this study include the
measurement of height and weight and sophisticated attempt at colleetary diata. It
also appears to be one of the first studies to address this question in an urban Asian
population. There are also limits in respect to dietary collection in respecthimtes
related to food records and the estimation methods that required major assutofdi®mns
met for validity. Additionally, similar results to the 100/kcal energy wepented for fat
and carbohydrate and arbitrary increases in each were chosen and found tabésimil
their association with overweight. However, these variables are likely raghiglated
with energy and disentangling what these results mean in this smatfiplesaf a cross-
sectional nature, without actual correlation coefficients reported isynegubssible.
Another cross sectional study utilizing more advanced dietary data collection
methods, body composition assessment and physical activity was completed in 130 urban
residing, Chinese men and women aged 35*4Barticipants were selected for
enrollment in the study from a screening interview assessing, medical hesiting
habits and activity related to work, transportation, household items and leisure time
Participants who were in the upper and lower thirds of estimated activity iandtes
dietary fat intake were eligible and were chosen in this manner to broadengeeof
intakes. Approximately more than half of the participants used doubly labeladfevate
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the study to look at energy expenditure. Physical activity was measured dtywey a
monitor and motion detector on their bike. Dietary data was collected on 3 diffaysnt d
(1 weekend day). Participants were instructed to maintain normal diet agtu foeds
whenever possible at home and when away from home estimate the size of thediood eat
if they did not have their scale to weigh it. Detailed methods of weighing amdlireg
food occurred. The study utilized the Chinese food composition table of nutrient contents
of prepared dishes. Body composition was determined by the 3 compartment model. In
the analyses differences between sexes were examined using indepengént &zsts.
Stepwise multiple regression with general linear model analysis ainariwas
performed to examine the associations of physical activity and dietarplearia

The main findings were that dietary variety and frequency of eating atirasts
were positively associated with body fatness. Dietary fat and energiydeese not
associated with body fatness. Strengths of the study include the validated and mor
precise methods of assessment of diet and activity along with energy edxpeadd
body composition. Limits include the generalizability to the regular Chinese piopula
as the characteristics of the study population were not alike in fat intakes a&nd wer
selected non-randomly. Additionally, there was no way to assess long timerexaes
the study was cross-sectional.

No studies on Asian populations and only a few previous studies have examined
the association between dietary patterns and a measure of weight tfiatgm a
smaller population from the Baltimore longitudinal study of aging with a wideauge
a dietary pattern rich in lower fat dairy and high fiber foods was associated wialler
gains in BMI and waist circumference and a diet rich in sweets, fast foodabksgeand
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dairy was associated with an increased gain of waist circumfel®htksing an
alternative approach to defining the dietary patterns produced a simdaragies in the
same cohort!® This study used 7 day food records and then grouped foods before
deriving the dietary patterns. Further, this study was small (n=459) andfocahgroup
variables were factorially complex, that is, multiple variables loadedglly on different
factors making interpretation of that factor and variable less clearstudg of Danish
citizens aged 30-60 a 26 item FFQ was used to assess diet and factors wetdyerive
sex. No prospective association was found between the factors and BMI or’Weight.
Discussion and interpretation of this study is limited by the apparent undargiitty
of this study to adequately assess diet with the short FFQ. The Nursek’ Gledly
similarly examined this question and is the largest study to date and alsdldo
account for changes in dietary pattern over tifieThe prudent pattern in this study was
similarly high to the VFS dietary pattern in vegetables, fruit and fish, butaas high in
whole grains, an aspect lacking in the Singapore Chinese Health study. Tdng die
pattern may be the best for weight maintenance as well. The western pidtary,
which was rich in meats, refined grains, desserts and soft drinks, appeared to eontribut
to long term weight gain. This pattern had some similarities to the DSMrpatte
predicting greater weight gain and that it was rich in energy dense foods, reéaed
grains, and lower in fiber and whole grains. We are not aware of other studies
investigating dietary patterns and risk of future obesity.

Only a few other studies have examined the association between fast food and
weight gain in adult™***® After adjustment for many potential confounders Pereira et
al. found a significant and direct association with increase in body weight aedsimg
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fast food consumption in the CARDIA study focusing on young adtfitslsing the
same base study and comparing restaurant and fast food intake Duffep@tcia f
significant and slight increase in BMI with higher consumption of fast f6bth
another cohort based in Spain of more middle aged participants, increased consumption
of hamburgers, pizza and sausages was associated with a significant bunalkgse in
the odds of becoming overweight over tifie.We observed similar results to these
studies as with each increase in frequency of fast food we observed an intreaaa
weight gain over time after adjustment for numerous potential demographty)difesd
dietary confounders. We also found that soft drinks appear to increase weight gain
beyond the consumption of fast food. There are many different variables- pbigsiblo
behavioral, contextual and metabolic that should be considered in interpretation of this
further weight gain potentially due to soft drinks. Indeed, evidence is continuinddo bui
on this topict*® Y

Excess weight is now generally considered a major risk factor for aoange
chronic diseases. Prevalence of overweight and obesity continue to rise indA\tia a
chronic diseases that seem to follow have increased rates also. Understanding t
specific variables and factors that are strongly predictive of weighirgthis population
will help to develop more efficient public health approaches as the East continues t
adapt “Western” habits. Indeed, the literature on Asians and weight changstsulge
dietary habits that lend themselves to increased energy intake and plotsrazlfzabits
of less activity tend to predict weight gain. The Singapore Chinese Headiy I&ts the
potential to provide data above and beyond the current literature related to Aspams a
study on dietary patterns, western fast food, weight gain and obesity mayepaaviore
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complete picture of diet populations can identify with, as well as touching oarwéast
food, a topic of potential importance and easily transferable to a simple pulitic hea

message.
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Chapter 3: Dietary Patterns and Risk of Type 2 diabetes

The majority of dietary research in relation to developmenyps 2 diabetes, and
other chronic diseases, has focused on individual nutrients or food itéomgever, this
approach has a number of weaknesses if not interpreted in the schetheetdted
research on the specific topi€. People eat combinations of foods rather than single
foods or nutrients in isolatiolt> *?° Given the lack of precision of how nutrients are
calculated from observational studiésis well as that we still have much to learn on the
actual role of many individual foods and the nutrients within thers,dapproach may be
confounded by the effects of dietary pattefis.Since people consume a mixed diet,
with mixed meals having potential for interactions between foods anémtstrthe effect
of the overall diet on health outcomes may best be studied withydpeitiern analyses
that take into account the entire spectrum of food intake and therafoyebegin to
identify possible synergistic effects among foods and nutrients on health outcomes.

Analysis of dietary patterns is becoming more common for sigddietary
associations with healfi® Approaches used include factor analysis, cluster analysis,
reduced rank regression and creating dietary indices. Factodumter @analysis are a
posteriori methods driven by the data at hand. Reduced rank regrisssianix of a
priori and a posteriori where a linear combination of predictor @sa(diet) accounts
for as much variation in response variables (intermediate biorsarkerpossible. The

pattern developed in RRR is then analyzed in relation to the endporeatidd of a
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dietary index is generally used to describe an idealfdredisease prevention based on
available evidence.

Review of specific studies

Van Dam et at?looked at dietary patterns in the Health Professionals Follow up
Study of 51,529 male health professionals (dentists, veterinarians, pharmacists,
optometrists, osteopathic physicians and podiatrists) from all 50 statesvadiassessed
by a 131 item FFQ using frequencies of intake from never to 6+ a day and commonly
used unit and portion size with intakes averaged over time. Thirty-seven predefided f
groups were developed using similar nutrient profiles and culinary useeagacrit
Exclusions for the analysis included baseline chronic disease, as these diagryoses m
affect diet or reporting of diet, as well as excluding those who did not fully repbrt die
The final sample was 42,504 men followed for 12 years. The data were analyzed using
principal components analysis (factor analysis) using SAS with varimiépogamal)
rotation. They retained two factors based upon eigenvalues, scree test and the
interpretability of the derived factors and named them “prudent” pattern aesiemn”
pattern. However, the exact eigenvalues of the factors and scree testgaaneell as
“interpretability” were not defined in the paper.

The authors reported calculating each factor score by summing the staediardi
intake of foods using servings/day as the standardized measure. The patterns we
divided into quintiles. The validity of the patterns was assessed by examimnibgraig
of 127 participants and the Pearson correlation coefficient was found to be 0.52 for the
prudent pattern and 0.74 for the western pattern. The investigators used pooled logistic
regression analyses with 2 year intervals, a technique similar to Coxtpnpbhazards
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analyses. Models included the covariates BMI, age, time period, total entigy i
physical activity, smoking, alcohol, ancestry, hypercholesterolemiarteyiseon, and
family history of type 2 diabetes. Energy adjustment was done to further reduce
extraneous variation or confounding due to variation in body size, physical activity,
metabolic efficiency, or over/under reporting, and used the residual method of energ
adjustment.[88] The prudent pattern was characterized by high consumption of
vegetables, fruit, whole grains, fish and poultry, and the western pattern was
characterized by high consumption of red meat, refined grains, French friesthigh f
dairy products, sweets and desserts, high sugar drinks and eggs.

The results did not specify the total amount of variance explained by botmgatter
and nonspecific parameters for retaining the factors were also not given.
Furthermore the investigators report the prudent pattern as being modestiaizsl
with reduced risk in the'vs. £ quintile RR=0.84, 95% CI; 0.70-1.00, however the p
value for trend was 0.2 and the only quintile that was significant (Cl without 1.0 in it)
was the 2 quintile, a group with the lowest score on this pattern. RR=0.77, 0.65-0.92.
The western pattern was significantly associated with increededaross quintiles and
became more strongly associated when stratified on the basis of lowyatiibbesity.
The authors did complete multiple sensitivity analyses in regard to diatsdtesand
choices in retaining factors. They found similar patterns when using individual foods
rather than groups and by retaining three factors instead of two, also usingjae obli
instead of orthogonal rotation.

Fung et al*

examined the association of dietary patterns with the incidence of
type 2 diabetes in the Nurses’ Health Study. The original sample forutlisvgas
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116,000 women nurses in 11 states starting in 1976. Dietary assessment began in 1980
and occurred in 1984, 1986, 1990 and 1994. The 1984 FFQ was considered baseline as it
was a more extensive version. Anyone with a baseline chronic disease wae@xad

were those who did not adequately fill out the FFQ. Follow up included 69,554 women
up to 14 years (1998). Cumulative averages over time were used in calculating intakes
Foods from the 116 item FFQ were classified into 36-38 food groups based on nutrient
profiles and culinary usage. Foods that did not fit into any of the groups or may have
represented distinct patterns were left as individual categories. Vitaminsinerals

were adjusted for in the analysis but were not included in the development of food
groups. Diabetes was validated by a questionnaire on symptoms, diagnostic tests and
treatments.

Dietary patterns were generated by factor analysis and orthogoutalied.
Eigenvalues > 1.0 were used to retain patterns along with a scree plot test for
interpretability. The factor scores were calculated by summing ste#lkieod groups
giving each participant a factor score. Cox proportional hazards models wér® us
examine the association between major dietary patterns and diabetes uskm&dfs
for age, family history of diabetes, history of hypercholesterolemia, simokormone
therapy, energy intake, hypertension, physical activity, alcohol, and BMtreckc

The investigators characterized two patterns- a prudent pattern chiaegachsr
higher intake of fruits, vegetables, whole grains, fish and poultry and low fat dairy
products and a western pattern characterized by higher intakes of red andegdrocess
meats, refined grains, sweets and desserts and high fat dairy products. Patierns w
derived from the standard of each food group as servings/day. No beverages loaded or
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potentially were not reported in the loading of individual components of each pattern,
although it was noted they were included as individual food groups.

The results showed increasing risks across quintiles of the “westermhattba
decreasing risk in thd%3quintile of the “prudent” pattern compared to the first quintile
and non-significant but suggestive inverse risks in thent! &' quintiles. The only
significant data for the prudent pattern was found in a sensitivity analysisyof onl
symptomatic cases. Strengths of the study include the use of repeated @ssestm
exposure over time, an attribute that separates it from essentially allaogesr
prospective cohorts. The homogeneous population by work status would seem to make
the results generalizable to women with similar educations, but limited oteerwis
Limitations include the lack of reporting of total amount of variation explaineddsgth
two factors along with some other steps in the decision process of illuminateg the
factors. For example, we do not know if they attempted sensitivity analyses on the
number of factors or the extent of which other factors may be involved in this population.
Additionally, the authors may have overstated the benefits they believe to be faund fr
a “prudent” dietary pattern in relation to incident type 2 diabetes as somer aésugts
are suggestive but there is no consistency or trend across the prudent patterredf reduc
risk until a sensitivity analysis of symptomatic cases is considered.ugovibe results
for the western pattern do not materially change in this analysis.

Montonen et at** examined dietary patterns and risk of incident type 2 diabetes
in 4,304 Finnish participants, aged 40-69, free of diabetes between 1967 and 1972 who
participated in the Finnish Mobile Clinic Health Examination Survey. Dietady a
lifestyle habits were surveyed at baseline. A glucose tolerartagassadministered at
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baseline to determine prevalent cases. Habitual diet over the previousagaaeasured
using a 100 item questionnaire of foods and mixed dishes common to the Finnish diet.
Foods were grouped into 23 groups based on nutrient profile and culinary use of item.
These categories were summed as grams/day.

The analysis method for generating the dietary patterns was princippboents
analysis. Only factors with eigenvalues >2.5 were included (2 total). izatté¢h an
eigenvalue < 1.5 were excluded using a scree test and interpretability afttre.fan 23
years of follow up 383 patrticipants developed diabetes. Incident cases weffeeipti
the nationwide social insurance registry and those who received reimbursement for
diabetes drugs were considered a case. Each participant has one ID code larictdva
to the registry. The investigators found two patterns and named them prudent and
conservative. The analyses were energy adjusted using the residual methsmlibsdle
by Willett.%®

The prudent pattern was characterized by high loadings of vegetables and fruit,
poultry, eggs, red meat, regular dairy products and berries, whereas theaibrese
pattern was characterized by butter, potatoes, whole milk, red meat, jamgjandch
condiments, processed meat, smoked/salted fish and regular fish and eggs. After
adjustment for demographic variables, body mass index, energy intake, smaktiony, hi
of diabetes, cholesterol and hypertension, comparing the highest quartile to lowlest for
“prudent” pattern found a HR of 0.72, 95% CI (0.53, 0.9%epd=0.03, and the
corresponding finding for the “conservative pattern” was 1.49 (1.11, 2.6@n¢=0.01.
Further analyses were done on cross tabulations of the two patterns and found no
significant findings except persons with a high conservative score and lowpsades
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had an increased risk of diabetes. Sensitivity analyses including nuttietasy
components such as fiber, and socio-demographic factors such as education, job status
attenuated the results. No significant interactions were found by age, sexnassly

index or smoking. One concern was the apparent lack of measurement of physical
activity, and thus the lack of inclusion of activity in the analysis.

The authors rationalize that even though whole grain products were found in the
“conservative” pattern that the high usage of spreads and butters in this populatiéon woul
diminish any contribution these food products would contribute to an overall risk.

In relation to previous similar studies this study explained more of their methalog
choices as they gave specific eigenvalues and how they interpreted thelaataer,

they did not note how much variation either dietary pattern explained. Other strengths
include a thorough investigation of potential effect modification, and this appears to be
the only study to date that has done any cross tabulation of patterns, an innovative
approach. There were also a number of limitations. First, alcohol consumption and
physical activity were not measured or included in the study. This is troublinglon bot
ends, but especially physical activity, a major component of lifestyledela type 2
diabetes. Another concern was the lack of inclusion of non-caloric beverages such as
coffee in the dietary patterns. Finland has been noted to have some of the hidgbest cof
intake in the world?® which has been shown across many studies to be inversely
associated with diabetes risk. This was likely due to the food groups being included as
grams/day instead of servings/day, or another numerator/denominator coombinati
would allow them to be included. The determination of cases in the manner noted also
contributes to the interpretability of the study as lifestyle and dietaryebamould have
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been missed, as would have cases that did not look for reimbursement of any diabetes
related drugs. This could potentially affect the power of the study.

Dietary patterns and their association with incident type 2 diabetes haveeatso be
investigated in the Melbourne Collaborative Cohort Study of 41,258 men and women
aged 27-75 (99.3% were 40-685. 5,425 participants were migrants from Italy and
4,535 were from Greece. Baseline measures were completed in 1990-1994. Exclusions
were self reported baseline diabetes or diabetic plasma glucose asetheafiaseline
and those missing relevant risk factors measured at baseline, leaving 36,ic8Yapést
Dietary information was collected using a 121 item FFQ, self administienszgloped for
the study. Incident cases were self reported on a follow-up questionnded mai
approximately 4 years after baseline. Confirmation of cases was dondibypaar
reference of a physician, who was then contacted. Factor analysis feaspdron the
121 items, oils and alcohol from wine. For the 121 items intake was measured as daily
equivalent frequency, oils were measured in mL/week and alcohol as grams/day. The
guestion that arises from the usage of the foods in what appears to be non-standardized
units is what effect does this have, if any, on the results and interpret@itimdgonal
rotation was used in interpretation of factors and to ensure they were not correlated.
Factors with eigenvalues > 2.0 were retained. Variables with a factor loadi@ ®f
were used in interpreting factors. Factors were not derived by sexasvdseno
apparent difference. However, linear regression was used to calculate how muc
variance in factor scores was associated with country of birth and other potentia
confounders. After exclusions, 365 cases and 31,276 non cases were analyzed. 4 factors
were derived and the final models included the four dietary pattern scoreg as wel
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adjustment for age, birth country, and energy intake, family history ofzylabetes,
BMI and WHR-- possible intermediates in the pathway.

The four factors explained 68% of the variance in dietary intake. Factor 1y whic
explained 27.9% of variance, had high loadings of olive oil, vegetables, legumes and
avoidance (negative loadings) of biscuits, cakes, margarines and tets. 2R high
loadings of vegetables and salads, and Factor 3 had high loadings of meat, pastries
eggs and fish and potatoes, while factor 4 had high loadings of fruit. Patterns were
associated with country of birth but were not a substitute. Participants natiusttalia
and the United Kingdom scored higher on factor 2. Those from Greece and Ity hig
on factor 1 and those from Greece on factor 3. Factor 2 had an inverse association with
type 2 diabetes until adjustment for BMI and WHR. Factor 3 had a positive associati
with type 2 diabetes increasing across quintiles. Factors 1 and 4 were notedsuitna
diabetes risk.

Strengths of this study include the thorough reporting of methodological steps and
an objective approach to naming the factors. A difference between this aaatysis
other prospective analyses is that foods were not grouped before the fagtsisanal
avoiding the assumptions of what should be put together and how. Additionally, a
glucose test at baseline and validation of most, but not all cases, demonstrzstsfa le
validity. Limitations include the short follow up time, potentially, not allowiogrhany
cases lessening power, or for analyses accounting for follow up time such as a Cox
proportional hazards analysis. Furthermore, the study did nothing to categigmaets
beyond looking at variation explained through linear regression. Considering that
approximately % of the population were Italian immigrants and ¥4 were Greek
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immigrants, the dietary patterns seemed somewhat distinct, a siratiiéysis may have
been informational regarding a look at maintenance of diets typical to thaseretead

of what is typically consumed in Australia, which appears to be higher inaméathite
bread to an extent in this study. Overall, this study was more thorough than aluprevi
studies, potentially due to awareness and evolution of the analysis to being less/subje
and more objective as possible.

The only study that was multi-ethnic was an investigation in the MESA study of
dietary patterns and type 2 diabetes in 5,011 participants, includingni2es3dnd 2,377
women (2,177 white, 1,205 black, 1,016 Hispaait] 613 Chinese¥. Four different
dietary patterns dietary patterns were identified: 1) Fats and prdaesses, 2)
vegetables and fish, 3) Beans, tomatoes and refined grains, 4) Whole grains and fruit.
This study employed a sound methodological approach to deriving the patterns. The
results from the study found a positive association with incident diabetea WiSD
increase in Beans, tomatoes and refined grains pattern score and an invela#oassoc
with the Whole grains and fruit dietary pattern. The vegetables and fish anddats a
processed meats were both similar in structure and factor loading to t@afdioned
“prudent” and “western” dietary patterns yet were null in associatimpoitant to note
in this finding is that the factors were somewhat factorially complex, thatikiple
food groups loaded significantly on multiple dietary patterns, potentially clouding the
interpretation of the results.

While seemingly similar to the other patterns in the same study and the
aforementioned prudent dietary patterns, a potential explanation for the nu reslis
study is comparatively heterogeneous in ethnic makeup, and the dietary asséssin
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in this study was not ethnic-specific, even though valid, potentially addirgefurbise
than usual to a risk estimate as the complete diet may not have been asseggetedr r
Moreover, the racial, cultural and geographical differences in this studydhghli
important dietary similarities and differences, and point to the complicated and
heterogeneous nature of the diet-diabetes association

A nested case control of participants in the European Prospective Investigati
into Cancer and Nutrition- Potsdam Study has also investigated dietarppatterrisk
of diabetes?® It consisted of 27,548 individuals aged 35-65. Enrollment occurred in
1994-98 with follow up every 2-3 years assessing baseline measurements and updating
disease status. This study considered participants with follow up who were sliabete
at baseline and may have developed diabetes through November 2001 192 individuals
who had a valid case status along with no missing exposure variables and 382 controls
matched on age and sex were considered. The study’s aim was to cross-Bectional
identify a dietary pattern associated with plasma concentrations of HBESI1c,
cholesterol, C - reactive protein and adiponectin in reduced rank regressiongdiRRR)
then to investigate whether the pattern obtained is prospectively assagdthtegpe 2
diabetes.

Diet was assessed through a FFQ asking for frequency and portion size of 148
foods consumed during the previous year. Frequencies ranged from never to 5 times a
day or more and portion sizes were estimated using photographs. The amount of food in
grams/day was calculated. 48 food groups were created. Additional measurentents use
in the analysis included body weight, height, hip and waist circumferencgs usi
standardized measures and protocol. The author’s used reduced rank regression as an
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analysis technique and chose four markers measured at baseline, HbA1C, HDL
cholesterol, C-reactive protein and adiponectin for intermediates betweéandiigpe 2
diabetes. RRR determines linear combinations of predictor variables by accdaointing
as much of the variation in response variables (intermediates) as possible i$ thdy
one response variable RRR is identical to multiple linear regression.

In RRR the number of extracted scores can only equal the number of selected
responses; four in this case were selected. The authors chose to only includeeame patt
as they noted this explained much more variance (7.4%) in the biomarkers than any other
pattern. Food groups were considered to significantly contribute to the pattern ifdhey ha
a factor loading >0.2. Adjustments were made for cholesterol medicatmddpivering
drugs, anti-inflammatory drugs as well as age, sex, leisure time yaivioking status,
educational level, and total energy intake and with and without BMI and WHR. Odds
ratios with 95% CI were calculated using conditional logistic regression.

Diabetics had higher mean values of BMI and WHR and were lesser educated.
Activity, energy intake, and percentage of smokers did not differ between grogps. Th
first score obtained explained 7.4% of the total variation in the four selected kessar
compared to 3.6, 1.9 and 1.5% of the following three patterns. Individual variation
explained in each biomarker was 9.4% of HDL cholesterol, 10.2% of adiponectin, 9.1%
of HbA1C, and 1.1% of CRP of the selected food pattern. The investigators found a
significant inverse association with type 2 diabetes in each increasintegoifimattern
score. This pattern score was directly associated with fruit and invassalgiated with
high intake of soft drinks, beer, red meat, processed meat, poultry, legumes and white
bread. This pattern was also cross-sectionally associated with highesha2sterol,
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adiponectin and lower HbA1C and CRP. In the fully adjusted model fof'the. 5
quintile an OR (95% CI) of 0.27 (0.13-0.64) was found. A more precise Cl was found in
the 4" quartile.

The strengths of this study include the prospective nature even though a nested
case control design was employed. The diabetics were medically confirmeddnpw
they excluded approximately 200 incident cases that they could not directigrcofi
number of concerns also arise after reading the study. First, to empROyuRIRg a
small sample is likely required due to the cost of lab analysis. However, [the fgl
time was short, potentially less than three years for some participadéed, matching
was done on age and sex, but it may have been prudent to match on year of enrollment
and follow up time. Furthermore, there were highly significant differences sitpbe
between the cases and controls at baseline- overall (BMI) and abdominBlR) (\Whis
is troubling given the results because the biomarkers chosen are all Isgpdjated with
obesity and this may explain their significance cross-sectionally, alirmas much as
diet, and especially the increased risk of diabetes. Additionally, in a segynsitialysis
that excluded HbA1C there was significance in the trend across the dietarm pat
quintiles, however individually no one level was significantly associated witle @fssa
risk except the # quintile. Given the small sample size and case control nature of the
study, concerns arise over whether this is artifactual. Also, analysis study as a
prospective cohort may be a better approach to studying this question rathendlstada
case control. Indeed, there are inherent biases in a prospective study of dietas®d dise
related to selection into the study, reporting of diet among others, but these, @s tvell
different types of selection bias in a nested case control, especialtyrgivethe
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matching was conducted in this study, provide another level of bias to consider in
interpretability. Concern over the highly significant difference in edoicagvel
between cases and controls is also a concern as disease free subjects hbxlélig log
education. The investigators also could have applied this dietary patterrsattatiie
whole cohort to see if a similar pattern was observed using factor or e@natgsis.

In a further analysis of the Nurses’ Health Study, Schulze'&t@nducted a
nested case control study to examine markers of inflammation mediated byra die
pattern through reduced rank regression. They identified a pattern high in sugar
sweetened beverages, refined grains, diet soft drinks, processed meat, andif@y in w
coffee and vegetables. In the nested case control study this pattern wdg strong
associated with increased risk of incident type 2 diabetes with incre&®ngtk across
quintiles.

The investigators then utilized the same dietary pattern to look at a full anaflysi
NHS | and NHS 1l as a validation effort and to investigate the pattemtlowevhole
cohort. To determine the dietary pattern they used stepwise linear i@g@ssll the
loading factors in the nested case control pattern and developed a dietary pattgrn ne
exact to the case control, with a correlation coefficient of 0.75. The resultothrel
were very similar to those found in the nested case control with a dose response
association across increasing quintiles of intake in this pattern with isreldéive risks.

Given the high level of similarity in results between the pattern derived fem t
reduced rank regression analysis and driven by a defined biological pathway of
inflammation, the similar pattern applied to the full cohorts and the patterer ekatived
by Fung et al through principal component analysis and termed “Westerofdiewif
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there are truly important subtle differences in dietary patterns thaeindé different
pathological processes or if dietary patterns of this nature influence myégiways? If
the latter is true, what information are we gaining with methods like RRR?

The only published study to date looking at dietary patterns and glucose disorders
in an Asian population was a cross sectional study of 2,106 Japanese men aged 47-59
who participated in a pre-retirement health checkup and underwent an oral glucose
tolerance test and filled out questionnaires on diet, activity, lifestyle andgiaphic
related items>° Diet was assessed using an FFQ designed to assess the average intake of
74 foods, food groups and food preparation over the previous year. The questionnaire
was derived from a similar questionnaire used on this population. The original FFQ was
validated, but not the expanded one utilized in this study. The investigators analyzed the
food as frequency of intake per week for everything except, green tea, coffeeeand ri
bowls, which were included as servings/day. Factor analysis was used tadtetave
patterns and the number of retained factors was considered by examiningcatéelot
and interpretability which was undefined.

Three dietary patterns were derived, one high in dairy, high starch foods and
breads, fruits and vegetables and low in alcohol, a second high in animal foods (meats,
poultry, fish, processed meats and fish), and a third that was a more tradajmanatse
pattern (high in soybean products, vegetables, seaweed, green tea). Thke factor
explained 24% of the variance in the diet. The relative risks for glucose abitiesnal
(IFG, IGT, T2D) were determined by multiple logistic regression. Tisegattern

loading high in dairy, starches, fruits and vegetables was consistently astodtat

53



reduced risk of all abnormalities. The pattern high in animal foods showed no

associations, and the Japanese pattern was positively associated with hibesarma
There were multiple minor limitations in the approach in this study, but the major,

overarching limitation that prohibits interpretation in this author’s view istbgs-

sectional nature. These participants, due to their employment, received thoredigal

workups and attention and, like all people who undergo regular physical exams, those

with glucose abnormalities or frank diabetes may have been recommended to change

their diet as a way to counteract the current or potential health issue. Theisydse

likely mixing of dietary patterns by health status. Indeed, the protectiarydpttern

was similar to that of the DASH diet, so there may be some biological retetraare,

but disentangling the effects of any of these diets is purely speculative ldic& bf

temporality and the possible diagnoses/intervention bias on self-reporteg htstke.
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Table 3.1: Summary of prospective cohort studiesusing principal components
analysisto examine dietary patternsand incident type 2 diabetes.
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Study Population and Methods Dietary Patterns Results
Dietary Assessment
Health +42,504 male health -Principal Components -“Prudent” -No
Professionalsprofessionals, aged -75 | Analysis (factor analysis) characterized by high | association
Follow up n 198¢ with orthogonal rotation, consumption of with prudent
Study vegetables, fruit, whole| pattern and
Van Dam et 131 item FFQ with -Pooled logistic regression | grains, fish and poultry | increasing risk
al repeated measurements; | analysis across
food groups anahed -“Western” increasing
- Diabetes self reported and | characterized by high | quintiles of
validated through consumption of red western
guestionnaire on symptoms, | meat, refined grains, pattern
diagnostic tests and French fries, high fat
treatments and medical recordairy products, sweets | -Amount of
sub-sample (n=71) and desserts, high sugdarvariation in
drinks and eggs cohort not
reported
Nurses’ 69,554 female nurses agedPrincipal Components factof- “Prudent” pattern -Suggestive
Health 38-63 in 1984 analysis and orthogonal characterized by higher| inverse
Study, rotation intake of fruits, association
Fung etal 116 item FFQ with vegetables, whole with prudent
repeated measureme -Cox Regression Analysis | grains, fish and poultry | pattern and
and low fat dairy increasing risk
- Diabetes self reported and | products across
validated through quintiles of
guestionnaire on symptoms, | -“Western” pattern western
diagnostic tests and characterized by red andpattern
treatments and medical recorgrocessed meat, refined
sub-sample (n=62) grains, sweets and -Amount of
desserts and high fat | variation in
dairy products cohort not
reported
Finnish +4,304 men and women | -Principal components -“Prudent” pattern -Significant
Mobile aged 4-69 analysis and orthogonal characterized by high | inverse
Clinic Health rotation. loadings of vegetables | association
Examination +100 item FFQ of and fruit, poultry, eggs, | across
Study, foods/dishes common -Cox Regression Analysis | red meat, regular dairy | increasing
Montonen et Finnish diet at baselil products and berries quartiles of

al.

-Diabetes determined throug
nationwide index of drug

h
-“Conservative” pattern

the “prudent”
pattern and

reimbursement characterized by butter,| significant
potatoes, whole milk, positive
red meat, jams and association
sugar rich condiments, | across
processed meat, increasing
smoked/salted fish and| quartiles of
regular fish and eggs | “conservative”
pattern
-Amount of
variation in
cohort not
reported
Melbourne  +31,641 men and women | -Principal components -Factor 1: olive oll, -Factor 2 had
Collaborativejaged ~4-69. Of the analysis and orthogonal vegetables, legumes andan inverse
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+121 item FFQ of foods
and dishes specificall
developed for the stu

-Diabetes self reported on
follow up questionnaire 4
years after baseline and
confirmed by physician

and salads
-Factor 3: meat,

pastries, fried eggs and
fish and potatoes

-Factor 4: fruit.

BMI and
WHR.
-Factor 3 had
a positive
association
with type 2
diabetes
increasing
across
quintiles.

-Factors 1 and
4 were not
associated
with diabetes
risk

-68% of
dietary
variance
explained by
patterns

MESA,
Nettleton et
al

5,011 participants
ncluding 2,63 - men and
2,377 wome (2,177 white,
1,205 black, 1,01
Hispanicand 613 Chinese

-Principal components
analysis and orthogonal
rotation.

-Cox Regression Analysis

-Self-reported type 2
diabetes, fasting glucoge
126 mg/diat any exam, or us
of diabetes medication

-Fats and processed

meats

-Vegetables and fish

-Beans, tomatoeand

refined grains

,-Whole grains and fruit

-Beans,
tomatoes, and
refined grains
positive
association
with 1 SD
increase

-Whole grains
and fruit
inverse
association
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Chapter 4. Background on BMI1 and All Cause Mortality

The prevalence of obesity has started to increase to epidemic levels in developed
and developing Asian nations and the levels of chronic disease have mirrored tHi$ trend.
Because of the trends in obesity across the globe, especially in the eetetiiginterest
in the effect of body weight on mortality has received heightened interest andanggor
Indeed, this interest has spurned much research, mostly on western populations, with
divergent results. Some studies suggest that BMI acts in a near dose-résgiunse
with mortality, some indicate a U-shaped or J-shaped curve, and finally sonestsugg
BMI may have little or no impact on longevity%: The investigation into BMI and
mortality in Asians presents an intriguing study as they have a largeriwopuf the
population with low BMI's, despite some parts of Asia having very high rates oPtype
diabetes, and research on Asian populations is comparatively sparse. There isrdebate
what is an optimal weight in an Asian population separate from the debate infWeste
populations.

There are multiple methodological issues and considerations in the stuokyyof
weight and mortality. The majority of them have to do with the best approach of
analyzing data from a prospective cohort study. One consideration is adequate contr
for cigarette smoking. Smoking is more prevalent among lean individuals, perhaps
primarily due to its known anorectic effects, and is a strong independent riskféact
cancer and cardiovascular diseases, as well as type 2 diabetes. Failadeguate

control for smoking in analyses of body weight and mortality may therefasetie
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association between body weight and mortality towards the null or alternative
hypothesis?? Manson et al*? believe studies of non-smokers provide the best data in the
relationship between body weight and mortality. Conversely, Fontaine asdmAfft
summarized evidence that smoking may not be as strong a confounder as believed in the
association as the U/J shape curve remained in the majority of studieaggjaf how
smoking was treated in the analysis. In the studies that did account for smoking the
relative risks were attenuated but the shape of the risk curves remained.

Reverse causation is another concern, as low weight status may be a product of
preexisting disease states. For example, lean people may be a mix of those who a
healthy, and those who are ill and lost weight, or have a pre-existing, underlyaagesis
causing weight loss. This is a particular concern in aging cohorts, as dy elde
population is more likely to have these underlying and preexisting chronic diseases.
Indeed, Flegal et at** ***have clearly demonstrated in analyses of NHANES data an
important interaction between age and BMI on mortality risk. The relative riglebe
obesity and mortality is considerably attenuated with advancing age. Beaatsktyn
rates increase with age, prior studies estimating the number of dedtbppulation
attributed to obesity produce gross exaggerations due to failure to consider thaninpor
age — BMI interaction® Thus the effects of BMI on mortality may be biased by the
mixing of different health and diseased groups, as well as failure to stratifyeby
groups™! *¥2Generally, an approach taken to account for these biases is to limit the
analyses to only those who appear healthy at baseline, to those who die aftst fiae fir
years of follow-up, to exclude smokers or stratify on smoking status, and ty strati
age group. Allison et al examined the approach of excluding those who die in the first
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few years of follow-up using analytic methods, simulations and meta anafysfs

Their results suggest that excluding participants in this type of study dbesagessarily
reduce the bias of undetected disease, however in some cases it may be higivly affec
reducing the bias. At the core of this idea is that there is truly bias there irstipéete.
The meta-analysis’ showed that exclusion of these early deaths does slightly change
the shape of the association and this very slight change is statisticaificarg, but it

may or may not be meaningful depending on the population and other aspects of the
study and data analysis.

Another issue noted by Manson et#is that some studies have
inappropriately controlled for biological consequences of obesity such as Imgpante
dyslipidemia and hyperglycemia, which eliminates pathophysiologicawaat through
which obesity may be operating. A further consideration is that of physazlviity,
activity and fitness level. The fit vs. fat debate is beyond the scope of thieGhait a
sedentary lifestyle even among thin persons, may be responsible for idareasality
in a low BMI range™®® Indeed this is an important consideration in the Singapore
Chinese Health Study. The issue of dietary patterns that are assocthtetiesity and
have independent causal effects on morbidity and mortality also needs to be considered i
analogous ways as the fitness/fatness problem.

BMI as a marker for adiposity is an overarching factor in the reldtiprietween
relative weight and mortality. Important aspects to note include that basl/isna
composed of fat free mass and fat mass, which poses an important limitation imesing t
BMI to delineating the true relationship between body composition and mortality.
Fontaine aptly stated that risk of death may increase with increasingssitama
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decrease with increasing fat free m&dget this question has only been addressed in a
handful of studies and the results suggest that adiposity is driving the aesd¢idtl*
Related to this question is the point in life that BMI was measured. As oneldyesd®
less reliable marker of adiposity due to differential loss of muscle andledy mas$*
This observation must contribute to the phenomenon of weaker relative risk between
elevated BMI and mortality with advancing age, as discussed above. Funtbertms
also possible that if BMI is only measured later in life many of the subtEefite. obese)
participants may have already died of obesity related outcomes. Howeves, this i
unlikely as most deaths in the population occur later in life. Indeed there are multiple
considerations in examining the BMI-mortality association, yet attemt these
confounders and modifiers may be helpful in determining what an optimum relative
weight may be.

Literature Review of Studiesin Asian Populations

Gu et al*®

examined the question of body mass index and all cause mortality in

a nationally representative sample of 154,736 Chinese men and women aged 40 years or
older in 1991. At a single baseline visit, height and weight were measured using a
standardized protocol. Other demographic and lifestyle variables were sdseexhs
Work-related physical activity was assessed because leisure tysiegdlactivity was

rare. Follow up was conducted in 1999-2000. BMI was divided into the following
categories (<18.5, 18.5-19.9, 20-20.9, 21-21.9, 22-22.9, 23-23.9, 24-24.9, 25-26.9, 27-
29.9,> 30). Cox proportional hazards regression models were used for analysis.

Adjustments for baseline age, sex, cigarette smoking, alcohol, work relatedaphysic

activity, education, geography, urbanization were done. The referent greup wa
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BMI=24.0-24.9 because this group had the lowest mortality. In mean 8.3 years of follow
up 17,687 deaths were documented. A statistically significant U-shaped assocas
observed in all analyses and sub-group and sensitivity analyses between BM and all
cause mortality. This included checks by age, sex and disease status. itgensit

analysis that excluded deaths within the first 3 years of follow up observedlar si

pattern of relative risks. A similar pattern was observed in a causeicp@eilysis in

both cardiovascular disease and cancer and was also consistent among men and women.

The data show the range of BMI where it is not associated with incresked ri
mortality was 24-26.9 overall. Essentially, being underweight, normal weight, arel obes
by BMI measures is associated with an increased risk of death in thisstadyhe only
non-increased risk is in the overweight range in the study. The authors conblided t
their data do not support different or lower BMI cut points for obesity in this population.
They note the increased risk of BMI's > 27 and BMI's < 18.5 but do not address the
significant increase in risk of early all cause mortality in the Bnige of 18.5-24 in the
overall cohort as well as “healthy” participants, which are not cleafigett A question
remains whether the associations observed in the low end and in normal weight
individuals are an artifact of the high level of smoking in the leaner individuatssof t
population, or likewise, residual confounding by not stratifying or excluding these
participants.

Jee et al**® examined the question of body mass index and mortality in 1,213,829
Korean men and women between 30 and 95 years of age who had undergone a biennial
medical exam between 1992 and 1995 for the national health insurance corporation. All
persons were free of atherosclerotic disease, cancer, liver diseasesdmlyespiratory
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illness before the initial study visit, and participants missing any nrel@virmation or a
BMI < 16.0 kg/nfwere also excluded. An attempt to minimize the effect of underlying
conditions was also done by excluding those with an event within the first two years o
follow up. Height and weight were directly measured and data was collected on other
lifestyle and demographic factors. Participants were followed up fan teaugh

December 31, 2004. BMI was categorized as < 18.5, 18.5-19.9, 20.0-21.4, 21.5-22.9,
23.0-24.9, 25.0-26.4, 26.5-27.9, 28.0-29.9, 30.0-31.9 and >32.0. Model covariates
included age at enroliment (continuous), alcohol intake (g/day), participation iaregul
physical activity (y/n), and smoking status. The mean BMI of the study paypuleas

23.2 for both sexes and mean age was 45 for men and 49 for women. A total of 82,372
deaths were recorded. The referent category was 23.0-24.9 as this had thedkwést
death from any cause. A J-shaped association was observed for all caub morta
regardless of smoking status. Specifically, men with a BMI <18.5 who did not smoke
had an elevated risk of death (HR=1.29, 95% CI 1.15-1.44) and those with a BMI >30
had an elevated risk of death also (HR=1.71, 95% CI 1.44-2.03). Similar, but not as
strong associations were observed in smokers and in women. No association was found
in BMI levels between 18.5 and 30 for all cause mortality. For participanteigtiean

64 years of age at baseline there was no association between BMI andyndétedated

to this, it is important to keep in mind when interpreting the data that this sitldged
persons aged 30-95, a wider age range than any other study with BMI having divergent
meanings and reflecting different aspects throughout this age raihgew3e, this study
was executed with appropriate methods and the cause-specific resultsaddhe the
literature, but are beyond the scope of this discussion and study.
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Song et al**’ also investigated the relationship between BMI and all cause
mortality in women in the same Korean cohort utilizing a national insurance caoporat
similar to Jee et &f'° The study comprised 338,320 women aged 40-64 who had all
relevant measures and were free of cancer at baseline and did not die duringlihe bas
examination period (1993-94). In the appropriate adjustment model for all-cause
mortality that also excluded early deaths, a U-shaped association was olgénrve
increased risk of mortality in BMI < 21 and BMI27.0 compared to the referent group
of BMI=21-22. They also stated the association did not differ when excluding smokers
A couple points that stuck with this author after reading the paper were why no
consideration of effect modification by age was considered. An attempatidygbry
menopausal status was attempted and this was arbitrarily set at age agemb
data were collected on menopausal status and no follow up data on change in menopausal
status was included.

Tsugane et af*®

examined the association of relative body weight and mortality

in a Japanese population of 40,815 men and women aged 40-59 years who self reported
height and weight and were free of cancer, cerebrovascular disease, histgncafdial
infarction, or chronic liver disease at baseline as well as having a BiMédetl4.0 and

40.0. Cox proportional hazards was used to analyze the data and sex stratified models
adjusting for age (continuous), smoking status, alcohol consumption, education, sports
and physical exercise, geographic area of Japan and weight change sieaes2fld.

BMI was divided into the following categories: 14.0-18.9, 19.0-20.9, 21.0-22.9, 23.0-
24.9, 25.0-26.9, 27.0-29.9,30.0. The BMI range of 23.0-24.9 (middle BMI category)

was chosen as the referent category; however the rationale for therdeas not
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reported. A U-shaped association was observed for all-cause mortality withe

increased risk in BMI's < 23 and > 27. Estimates excluding early deaths showed an
increased risk only in BMI < 23 and of never-smokers in BMI < 19. However,
interpretation of these findings should be cautious because of the potential tgs@bili

the estimates due to small numbers. Women with a BMI < 19.0 and >30.0 also were at
increased risk of all cause mortality and the association was maintainagkin ne

smokers. Similar to the SCHS, a disproportionate amount of men smoked vs. women.
This study may have increased their power of examining the never-smokeng\iduld
have stratified on smoking status, rather than sex, and then looked at sex differences.

Yuan et al*°

analyzed the association in the Shanghai cohort study of 18,244
Chinese men aged 45-64 years in Shanghai, China. BMI was determined by st&dfirepo
height and weight and numerous other lifestyle and demographic factorsatiegeed at
baseline. Cox proportional hazards regression methods were used to analyze the data
with adjustments for age (< 54, 55-59, 60-64, 65+), education level, alcohol
consumption, smoking status and specific number of cigarettes a day if a conokat s

as well as age started. The referent BMI category chosen was 21-23.5 asthis w
determined to be the most healthful range by metropolitan insurance tablesrertmr

the authors. Of lifetime never-smokers those with BMI's < 18.5 and > 26.0 had an
increased risk of mortality. Of ever-smokers and current smokers themowa
association. A limit in interpretation of the results is that there did not afgpbarany
adjustment for physical activity levels related to work, leisure time roergélifestyle.
Overall, our results are very similar when looking at the range of BMI of neagsed

risk of death.
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Recently the Shanghai Women Health study evaluated the relationshiprbetwee
BMI and mortality and potential methodological bia§€sThis study began with 74,896
women with BMI, waist and hips measured at baseline (1996-2000) from age 40-70 and
followed up through April 2007. Participants were also asked to recall weightsdgem a
20 and age 50 if over age 50 at baseline. From the original study population, 62,779
participants were never smokers without a history of previous disease, did not die during
the first 3 years of follow up, and reported not having lost 10% of their body weight since
age 50, thus making this the relevant population for study. The mean age of the cohort
was 52 years and mean baseline BMI was 24.0 with mean follow up of 7.4 years. In an
age adjusted cubic spline Cox regression analysis of the 62,779 participants using the
median BMI as a referent point, a dose-response type of association of incigdased r
above BMI of ~ 25.0 was observed. Fully adjusted models were not presented. The rest
of the presented analysis focused on small sub-groups of quartiles of BMIhesing t
lowest quartile as the referent group and showing increased risk at eaesimgr
quartile beginning at a BMI > 24.4. Appropriate adjustments were made in thesds mode
but the overall interpretation of this study and its role in the literature iseatlotcause
of decisions to not present the full set of data, as well as not present any datston wai
circumference which may add to understanding the data. Furthermore, resaltsi§
study are not directly comparable due to participants being grouped into BMI's
encompassing wider groups in the BMI spectrum.

In summary, the studies to date looking at BMI and all-cause mortality im Asia
populations have not been uniform in methodological approach. Comparing data from the
Shanghai cohort study is difficult because of the approach taken to analyzirgahe d
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Gu et al found a U-shaped association with the only range of non-increased risk of
mortality was in BMI's 24-26.9. However, in the main analyses smoking was only
adjusted for and it wasn'’t clear in sensitivity analyses if smokers warally excluded,
thus this may have affected the results. In a study of Korean national heaéimaes
participants utilizing a sound methodological approach, with the referent (23-248) bei
the lowest risk, a J-shaped association was observed with risk increasingjsn<BIg.5
and > 30, however this study had a wide age range of study (30-95). Utilizingreahat
sample of Korean woman a U-shaped association between BMI and all-catedgymor
was also observed when applying appropriate methods with increased risk s1<BRAI’
and> 27.0. In the Japanese study of disease free men and women, including smokers,
men with a BMI of 23-27 were not at increased risk for premature mortatityvamen,
who smoked much less, had no increase in risk between BMI’s of 19-30 after adjustment
and exclusion of smokers. Because of approach taken, the results beyond the noted are
not interpretable or potentially applicable. In population similar to the SCHS, of
Shanghai men, a U-shaped association was observed with risk increasing<al 85l
and > 26.0.

Indeed recommendations for BMI cut points for overweight and obesity are
related to mortality, and some researchers believe that alternatipeints for Asians
are not needet?’ Continued evaluation of the effect of BMI on mortality is needed in
Asian populations as well as studies on outcomes thought to be related to weightato give
thorough view of what an optimum weight range may be. Furthermore, studies
accounting for years of functional and high quality life may be of bettersffor this
topic, yet have none or little data published to date.
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Chapter 5: The Singapore Chinese Health Study

The Singapore Chinese Health Study is a prospective cohort study initiated to
identify dietary associations with cancer risk and other health outcomes. Theigohort
made up of permanent residents or citizens of Singapore who resided in govdraithent-
housing estates, where ~86% of residents reside. Chinese men and women of Hokkien
descent, who originated from southern Fujian Province and Cantonese descent, who came
from central Guangdong Province aged 45-74 years between April 1993 and Decembe
1993 enrolled in the study. Both provinces are in southeastern China. The study aimed
to enroll 60,000 participants with four equal dialect-gender subgroups. When enrollment
closed in December 1993 63,257 subjects had been recruited. Recruitment occurred by an
initial letter informing potential participants of the study and inviting theparticipate.
Approximately five to seven days later, a door-to-door invitation was given.
Approximately 85% of eligible subjects who were invited responded positively. At
recruitment a face-to-face interview was conducted in the subject’s hoentrdigied
interviewer using a structured, scanner-readable questionnaire whickteshjue
information on demographics, height, weight, use of tobacco, usual physical activity,
menstrual and reproductive history (women only), medical history, familyriisf
cancer and a 165-item food frequency section assessing current dietleypattern. A
follow-up telephone interview took place between 1999 and 2004 for 52,325 cohort
members (83% of recruited cohort), and questions were asked to update tobacco and

alcohol use, medical history, height and weight and menopausal status of women.
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A feature of the Singapore Chinese health study making it unique among Asian
cohorts and cohorts of western populations is the food frequency questionnaire employed
to assess usual dietary intake at the baseline interview. The developnhent of t
guestionnaire stemmed from 400 person-days of food intake among an equal sample of
Cantonese and Hokkien permanent residents of Singapore in a pilot study. Information
was collected by interview in the home of the participant using a standardizedprotoc
and trained interviewers. Measurements were made of common measures of
consumption units, e.g. Chinese spoon and rice bowl as well as consideration of cooking
methods, food preparation and types of oil used. The majority of Chinese foods are
prepared as mixed dishes of meats and vegetables and many have standard reepes. A
of rules were developed to estimate the quantity of spices, oils, seasonings asd sauc
used in food preparation. For all mixed dishes in the cohort questionnaire this
information was used to construct prototype recipes for dishes.

Another main component of the Singaporean Chinese diet is the consumption of
hawker foods, which are ubiquitous in the country. These are purchased at hawker
centers which resemble fast food courts in U.S. shopping malls. Generally the dishes
from these foods are noodle/rice based. Hawker food recipes were developed from
purchasing samples from hawker centers and directly weighing the ingsedigve
representative samples were purchased from different hawker stalls amlieinigrevere
measured, and then used to transcribe the amounts in the pilot studies and recipes to a
food matrix table. Related, unknown or doubtful measurements obtained from the

multitude of hawker food sources were directly sought out and weighed. For example,

69



data on chickens were not directly available, so a variety were purchased],cooke
deboned, weighed, and transcribed for the data.

The actual structured FFQ for the study utilized data from a pilot stutly an
includes 165 food and beverage items individual in nature, as dishes and as food in
categories based on content. The FFQ was administered during the baselir@inter
and the scale of responses was eight different frequency levels for foodsyriiom
never or hardly ever to two or more times a day and nine frequency levels forgesvera
The food items also included three different portion sizes and most items utdlred c
photographs roughly representing th&" 150", and 8%' percentile of food reported in
pilot data. Same size plates were also utilized to enable a sense of dvalaterview.

The food composition database for the study includes raw and cooked foods and
utilizes data from the cancer research center of Hawaii as welhgsosition tables from
China, Malaysia and Taiwan. Items not available from other sources had their
composition determined using developed item specific formulas adjusting rawdoods t
cooked foods. A total of 849 items are in the database and of this total 359 are mixed
dishes in 52 categories.

Validation of the FFQ was done by administering two 24 hour dietary recalls on
two separate occasions covering a weekday and a weekend day approximately two
months apart in 1994-1997. 852 randomly selected participants took part. Another 164
participants completed the first interview. Approximately two months tiféesecond
24 hour recall the original FFQ was re-administered. Correlation coeff@edtlinear
regression slopes were calculated between the FFQ and 24 hour recall otakdgelcts
by sex and dialect. Checks were done to ensure that nutrients and foods did not differ by
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sex, dialect, education, age or BMI. A range of correlation coefficiemts ®.24-0.79
was observed of energy/nutrients by the two different methods. Furthermore, the
distribution for energy and nutrients was similar between the 24 hour recalls and the
FFQs. Indeed, the validation study provides calibration results allowing feiction of
measurement errors given the assumption that 24 hour recalls are a “golddstanda
method of measuring diet.

Assessment of diabetes

Self-reported diabetes as diagnosed by a physician was evaluatediaebasel
Diabetes status was assessed again by the following question askedrdutalig-up
telephone interview: “Have you been told by a doctor that you have diabetes ¢@ugh bl
sugar)?” If yes: “Please also tell me the age at which you wsteliagnosed?”
Participants were classified as having incident diabetes if they edpbet/eloping
diabetes anytime between the initial enrollment interview and the followwlephone
interview that occurred between July 1999 and October 2004.

A validation study of the incident diabetes mellitus cases used two different
methods:>? First, cases were ascertained through linkage with hospital records in a
nationwide hospital-based discharge summary database, an administraipasean the
Singapore Ministry of Health. If subjects in the study had been admitted to lf&pita
diagnoses carrying diabetes-related ICD codes (250.00-250.92) aftetmneatunto the
cohort, they were considered a valid case. A total of 949 cases were validateld throug
the linkage. Cases that did not have hospitalization records available witlegiabet
related diagnoses were contacted to answer a supplementary questionnalnegega
symptoms, diagnostic tests and hypoglycemic therapy during a telephemesint A
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total of 1,321 subjects who reported incident diabetes but had no relevant hospitalization
records were contacted. 619 participants refused or were not availabletfer fur
interview while 702 (53%) agreed, of which 682 (97%) were considered valid cases
Assessment of Mortality

Information on date and cause of death is obtained through linkage with the
Singapore government’s Vital Statistics Office. This is done througmsghairthe
participants NRIC number (national registration identity card number) witbi tioky.
The exact date of death as well as primary cause, secondary cause and gncherses
are noted for each death. ICD-9 codes specifying cause(s) are decttieccbgler at the
Ministry of Home Affairs and come from the person’s death certificate. Up ttasises

may be given.
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Chapter 6: Manuscript 1. Dietary patterns, western fast food,
weight gain and risk of obesity: The Singapore Chinese Health
Study

Introduction
Increased relative weight and weight gain are significant risk fatola number

of chronic diseases and health conditiZh$he rapidly increasing prevalence of obesity

in the United States is widely cited and notedsians constitute the largest percentage

of the global population, and from a public health standpoint obesity is a current topic of
importance, as populations in Asia are experiencing rapid social and econongescha
leading to changes in diet and lifestyle. Indeed, the prevalence of obesityhas be
increasing in developing and developed regions of Kstdowever, there is scant

research published on the predictors, risk factors and etiology of weight change in an
Asian population.

Dietary intake is one part of the energy balance equation. Significantclebses
been devoted to studying the role of macronutrients and individual dietary components in
clinical and epidemiological studies of relative weight and weight change in gopsla
An alternative approach that considers the whole dietary pattern has beasingtye
employed in population researtd}. The overall eating pattern may be an important
guide in understanding weight change in populations with little research tovgeiiglat
maintenance strategies. As well, an overall pattern may resonate ntotkeapiblic
and is less prone to confounding that is a significant concern when investigatieg sing|

foods or beverages in consideration of long term energy balance. Howeveyd®s st
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have prospectively examined the association between dietary patterns and tchanges
weight!09-112

Another aspect of dietary intake that may add to understanding weight change and
supply a simple target message in weight management and obesity prevehgon is t
intake of western fast food. Western fast food is convenience food purchased in self-
service or carry out eating venues without wait serit€his food is typically energy
dense, nutritionally poor, low in fiber, and high in glycemic load with excessive
portions™*® The increase of western fast food consumption is not limited to westernized
countries as the increase of this industry and food is occurring gldbBafishile hawker
centers are central to the food history and culture of Singapore and could bieedegsri
the source of traditional fast food in the country; western fast food is differamrgul
wise and culturally. Research on the role of fast food in weight change is’Spars
Therefore research investigating how western fast food is associdtedeigiht change
in developing regions of the world may be particularly informative

The Singapore Chinese Health Study (SCHS) is a population-based prospective
cohort investigation of over 63,000 Chinese men and women in Singapore. The aim of
this paper was to derive dietary patterns and examine their associaliomeight gain
and risk of obesity in this cohort, as well as to investigate the associatiostefiwkast

food intake with weight gain and risk of obesity.
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Subjects and M ethods

Study Population
The design of the Singapore Chinese Health Study has been previously

described?>* Briefly, the cohort was drawn from men and women, aged 45 to 74, who
belonged to one of the major dialect groups (Hokkien or Cantonese) of Chinese in
Singapore. Between April 1993 and December 1998, 63,257 individuals completed an in-
person interview that included questionsdemographics, height, weight, use of
tobacco, usual physical activity, menstrual and reproductive history (womeén only
medical history, family history of cancer and a 165-item food frequeratyppseassessing
usual dietary intake of the previous yearfollow-up telephone interview took place
between 1999 and 2004 for 52,325 cohort members (83% of recruited cohort), and
guestions were asked to update tobacco and alcohol use, medical history, and menopausal
status of women. The institutional review boards at the National University cif8irey
and the University of Minnesota approved this study.
Assessment of diet

A semi-quantitative food frequency questionnaire specifically developehiso
population assessing 165 commonly consumed food items was administered during the
baseline interview. During the interview the respondent referred to accomganyi
photographs to select from eight food frequency categories (ranging frorer‘oe
hardly ever” to “two or more times a day”) and three portion sizes. The foodiérecy
guestionnaire has subsequently been validated against a series of 24-houretialiary
interviews in a random sample of 1000+ participants that occurred on one weekday and

one weekend day approximately two months ajpags well as selected biomarker
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studies™> **° A range of 0.24 to 0.79 in correlation coefficients of energy/nutrients was
obtained using two methods, and the majority of macro-nutrients and food groupg displa
correlation coefficients in the high end of this reported rante.

In conjunction with this cohort, the Singapore Food Composition Table was
developed, a food-nutrient database that lists the levels of 96 nutritive/nonnutritive
components per 100 g of cooked food and beverages in the diet of the Singaporean
Chinese. By combining information obtained from the food frequency questionnaire with
nutrient values provided in this food-nutrient database, we were able to compute the
mean daily intakes of nutrients for each subf&tt.

Western fast food and soft drinks were assessed with the following questions from
the FFQ. Study subjects were asked to raperintake frequency of soft drinks such as
coca cola, 7-up etc. from nine predefimategories (never or hardly ever, 1-3 times a
month, onca week, 2—-3 times a week, 4-6 times a week, anlagy, 2—-3 times a day, 4—

5 times a day and 6 orore times a day). The standard serving size for these beverages
referenced during the interview was “1 glass or hawker portion”. One géssassigned
a value of 237 mL, or approximately 1 cup. However, there is likely heterogemeity i
serving size and the analysis is focused on frequency. Additionally, individuabgsest
were asked relating to the frequency for each of the following foods: Hamlaurger
cheeseburger, French fries, pizza, ham and other sandwiches, deep fried chicken and hot
dogs.

Assessment of non dietary exposures

Self reported height and weight were collected at baseline and dugifg/low
up telephone interview. Validity of self reported height and weight has been shown to be
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highly reliable in other adult cohort studie$.**® Physical activity was assessed by
asking participants the average time each day they spent doing sitiuiiieacsuch as
sitting in a car or bus, sitting at work, watching TV, sitting at meals or sittieg
activities such as reading, playing cards, sewing, etc in seven continuousieategor
ranging from never, less than 1 hour, 1-2 hrs, 3-4 hrs, 5-6 hrs, 7-10 hrs, to 11 hrs or more.
They were also asked the average time in a week using eight continuous eategori
ranging from never to 31 hours or more they spent doing strenuous sports (e.g. jogging,
bicycling on hills, tennis, squash, swimming laps or aerobics); vigorous work (e.g
moving heavy furniture, loading or unloading trucks, shoveling or equivalent manual
labor); and moderate activities (e.g. brisk walking, bowling, bicycling on tgreeind, tai
chi and chi kung). At the baseline examination, usual sleep duration was abgessed
asking participants the following question: "On the averdigieng the last year, how
many hours in a day did you sleep#ith the following response categories: 5 hours or
less, 6 hours/ hours, 8 hours, 9 hours, and 10 hours or more. The physical activity
guestionnaire was modeled after and had similar questions as the questionnaire used i
the EPIC Study of lifestyle and cancer, which has been shown to have good aalilit
high repeatability, with a weighted kappa statistic of p.6 0.0001) and r = 0.73% 16
Assessment of outcome

Participants reported their body weight and height at the baseline and follow up
interviews. Body mass index (BMI) was calculated as weight (kg) divided ghthei
squared (m). Weight change for each participant was calculated by sogthaseline

weight from follow up weight. Obesity was defined as BMA7.5 kg/md, consistent

with the World Health Organization’s criterion for this population.
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Statistical Analysis

The present analysis included participants from the baseline population of 63,257
persons. Participants were first excluded if they died before the follow up évtervi
(7,722), reported a history of or a diagnosis of diabetes, cardiovascular disease, and
cancer except non-melanoma skin cancer (16,398), Parkinson’s disease, tuberculosis,
malaria, hip fracture, and stomach removal (1,379), or ever smoked (10,078). Rdsticipa
with a health condition, disease or a history of smoking were excluded as tlsgjtdife
may change upon diagnosis, may change how weight is gained or lost, or are
systematically different from those seemingly healthy and included eniddgsis. Those
missing weight or height at baseline or follow up (6,755) were also excluded.rFurthe
exclusions occurred for extreme sex specific energy intakes (<600 or >3,000 kca
women) (<700 or >3,700 kcal men), extreme weight loss or gairl&kg) equal to the
top and bottom 1/2 % of weight change between baseline and follow up, and any
participants with a history of smoking. After these exclusions 20,077 participants
remained for the analyses.

Dietary patterns were derived using principal component analysis (PCA) SAS
version 9.1 (SAS Institute Inc, Cary, NC). The aim of PCA in nutritional agsigsto
account for the maximal variance of dietary intake by combining the maeyeatitf
dietary variables into a smaller number of factors based upon the interoonsetHt
these variables. All 165 foods and beverages were first standardized to the same

frequency/month unit before the PCA method was applied and factors were extracted.
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The factors were rotated orthogonally to maintain an uncorrelated isthimjparove
interpretability, and a two factor solution was retained based upon eigenvataeglst
and factor interpretability. The factors loadings presented are highbtistdlty
significant (p<0.0001) in consideration of a formula accounting for sample sizkeand t
critical value in a table for correlation as suggested by Sté¥Rer comparability and
interpretability of our results we present factor loadings > 0.20 even though ¥@l2és
are statistically significant due to the larger sample size of thg.skattor scores for
each participant were calculated by multiplying the intake of the stdimdd food item
by their respective factor loadings on each pattern. The scores arevéineates and
represent the weighted sum of all 165 food items. Participants were divided integuinti
by score to indicate the level their dietary intake corresponded with eeimpie. a
higher score corresponds with greater conformity to the derived pattern. shaeter
initially extracted by sex and dialect and were highly similar in loadimgtsire and their
ability to predict weight change and risk of obesity to the full study populatiohgso t
factors derived from the study population were ugdx patterns were named vegetable,
fruit and soy rich (VFS) and dim sum and meat rich (DSM) as these foods loaded
strongest and most frequently on the respective patterns. The sensitivity and
reproducibility of the patterns have previously been shown to be sffong.

The western fast food index and western fast food index plus soft drink intake
were created by summing the reported individual frequencies of intake of lggarsdur
and cheeseburgers, French fries, pizza, ham and other sandwiches, deep fried chicken,
and hot dogs, plus soft drinks in the index accounting for them. The derived western fast
food index categories were based on intakes that allowed for logical cut points and
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provided sufficient participants per category and are as follows: Neverdby kaer (0),

1 time a month, 2-3 times a month, 1 time a week or more. The top category of this
index is defined by the median value. The index including soft drinks includes the
following categories: Never or hardly ever (0), monthly (1-3 times a month),roaati
week, two-three times a week, and four or more times a week.

Baseline and dietary characteristics were calculated for pemits across
quintiles of each dietary pattern score and the western fast food indexes.of eetsdf
across dietary patterns scores and indexes were performed by assigmeglite value
of the quintile or index to the respective categories and entering this asraicas
variable into the models. Mean weight change between baseline and follow up per
quintile of dietary pattern score and level of index score was calculatedyesiacl
linear modeling (PROC GLM). For the dietary patterns adjustmentsmamte for age
(continuous), sex, dialect (Hokkien vs. Cantonese), year of baseline interview (1993-95
vs. 1996-98), time between baseline and follow up interviews, baseline BMI
(continuous), educatiomone, primary, secondary+), hours of moderate and
strenuous physical activity per week, average nightly sleeping hours, and amount of
television watched on a daily basis. Calculation of mean weight change aeross t
western fast food index adjusted for the same variables plus potential d@téoynders
in total intakes (g/day) of dietary fat, fruit and fruit juice, vegetablesy,daeat, candy
and desserts, alcohol, frequency of coffee, black and green tea and frequencyrisigprepa
deep fried foods at home. Soft drink intake was adjusted for in the western fast food
index not containing the variable. Sensitivity analyses included dietary(djtoey) and
total energy intake (kcal/day) as mediators were completed. Furtheses&dy both the
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dietary patterns and indexes examined if weight change differed by b&élir{e 23,

> 23), age (<55, 55+), sex, physical activity (never vs. ever), television watehinigrs,

3+ hrs). To examine the mean weight change in persons most prone to gainingrweight
this cohort, a sensitivity analysis of 8,639 participants who reported a BMI < 23dX wer
age 54 and reported no physical activity at baseline was carried out adjostimg same
covariates of the main models.

To examine the risk of incident obesity (BMPR7.5) obese persons at baseline
were excluded. Person years for each participant were calculateth&atate of
recruitment to the date of the follow up interview. Relative risks per quoftdestary
pattern score and per category of western fast food index were estimated by C
proportional hazards regression models (PROC TPHREG) with simultaneous adfustme
for demographic, lifestyle, and dietary variables. All regression s@slyere conducted
using SAS statistical software version 9.1 (SAS institute, Cary, NC)e Weas no
evidence that proportional hazards assumptions were violated as indicatedau tbie |
significant interaction between of the predictors and a function of survivalitirtine
model in either dietary pattern. However, there was evidence that the proportional
hazards assumption was violated with the western fast food indexes (p=0.0001) so the
analysis was stratified on year of recruitment (1993-95 vs. 1996-98). Upoficsitiati
there was a lack of power due to small numbers of incident obese persons in lewels of t
indexes making interpretation of the results unclear, so the data are not gresente

Three main models were constructed to examine the association betwegn dietar
pattern score and risk of incident obesity: Model 1 included baseline age (continuous),

sex, dialect (Hokkien vs. Cantonese), year of baseline interview (1993-95 vs. 1996-98),
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baseline BMI (continuous), and education (none, primary, secondary+). Model 2
included variables in model 1 plus hours of moderate and strenuous physical activity per
week, average nightly sleeping hours, and amount (hours) of television watched on a
daily basis. Model 3 included those variables in Model 2, plus and total energy intake
(kcal/day), which may represent a mediator in this diet-obesity relationshiglys&s

testing for interactions of sex, age, physical activity and BMI witidtagary pattern

scores as well as stratification were completed. Lastly, sensdivilyses excluding

participants with a baseline BMI126.5 and> 26.0 were carried out.
Results

Two main dietary patterns were derived from principal components analyss. T
first pattern was named vegetable, fruit and soy rich (VFS) and factor lsddirttpis
pattern are shown ifiable6.1. The higher the loading (correlation) between a food and
a factor the more that food uniquely contributes to the pattern score. Of 45 foods loading
above the noted minimum threshold on this pattern, 23 were vegetables, 5 were fruits and
5 were soy items. Additionally, different types of fresh and preservedoselafaded
highly on this pattern. The dim-sum and meat rich pattern (O$&hle 6.2) contained
55 items, predominantly dim-sum, a variety of fresh and processed meats and seafood,
noodle and rice dishes consumed at levels beyond other dietary patterns, sweetined
and deep fried foods. Most dim sum foods are savory pastries- steamed or deep fried
dumplings, filled buns, noodles, or sweet pastries, meats and some vegetables. Dim sum
is usually served in small quantities so a wide variety of foods may be sampled, but i

part of small to large meals.
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Baseline characteristics by dietary pattern are preseniable 6.3. Participants
with a higher score on the VFS pattern were slightly older, more likely to beefemal
more physically active and had less education. Dietary wise, a higher ¥ieS\ss
associated with greater dietary fat and protein intake and less carboliytiete
Dietary fiber increased significantly and dietary starch decreageificantly with an
increasing VFS score. Participants with a higher score on the DSM pattern we
younger, less likely to be female, had higher BMI, exercised less ardwoee
educated. With a higher DSM score a similar trend of macronutrient composittan of
diet was observed, however there lower fiber intake with higher scores on téia patt
significantly increasing alcohol and soft drink consumption. Energy intake iedreas
across both patterns since a higher factor score represents the weightéchbi®5
food items, and thus increased and/or more varied intake of the assessed diesary ite

Table 6.4 presents baseline characteristics across categories of ingreasitern
fast food intake. Although the absolute range is narrow, participants reportigg hig
western fast food frequency were significantly younger, more likely todte and more
educated. Total energy consumption was higher across higher categoriesdéxhe
while the percentage of energy from carbohydrates was lower and disggtaayd protein
slightly higher. The amount of alcohol, soft drinks and juice were significantigehig
with each increasing category.able 6.5 presentshe same index but includes soft drink
consumption as part of the index itself. Similar age, sex and education levels were
observed across the index. Significant decreasing amounts of moderate aetieity w

observed with higher index levels. Soft drink intake is greatly increased on awverage
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participants in the highest category of the index because of being part mdi¢tg4 or
more times a week).

For this cohort of 20,077 Chinese Singaporean men (n=5,594) and women
(n=14,483) non smokers, mean (SD) age 53.3 (6.9) and mean (SD) baseline BMI, 22.9
(3.2) the overall mean (SD) weight change between baseline and follow up was 0.37
(0.03) kg. In Table 6.6 the mean weight change across dietary pattern score and western
fast food index was calculated after adjusting for many potential dentogjrafestyle
and dietary confounders. The mean weight gain was significant in each quintile of both
dietary pattern scores. However, in the vegetable, fruit and soy rich gatkShmean
weight gain significantly decreased across increasing VFS diedttgrpscore, p trend
(0.04). Conversely, weight change significantly increased across incre&&inhgaitern
score, p for trend (0.004). In the western fast food indexes there was a stepreizse
in mean weight gain in each category of increasing intake. In the westeiootagdex
that included soft drinks the mean weight gain was beyond that of the food only index.
Including dietary fiber and total energy intake in the models as mediators did not
materially alter the nature or magnitude of results. Juice type drinks icathort were
not associated with any prospective weight change.

Further analyses for both the dietary patterns and indexes examined if weight
change differed by baseline BMI (< 2323), age £54, 55+), sex, physical activity
(never vs. ever), television watchingZ hrs, 3+ hrs). There was no evidence mean
weight change varied by sex or amount of television watching (interag&ior50) and
no material differences upon stratification. Interactions between theydgitderns and

indexes with BMI, age and physical activity produced p values between 0.14 and 0.49
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suggesting no difference. However, upon stratification by BMI, age and phessticaty

the nature of weight gain was similar but more pronounced in those who reported BMIs <
23.0 kg/nf, were of age 54 or less and reported no physical activity at baselinéin eac
pattern and index. The results from the sensitivity analysis of mean wgaighh these

8,639 participants are presented mble 6.7. The trends and nature of weight gain

mirror the results in Table 6, but the magnitude of mean weight change was. greate

Sensitivity analyses that included participants with a history of smogurgeft
and ex smokers) did not appreciably change the nature of mean weight change in the
models but increased the standard errors of the estimates and decreasedutgefprval
trend. The interaction between smoking status and the dietary patterns and mdleses i
weight gain models produced p values ranging from 0.07- 0.19. Upon stratification the
mean weight change in each quintile of dietary pattern and category ofwlasteiood
index was null (P> 0.05) in current and ex smokers.

In 18,436 participants at risk of developing a BMI considered obke2é.%), who
accrued 104,110 person years of follow up, 928 persons developed obesity. Relative
risks for incident obesity are presented able 6.8 for the two dietary pattern scores.
Overall, there was no association with the VFS dietary pattern and risk of dagelopi
obesity. Attempts to account for potential confounding through stratification by sex
BMI, age, and physical activity did not change this null finding.

Conversely, there was a significant increased risk for obesity if'taad!4
quintile of the DSM dietary pattern score, (HR=1.44; 95% CI 1.16, 1.78, and HR=1.56;
95% CI 1.26, 1.93) in model 1 for the whole cohort. A test for interaction between

baseline BMI and the DSM dietary pattern score found statistically suggesstiues
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(P=0.08), so the cohort was stratified on BMI < 23.0 n=10,855) and>BA310
(n=7,581). 859 participants with a BMI23.0 developed obesity during 43,084 person-
years of follow up. There was no association with incident obesity in participginta w
baseline BMI < 23.0, so Table 6.8 includes only participants considered overweight at
baseline for the DSM dietary pattern score. In model 2, there was a 62%settresk of
obesity in the 8 vs. £ quintile of DSM dietary pattern score. (HR=1.62; 95% Cl 1.29,
2.02). The associations observed in model 2 were slightly attenuated upon adjustment for
total energy intake (kcal/day), but still strongly significant (P trend <0000Sensitivity
analyses excluding participants with a baseline BM6.5 and> 26.0 were carried out to
explore whether participants at these levels of BMI just below the obesippint were
driving the observed associations. However, the associations did not materially diff
when excluding participants with these baseline BMils.
Discussion

In this large prospective study of non-smoking, disease free Chinese Singaporeans
increasing intake of a dietary pattern characterized by high consumptregetfibles,
fruit, and soy products and some fish and seafood termed vegetable, fruit and soy rich
was associated with decreasing mean weight gain. The other dietary pagtern wa
characterized by high consumption of dim sum, fresh and processed meats, higher levels
of noodles and rice dishes, sweetened foods and deep fried foods and was termed dim
sum and meat rich and increasing intake was associated with increasingweight
gain. Additionally, each increase in frequency of western fast food consumption was
associated with a mean increase in weight gain and taking into consideratidmngoft

intake revealed further increases in mean weight gain. The results froraxhe C
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regression analysis of incident obese status with dietary patterns found natassoci
with risk of becoming obese with the VFS dietary pattern. In contrast, the Ddaydi
pattern was associated with a significant increased risk of developingyobesi

A few previous studies have examined the association between dietary patterns
and a measure of weight charl§&™? In a smaller population from the Baltimore
longitudinal study of aging with a wide age range a dietary pattern riokwer ffat dairy
and high fiber foods was associated with a smaller gains in BMI and waishéarence
and a diet rich in sweets, fast food, vegetables and dairy was associatad witreased
gain of waist circumferenc@? Using an alternative approach to defining the dietary
patterns produced a similar association in the same cdfidfhis study used 7 day food
records and then grouped foods before deriving the dietary patterns. Furttstudis
was small (n=459) and many food group variables were factorially contpbexs,
multiple variables loaded strongly on different factors making interpoatafithat factor
and variable less clear. In a study of Danish citizens aged 30-60 a 26 itemeBRQead
to assess diet and factors were derived by sex. No prospective associationnga
between the factors and BMI or weidfit. Discussion and interpretation of this study is
limited by the apparent underlying inability of this study to adequategsasBiet with
the short FFQ. The Nurses’ Health Study similarly examined this questios &l i
largest study to date and also was able to account for changes in dietanyqeter
time!*? The prudent pattern in this study was similarly high to the VFS dietary pattern in
vegetables, fruit and fish, but also was high in whole grains, an aspect lacking in the
Singapore Chinese Health study. This dietary pattern may be the best far weig
maintenance as well. The western dietary pattern, which was rich in, nedatsd
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grains, desserts and soft drinks, appeared to contribute to long term weight gain. This
pattern had some similarities to the DSM pattern in predicting greater vgaighand

that it was rich in energy dense foods, meats, refined grains, and lower in fiber aad whol
grains. We are not aware of other studies investigating dietary patternskaofifuture
obesity.

Only a few other studies have examined the association between fast food and
weight gain in adult™***® After adjustment for many potential confounders Pereira et
al. found a significant and direct association with increase in body weight aedsimg
fast food consumption in the CARDIA study focusing on young adtfitslsing the
same base study and comparing restaurant and fast food intake Duffey et al. found a
significant and slight increase in BMI with higher consumption of fast f6bth
another cohort based in Spain of more middle aged participants, increased consumption
of hamburgers, pizza and sausages was associated with a significant bun@lkgise in
the odds of becoming overweight over tifie.We observed similar results to these
studies as with each increase in frequency of fast food we observed an intrease i
weight gain over time after adjustment for numerous potential demographty)difesd
dietary confounders. We also found that soft drinks appear to increase weight gain
beyond the consumption of fast food. There are many different variables- pbigsiblo
behavioral, contextual and metabolic that should be considered in interpretation of this
further weight gain potentially due to soft drinks. Indeed, evidence is continuinddo bui
on this topic:*®

There are a few different dietary components that appear to be diffetwathe
the VFS and DSM dietary patterns and may be drivers of the associations observed,
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although specifically delineating these factors is not possible. Firse thiloverall
macronutrient (carbohydrate, fat, protein) make up of the dietary pattesr@mitar the
DSM pattern reported intake of slightly more energy, although this is measuined wi
error. Thus, the DSM pattern may contribute to increased weight gain and rislsity obe
through the consumption of more energy dense foods. Furthermore, dietary fibdy is like
important in the regulation of weight chan§and intake increases across the VFS yet
decreases across the DSM pattern. In addition to the energy density of the fgioet a hi
glycemic index may also play a rafé. We were not able to assess this measure. While
the overall composition of the diet contributes to the dietary pattern score it may be
worthwhile to point out that energy dense beverages (alcohol and soft drinks) also
increased across the DSM pattern score where soft drinks decreasedhacyiss t

pattern and alcohol consumption was not associated with the pattern.

Only a handful of other studies have prospectively investigated the association
between dietary patterns, fast food and weight gain and we are not aware of other studie
who have examined dietary patterns and risk of obesity. The SCHS is unique in the
dietary and lifestyle habits, and ethnic composition of its population. The use of a food
frequency questionnaire that was specifically developed and validated in the populati
and has been shown to be internally consistent and reproducible overall and for dietary
patterns is another strength. The prospective nature, high participant resgmnse ra
detailed collection of data through face to face interview, very low level btipants
lost to follow up are other strengths to consider in interpreting the results.

There are a number of limitations to consider as well. This study is an
observational study and all heights, weights dietary intake, and lifesyéxts were self
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reported. We attempted to check for interaction with and adjust for the numerous other
lifestyle characteristics that may confound the relationship betwegpatterns and fast
food intake with weight gain, regardless, residual confounding of these kEfestyl
characteristics needs to be considered as a possible or contributing explanatiwareWe
also not able to assess potential changes in dietary intake or other |Nasigtdes
which may have affected weight over time. Misclassification and mesasuat error in
the dietary data also need to be considered as possible explanations, although if non-
differential in nature, this would most likely account for a lack of or attenhat
associations we observed. Social and depressive symptoms were also not considered and
may contribute to weight change.

In conclusion, after empirically deriving dietary patterns we found arpatte
characterized by high vegetables, fruits and soy foods was associated veiteasitg
trend of weight gain and not associated with developing obesity, and a pattern
characterized by high dim sum, meat and processed meat, sweetened foods anelsbeverag
and fried foods was associated with an increasing trend of weight gaincaaasied risk
of obesity in a large cohort of non-smoking Chinese men and women in Singapore.
Further, we observed a significant increasing trend of weight gain withségmhise
increase in frequency of western fast food in this cohort. Increased soft drke inta
combined with the western fast foods appeared to lead to greater weight geliose In
dietary patterns are unique to the populations they are derived from, yetarissst
across populations suggest that increased plant food intake such as vegetables\rui

whole grains and legumes are a central part of a diet conducive to weight maatenanc
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where higher level of meat, processed meat, sweetened foods and beverages and fried

foods may lead to increased weight gain over time.
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Table 6.1: Factor loadings for foods with vegetable, fruit and soy rich
dietary pattern in Singapore Chinese Health Study

Food Item Food Loading
type

Cauliflower \ 0.53
Green beans/peas \ 0.52
Yin choi, po choi \Y 0.49
Other tau kwa O, Pr 0.47
Other plain tofu S 0.46
Carrots \ 0.44
Head cabbage, wong nga \ 0.44
Tou gay, tai tau nga \ 0.44
White potatoes \ 0.42
Tung goo O, Pr 0.42
Gum jum, dried fungus O, Pr 0.42
Choi sum \ 0.41
Broccoli \ 0.40
Kai lan \ 0.38
Tomatoes \ 0.38
Fu kua, mo qua S 0.37
Corn \ 0.37
Pak choy, siew pak choy \ 0.37
Foojook vegetarian meats S 0.36
Other dark green leaves \ 0.34
Head lettuce, Chinese lettuce \Y 0.34
Fish ball/cake Fi 0.33
Other tau pok S 0.32
Canned baked beans L 0.31
Ikan bilis Pr, Fi 0.30
Ung choi \ 0.30
Watercress \ 0.29
Cucumber \ 0.29
Yong tau foo S 0.29
Kai choi \ 0.29
Celery \ 0.29
Apples F 0.27
Boiled/steamed fish Fi 0.27
Pan/stir fried fish Fi 0.26
Pan/stir fried chicken P 0.25
Gee choi \% 0.25
Bananas F 0.25
Onions \% 0.25
Pears F 0.23
Salted leafy vegetables V, Pr 0.22
Other dried seafood Fi, Pr 0.22
Watermelon F 0.21
Papaya F 0.21
Canned sardine Fi 0.21 Dietary variance explained 7.0%
Chinese chives V, O 0.20

*Factor loads correspond to Pearson correlation coefficients between the food and the respective dietary pattern.
-Definitions of abbreviations: B-beverage; C-condiment; Da-dairy; DS- dim sum/snack dish;

F-fruit; Fi-fish/shellfish/seafood; L-legumes; M-meat; O-other; P-poultry; Pr- preserved; S-soy food; St-high starch
item (e.g. noodle dish, rice dish); Sw-sweet; WG-whole grain



Table 6.2: Factor loadings for foods with

pattern in Singapore Chinese Health Study

dim-sum and meat rich dietary

Food ltem

Siew mai

Chicken rice

Gravy noodle
Roasted duck or goose
Other steamed shack
Steamed meat bao
Chicken, mutton curry
Deep fried chicken
Glutinous rice dumpling
Other pig organs (intestine)
Preserved eggs
Coconut rice

Otar otar

Other flavored rice
Belly pork

Dry noodle dish
Deep-fried snacks
Chicken satay

Ngor hiang

Roti prata

Curry rice

Dry noodle dish
Luncheon meat
Puffs, curry or bean
Other fried noodle
Lup chong

Popiah

Chinese rojak
Coconut desserts
Soft drinks

Sweet kuey

Salted fish

Squid

Salted leafy vegetables
Shrimp

Pork liver

Eggs

Canned sardine
French fries

Fried rice

Steamed sweet bao
Other pork

Western Cakes
Hamburgers

Other dried seafood

Food Loading Food Item
type
DS, M 0.41 Chee cheong fun
P, St 0.41 Salted roots
St, M 0.40 Minced pork
P 0.39 Red/green bean soups
DS, M 0.39 Hot dogs
DS, M 0.38 Deep fried fish
M 0.37 Ice cream/frozen yogurt
P 0.37 Baked buns with meat
St, M 0.36 Pork spareribs
M 0.36 Fish ball/cake
O, Pr 0.36
St 0.35
DS 0.35
St, M 0.35
M 0.35
St, M 0.34
DS 0.34
P 0.33
DS, M 0.33
St 0.33
St 0.32
St, M 0.32
M 0.32
DS,V 0.32
St, M, Fi 0.32
M 0.31
DS, M 0.31
DS,V 0.31
DS, Sw 0.31
B, Sw 0.29
DS, Sw 0.28
Fi, Pr 0.28
Fi 0.28
V, Pr 0.27
Fi 0.27
M 0.27
@) 0.27
Fi 0.27
St, O 0.27
St 0.27
DS, Sw 0.24
M 0.24
DS,Sw 0.23
M, St 0.23 Dietary variance explained
Fi, Pr 0.23

Food Loading

type

DSM 0.23

Pr, Vv 0.22
M 0.22
DS 0.22

Pr,M 0.21
Fi 0.20
Da 0.20

DS, M 0.20
M 0.20
Fi 0.20

6.8%

*Factor loads correspond to Pearson correlation coefficients between the food and the respective dietary pattern.
-Definitions of abbreviations: B-beverage; C-condiment; Da-dairy; DS- dim sum/snack dish;
F-fruit; Fi-fish/shellfish/seafood; L-legumes; M-meat; O-other; P-poultry; Pr- preserved; S-soy food; St-high starch
item (e.g. noodle dish, rice dish); Sw-sweet; WG-whole grain
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Table 6.3: Participant ¢ haracteristics across quintile s of dietary pattern score: SCHS

Characteristic

Age

Female (%)

BMI (kg/m?)

Weight (kg)

*Moderate Activity min/wk
Strenuous Activity (% ever)
Sleep (hr/day)

Education (% secondary)

Dietary Intakes

Total energy (kcal/day)
Carbohydrate (% energy)
Fat (% energy)

Saturated fat (% energy)
Monounsaturated fat (% energy)
Polyunsaturated (% energy)
Protein (% energy)

Soy protein (% total protein)
Fiber (g/1000 kcal)

Starch (g/1000 kcal)
Alcohol (drinks/month)

Soft drinks (drinks/month)
Juice (drinks/month)

Coffee (drinks/month)

Black tea (drinks/month)
Green tea (drinks/month)

Q1
52.9 (6.9)
65.5
22.9 (3.2)
57.7 (9.5)
42 (2.2)
9.4
7.0 (1.1)
41.6

1328 (453)
61.0 (7.2)
23.9 (5.6)
8.8 (2.5)
8.1 (2.0)
4.6 (1.5)
14.6 (2.4)
7.9 (5.4)
7.5 (2.4)

109.2 (24.8)
3.2 (12.6)
4.0 (11.6)
1.5 (4.7)

39.4 (35.4)
7.6 (17.4)
7.2 (20.8)

Vegetable, fruit and soy rich

Q3
53.4 (7.0)
73.7
23.0 (3.1)
57.7 (9.2)
57 (2.2)
9.1
7.0 (1.0)
36.8

1502 (442)
59.2 (6.6)
25.4 (5.0)
8.9 (2.4)
8.6 (1.9)
5.3 (1.8)
15.3 (2.3)
9.7 (5.5)
8.7 (2.5)

103.4 (21.5)
2.4 (13.3)
2.1(7.5)
1.5 (4.2)

38.2 (33.2)
6.2 (14.5)
8.7 (23.0)

Q5
53.5 (7.3)
74.0
22.8(3.2)
57.2 (9.0)
66 (2.2)
11.3
7.0 (1.1)
37.3

1860 (497)
55.5 (6.6)
28.8 (4.7)
9.8 (2.5)
9.6 (1.9)
6.3 (2.2)
16.2 (2.4)
13.4 (7.5)
10.0 (2.4)
89.7 (19.4)
3.0 (11.9)
1.9 (6.4)
2.4 (6.6)
36.5 (33.1)
7.1 (15.8)
11.4 (25.4)

Dim sum and meat rich

Q1
55.1 (7.3)
80.6
22.8(3.2)
56.2 (9.0)
70 (2.2)
9.3
6.9 (1.1)
348

1303 (395)
62.5 (6.7)
23.4 (5.3)
7.8 (2.4)
7.7 (1.9)
5.4 (2.2)
14.6 (2.5)
11.0 (8.0)
10.5 (3.1)

107.6 (24.8)
1.1 (6.5)
0.4 (1.9)
1.3 (3.6)

25.2 (26.0)
4.6 (12.7)
8.5 (23.0)

Q3
53.2 (6.9)
74.0
23.0 (3.2)
57.4 (9.3)
52 (2.2)
8.8
7.0 (1.0)
35.2

1449 (397)
59.9 (6.4)
25.5 (4.9)
8.9 (2.2)
8.6 (1.8)
5.3 (1.8)
15.4 (2.3)
10.0 (5.9)
8.5 (2.4)

103.0 (22.0)
2.3 (10.3)
1.6 (5.4)
1.5 (5.2)

39.8 (33.3)
6.1 (14.4)
8.6 (22.5)

Q5
51.7 (6.3)
59.4
23.1(3.2)
59.0 (9.8)
49 (2.2)
12.8
7.1 (1.1)
445

1989 (515)
54.3 (6.2)
29.2 (4.7)
10.7 (2.2)
10.0 (1.8)
5.5 (1.6)
16.1 (2.2)
9.9 (5.2)
7.8 (1.9)
90.9 (18.8)
5.3 (15.9)
6.3 (14.1)
2.7 (6.2)
475 (38.3)
9.9 (19.0)
9.8 (23.6)

Al values mean (standard deviation) except “Moderate activity mean (standard error)
SCHS= The Singapore Chinese Health Study

N= 4,015 per quintiles 1,3,5; 4,016 per quintiles 2,4
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Table 6.4: Participant ¢ haracteristi cs according to frequency of western
fast food consumption: SCHS

Frequency of Western fast food consumption

Characteristic Never 1x/month  2-3x/month  1x +/week P
n=8,991 n=3,628 n=3,796 n=3,662

Age 54.4 (7.2) 53.4 (6.8) 52.5 (6.6) 51.5(6.3) <0.0001
Female (%) 73.6 73.2 70.6 69.1 <0.0001
BMI (kg/m?) 22.9(3.2) 23.0(3.2) 23.0 (3.1) 22.9 (3.2) 0.48
Weight (kg) 57.2(9.3) 57.5(9.2) 58.0 (9.5) 57.8(9.3)  <0.0001
*Moderate Activity min/wk 56 (2.2) 57 (2.3) 55 (2.3) 51 (2.3) 0.12
Strenuous Activity (% ever) 7.8 8.8 11.4 134 <0.0001
Sleep (hr/day) 7.0(1.1) 7.0(1.1) 7.0(1.1) 7.0(1.1) 0.023
Education (% secondary) 31.6 35.1 40.9 51.1 <0.0001

Dietary Intakes

Total energy (kcal/day) 1433 (459) 1486 (458) 1599 (483) 1786 (521) <0.0001
Carbohydrate (% energy) 60.4 (7.0) 59.2 (6.6) 57.5 (6.6) 55.4 (6.4) <0.0001
Fat (% energy) 24.4 (5.3) 25.5(5.0) 26.8 (4.9) 28.8 (4.8)  <0.0001
Saturated fat (% energy) 8.4 (2.4) 9.0 (2.3) 9.5 (2.3) 10.3(2.3)  <0.0001
Monounsaturated fat (% 8.1(1.9) 8.6 (1.8) 9.1(1.8) 9.8 (1.8) <0.0001
energy)

Polyunsaturated (% energy) 5.2 (1.9) 5.3(1.9) 5.4 (1.8) 5.8 (1.8) <0.0001
Protein (% energy) 15.1 (2.5) 15.2 (2.3) 15.6 (2.3) 15.9(2.2) <0.0001
Soy protein (% total protein) 10.4 (6.9) 10.2 (6.0) 9.9 (5.5) 9.9 (5.4) <0.0001
Fiber (g/1000 kcal) 8.9 (2.8) 8.8 (2.6) 8.5(2.4) 8.5(2.3)  <0.0001
Starch (g/1000 kcal) 106.1(23.4) 102.2(22.0) 98.5(20.7)  92.1(20.1) <0.0001
Alcohol (drinks/month) 2.4 (10.9) 2.7 (11.4) 2.8 (10.6) 3.3(11.9)  0.0002
Soft drinks (drinks/month) 1.5(6.8) 2.0 (6.4) 3.1(9.3) 4.3(10.5) <0.0001
Juice (drinks/month) 1.2 (4.2) 1.5(5.7) 1.9 (5.5) 3.0(6.4) <0.0001
Coffee (drinks/month) 36.5(14.8) 38.9(33.8) 38.8(33.9) 39.3(34.7) <0.0001
Black tea (drinks/month) 6.0 (14.8) 6.2 (15.6) 7.0 (15.5) 8.6 (16.9) <0.0001
Green tea (drinks/month) 8.6 (22.9) 8.6 (21.8) 9.3 (23.5) 9.4 (23.1) 0.035

'All values mean (standard deviation) exc@dbderate activity mean (standard error)
SCHS= The Singapore Chinese Health Study

Fast food= Hamburgers, French fries, fast food sandwiches, pizza, ddeghfaleen, hot
dogs
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Table 6.5: Participant ¢ haracteristics according to frequency of western fast food and sof

SCHS

t drink consumption:

Characteristic

Age

Female (%)

BMI (kg/m?)

Weight (kg)

*Moderate Activity min/wk
Strenuous Activity (% ever)
Sleep (hr/day)

Education (% secondary)
Dietary Intakes

Total energy (kcal/day)
Carbohydrate (% energy)
Fat (% energy)

Saturated fat (% energy)
Monounsaturated fat (% energy)
Polyunsaturated (% energy)
Protein (% energy)

Soy protein (% total protein)
Fiber (g/1000 kcal)

Starch (g/1000 kcal)
Alcohol (drinks/month)

Soft drinks (drinks/month)
Juice (drinks/month)

Coffee (drinks/month)

Black tea (drinks/month)
Green tea (drinks/month)

Frequency of Western fast food + soft drink consump tion

Never Monthly 1x/week 2-3x/week
n=7,407 n=6,270 n=2,316 n=2,320
54.8 (7.3) 53.4 (6.8) 52.3 (6.5) 51.6 (6.3)

75.1 73.7 71.4 67.2
22.9 (3.2) 23.0 (3.2) 23.1(3.2) 22.9 (3.2)
56.9 (9.2) 57.4 (9.2) 58.0 (9.2) 58.2 (9.5)

59 (2.2) 58 (2.4) 50 (2.3) 50 (2.3)

7.6 9.5 11.6 12.9
7.0 (1.0) 7.0 (1.1) 7.0 (1.1) 7.1(1.1)

31.5 36.1 42.2 47.4
1412 (451) 1501 (459) 1583 (462) 1720 (497)
60.3 (7.0) 58.6 (6.7) 57.6 (6.6) 56.6 (6.7)
24.4 (5.3) 25.9 (5.1) 26.9 (5.0) 27.8 (5.2)

8.4 (2.4) 9.1 (2.4) 9.5 (2.3) 9.9 (2.4)

8.1 (2.0) 8.7 (1.9) 9.1 (1.9) 9.4 (1.9)

5.2 (2.0) 5.4 (1.9) 5.5 (1.8) 5.6 (1.8)
15.2 (2.5) 15.4 (2.3) 15.5 (2.3) 15.6 (2.2)
10.4 (6.9) 10.1 (5.9) 10.0 (5.7) 10.2 (5.8)

9.0 (2.8) 8.8 (2.6) 8.6 (2.4) 8.5(2.3)
106.8 (23.5) 102.0 (21.9) 98.8 (21.0) 94.2 (20.5)
2.2 (10.5) 2.7 (11.1) 2.3(9.6) 3.2 (11.6)

0 0.4 (0.8) 1.4 (1.6) 3.9(3.9)

1.1 (3.7) 1.5 (5.2) 1.9 (4.8) 2.5 (5.1)
35.7 (32.6) 38.6 (33.3) 38.8 (34.2) 39.7 (35.2)
5.6 (14.4) 5.9 (14.5) 7.8 (16.9) 7.9 (15.1)
8.6 (22.8) 8.8 (22.6) 8.8 (22.6) 9.1 (22.5)

4x+/week
n=1,764
51.0 (5.7)
61.1
23.1(3.2)
59.0 (9.8)
44 (2.2)
12.1
70(1.1
495

1901 (563)
56.8 (7.1)
27.8 (5.4)
10.1 (2.4)
9.5 (2.0)
5.4 (1.8)
15.3 (2.3)
9.7 (5.6)
7.8 (2.1)
89.9 (19.6)
4.6 (14.2)
19.0 (20.0)
3.8 (9.3)
40.7 (36.5)
10.8 (20.0)
8.6 (21.5)

P

<0.0001
<0.0001
0.022
<0.0001
<0.0001
<0.0001
0.0203
<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.04
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.80

TAll values mean (standard deviation) except “Moderate activity mean (standard error)
SCHS= The Singapore Chinese Health Study
Fast food= Hamburgers, French fries, fast food sandwiches, pizza, deep fried chicken, hot dogs
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Table 6.6: Mean weight change (kilograms) according to quintile of dietary pattern score

and frequency of western fast food intake in non-smokers: The Singapore Chinese
Health Study

Dietary patterns

VES pattern Mean (SE)8§ P DSM pattern Mean (SE)§ P
Q1 0.48 (0.07) <0.0001 Q1 0.31 (0.07) <0.0001
Q2 0.34 (0.07) <0.0001 Q2 0.20 (0.07) 0.0052
Q3 0.40 (0.07) <0.0001 Q3 0.37 (0.07) <0.0001
Q4 0.40 (0.07) <0.0001 Q4 0.40 (0.07) <0.0001
Q5 0.23 (0.07) 0.0024 Q5 0.57 (0.08) <0.0001
P trend for change 0.04 P trend for change 0.004

Western fast food intake!

Western fast food Western fast food + soft drinks

Frequency Mean (SE)¥ P Frequency Mean (SE)¥ P
Never 0.32 (0.05) <0.0001 Never 0.22 (0.05) <0.0001
1x/month 0.38 (0.07) <0.0001 Monthly 0.33 (0.06) <0.0001
2-3x/month 0.40 (0.07) <0.0001 1x/week 0.45 (0.09) <0.0001
1x +/week 0.44 (0.08) <0.0001 2-3x/week 0.59 (0.09) <0.0001
4x+/week 0.71 (0.11) <0.0001
P trend for change 0.009 P trend for change <0.0001

Data are means (standard error) for n=20,077
VFS= Vegetable, fruit and soy rich dietary pattern
DSM= Dim sum and meat rich dietary pattern

§ Adjusted for age, sex, dialect, year of interview, time between baseline and follow up, baseline BMI, education,
moderate and strenuous physical activity, sleep, TV hours

¥ Adjusted for age, sex, dialect, year of interview, time between baseline and follow up, baseline BMI, education,
moderate and strenuous physical activity, sleep, TV hours, fruit and fruit juice intake, vegetable intake, dairy intake, meat
intake, dessert and candy, alcohol, coffee, black tea, green tea, and deep fried foods at home

Western fast food= Hamburgers, French fries, fast food sandwiches, pizza, deep fried chicken, hot dogs

*Additionally adjusted for soft drink intake for Western fast food
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Table 6.7: Mean weight change (kilograms) according to quintile of dietary pattern score
and frequency of western fast food intake in non-smokers with BMI < 23.0 kg/m?, age <
54 and no reported physical activity (n=8,639): The Singapore Chinese Health Study

Dietary patterns

VFS pattern Mean (SE)S§ P DSM pattern Mean (SE)§ P
Q1 0.89 (0.10) <0.0001 Q1 0.55 (0.12) <0.0001
Q2 0.55 (0.10) <0.0001 Q2 0.39 (0.11) 0.0004
Q3 0.68 (0.10) <0.0001 Q3 0.68 (0.10) <0.0001
Q4 0.63 (0.11) <0.0001 Q4 0.80 (0.10) <0.0001
Q5 0.50 (0.11) <0.0001 Q5 0.80 (0.11) <0.0001
P trend for change 0.05 P trend for change 0.02

Western fast food intake

Western fast food Western fast food + soft drinks
Frequency Mean (SE)¥ P Frequency Mean (SE)¥ P
Never 0.56 (0.08) <0.0001 Never 0.47 (0.09) <0.0001
1x/month 0.67 (0.11) <0.0001 Monthly 0.58 (0.08) <0.0001
2-3x/month 0.70 (0.10) <0.0001 1x/week 0.68 (0.13) <0.0001
1x +/week 0.79 (0.11) <0.0001 2-3x/week 0.90 (0.13) <0.0001
4x+/week 1.08 (0.15) <0.0001
P trend for change 0.07 P trend for change 0.001

Data are means (standard error) for n=8,639
VFS= Vegetable, fruit and soy rich dietary pattern
DSM= Dim sum and meat rich dietary pattern

§ Adjusted for age, sex, dialect, year of interview, time between baseline and follow up, baseline
BMI, education, moderate and strenuous physical activity, sleep, TV hours

¥ Adjusted for age, sex, dialect, year of interview, time between baseline and follow up, baseline
BMI, education, moderate and strenuous physical activity, sleep, TV hours, fruit and fruit juice
intake, vegetable intake, dairy intake, meat intake, dessert and candy, alcohol, coffee, black tea,
green tea, and deep fried foods at home

Western fast food= Hamburgers, French fries, fast food sandwiches, pizza, deep fried chicken,
hot dogs

*Additionally adjusted for soft drink intake for Western fast food
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Table 6.8: Relative risks of incident obese status (BMI 2 27.5) according to
quintile of vegetable, fruit, and soy rich dietary pattern score (a) and
according to dim sum and meat rich dietary pattern score in those of
overweight status (BMI1=23.0-26.9) at baseline: Sing apore Chinese Health
Study

Vegetable, fruit and soy rich pattern (a)

Q1 Q2 Q3 Q4 Q5

N/PY 190/20,769 173/20,758 192/21,064 178/20,648 195/20,871 P for

(lowest) RR RR RR RR trend

(95% CI) (95% CI) (95% CI) (95% CI)

Model I* 1.0 0.93 1.00 1.01 1.18 0.08
(0.76,1.15)  (0.82,1.22) (0.82,1.24) (0.96, 1.44)

Model 112 1.0 0.94 1.00 1.02 1.20 0.06
(0.76,1.15)  (0.82,1.23) (0.83,1.25) (0.98, 1.47)

Model 1113 1.0 0.91 0.95 0.94 1.05 0.64

(0.74,1.12) (0.77,1.17) (0.76,1.17) (0.84, 1.31)

Dim sum and meat rich pattern (b)

Q1 Q2 Q3 Q4 Q5
N/PY 127/8,014  160/8,981 148/8,587 199/8,555 225/8,947 P for
(lowest) RR RR RR RR trend
(95% CI) (95% CI) (95% CI) (95% CI)
Model I* 1.0 1.16 1.11 1.60 1.62 <0.0001
(0.92,1.47) (0.88,1.41) (1.28,2.00) (1.30, 2.02)
Model 112 1.0 1.16 1.11 1.59 1.62 <0.0001
(0.92,1.47) (0.87,1.41) (1.27,1.99) (1.29, 2.02)
Model 1113 1.0 1.16 1.10 1.56 1.56 <0.0001

(0.91,1.46) (0.86,1.40) (1.24,1.97) (1.22, 1.99)

P value for trend was modeled as a continuous variable with the use of the median value of each
quintile

All data presented as RR (95% CI) unless otherwise noted

N= number of participants whose BMI increased to > 27.5 kg/m? at follow up from baseline,
PY=person years

'Adjusted for age, sex, dialect, year of interview, baseline BMI, education

Adjusted further for physical activity, hours of sleep and television

®Adjusted for aforementioned variables and energy intake

*N=18,436, 928 person with new obese status, person years (PY) follow up total 104,110 for VFS
pattern

*P interaction between baseline BMI and DSM pattern =0.08

*69 persons with BMI < 23.0 at baseline reported incident obese status at follow up
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Chapter 7. Manuscript 2: Dietary patternsand risk of type 2
diabetes. The Singapore Chinese Health Study

I ntroduction

Rates of type 2 diabetes mellitus in Asia are reaching epidemic proporiibas
prevalence has increased three to five fold in Southeast Asia during the @astetades
and there is evidence this increase is occurring rapidly in areas of Chilradenand in
younger age group’.In Singapore the prevalence in Chinese nearly doubled from 1984
(4.7%) to 1998 (8.0%)>° These increases in Southeast Asia are beyond the increase in
rates observed in the United States and other parts of the‘hdPfSubstantive shifts in
socioeconomic, demographic and lifestyle patterns are thought to be respbn¥ible.

Central to these epidemiologic patterns, as well as prevention and etiology of type
2 diabetes, through its role in energy balance, and other pathways of physiologica
significance such as insulin resistance, sensitivity and glycemimtastdietary intake.
The majority of research on diet and type 2 diabetes has focused on individual foods and
nutrients which are part of a larger dietary pattern of consumption of many foods
containing many different nutrients. The data from this single food/nutrient apgsoa
valuable, but best interpreted in the scheme of all the related resedreldastcan be
confounded by the overall dietary pattern, and have effects too small to identity due t
methodological issue$'® Additionally, people eat food rather than nutrients in isolation,
and consume mixed meals with potential interactions among food and nutridfitss,
consideration of the whole spectrum of a dietary pattern may be most germane to

health!%®
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Analysis of food consumption patterns in populations in relation to health is
becoming more commar’ Most use data driven techniques such as principal
components analysis (PCA), factor analysis, or cluster analysis to detey ghatterns
from surveys or food frequency questionnaires. Multiple epidemiological studies have
examined associations between dietary patterns and type 2 diabet&s' sk 12’
Generally, these studies have suggested that higher intakes of vegatddiest, whole
grains, fish and low fat dairy may be protective for diabetes risk and highlezsraa
processed grains, sugars through different mediums, processed and red meaés] and fri
foods may be pernicious for diabetes risk. In light of the similar dietary B)tpk#erns,
and composition of the populations previously studied, research considering dietary
patterns in a Chinese population may provide useful information for similar Asian
populations and further insight to the diet-diabetes association.

The Singapore Chinese Health Study (SCHS) is a population-based prospective
cohort investigation of over 63,000 Chinese men and women in Singapore. The aim of
this paper was to derive dietary patterns and examine their associahiarskibf

incident type 2 diabetes in this cohort.

Subjects and M ethods

Study Population
The design of the Singapore Chinese Health Study has been previously
described>* Briefly, the cohort was drawn from men and women, aged 45 to 74 years,
who belonged to one of the major dialect groups (Hokkien or Cantonese) of Chinese in
Singapore. Between April 1993 and December 1998, 63,257 individuals completed an in-

person interview that included questionsdemographics, height, weight, use of
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tobacco, usual physical activity, menstrual and reproductive history (women only)
medical history, family history of cancer and a 165-item food frequertiypseassessing
usual dietary intake of the previous yeaifollow-up telephone interview took place
between 1999 and 2004 for 52,325 cohort members (83% of recruited cohort), and
guestions were asked to update tobacco and alcohol use, medical history, and menopausal
status of women. The institutional review boards at the National University cifsirey
and the University of Minnesota approved this study.
Assessment of diet

A semi-gquantitative food frequency questionnaire specifically developeki$o
population assessing 165 commonly consumed food items was administered during the
baseline interview. During the interview the respondent referred to accomganyi
photographs to select from eight food frequency categories (ranging frorer‘oe
hardly ever” to “two or more times a day”) and three portion sizes. Additignal
frequency of eating breakfast, lunch and dinner at Hawker centers/restauaardlso
assessed. Hawker centers are ubiquitous in Singapore and other parts ofvese, se
variety of foods all day long, and resemble fast-food courts in U.S. shopping fitadis.
food frequency questionnaire has subsequently been validated against a seriesuof 24
dietary recall interviews in a random sample of 1000+ participants that occurred on one
weekday and one weekend day approximately two months’apastyvell as selected
biomarker studie§>> **® A range of 0.24 to 0.79 in correlation coefficients of
energy/nutrients was obtained using two methods, and the majority of maceovsutr

and food groups display correlation coefficients in the high end of this reportedtange

102



In conjunction with this cohort, the Singapore Food Composition Table was
developed, a food-nutrient database that lists the levels of 96 nutritive/nonnutritive
components per 100 g of cooked food and beverages in the diet of the Singaporean
Chinese. By combining information obtained from the food frequency questionnaire with
nutrient values provided in this food-nutrient database accounting for raw and cooked
foods, and utilizing food composition and nutrient data from the cancer researclhotenter
Hawaii as well as composition tables from China, Malaysia and Taiwan, reeabie to
compute the mean daily intakes of nutrients for each subjfect.

Assessment of Diabetes

Self-reported diabetes as diagnosed by a physician was evaluatediaelzaxel
participants with a history of diagnosed diabetes were excluded from analjesietds
status was assessed again by the following question asked during theujpllelephone
interview: “Have you been told by a doctor that you have diabetes (high blood sugar)?”
If yes: “Please also tell me the age at which you were first diagriostatticipants were
classified as having incident diabetes if they reported developing diabgtesean
between the initial enrollment interview and the follow up telephone interview that
occurred between July 1999 and October 2004.

A validation study of the incident diabetes mellitus cases used two different
methods and is reported in detail in Odegaard €¢ &irst, cases were ascertained
through linkage with hospital records in a nationwide hospital-based discharge summar
database, an administrative database in the Singapore Ministry of He#lgubjects in
the study had been admitted to hospitals for diagnoses carrying diabeessli@R
codes (250.00-250.92) after recruitment into the cohort, they were considered a valid
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case. Cases that did not have hospitalization records available with dratbesttes-
diagnoses were contacted to answer a supplementary questionnaire regjangitagns,
diagnostic tests and hypoglycemic therapy during a telephone interviealid’case had
the following 3 criteria: 1) confirmed diagnosis later than the baseline ietedate, 2)
diabetes still present at time of interview, and 3) use of oral medicatiomsudini

injections to treat diabetes.

Statistical Analysis

Participants who died before the follow up interview (7,722), reported baseline
diabetes (5,469), cancer, heart disease or stroke (5,975), reported extrepeeifiex s
energy intakes (<600 or >3,000 kcal women) (<700 or >3,700 kcal men), and 17 (0.03%)
subjects from the initial cohort that migrated out of Singapore suggestingrtigaaton
or lost to follow up among the study participants is negligible. These, along witkrfurt
exclusion of 20 participants whose diabetes status was not clear after dativaleffort,
left 43,176 participants in the present analysis.

Dietary patterns were derived using principal component analysis (PCA) SAS
version 9.1 (SAS Institute Inc, Cary, NC). The aim of PCA in nutritional aealis to
account for the maximal variance of dietary intake by combining the maeyeatitf
dietary variables into a smaller number of factors based upon the interoonsetHt
these variables. All 165 foods and beverages, including alcohol, were first staedaodi
the same frequency/month unit before the PCA method was applied and factors were
extracted. The factors were rotated orthogonally to maintain an unoedrstate and

improve interpretability, and a two factor solution was retained based upon eigsnvalue
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scree plot and factor interpretability. The factor loadings presentéuigisg

statistically significant (p<0.0001) in consideration of a formula accountinggimple

size and the critical value in a table for correlation as suggested by Stthewrs.
comparability and interpretability of our results we present factor loadirfj20 even
though values <0.20 are statistically significant due to the large samglefthe study.
This cutoff aligns with previous studi&s;*?* 126 123|though these studies did not
specify if the factor loadings presented were chosen on statisticalGge#i. Factor
scores for each participant were calculated by multiplying thkard&the standardized
food item by their respective factor loadings on each pattern. The scoreeare |
variables and represent the weighted sum of all 165 food items. Participants were
divided into quintiles by score to indicate the level their dietary intakesmonded with
each pattern, i.e. a higher score corresponds with greater conformity toiviee de
pattern. Factors were initially extracted by sex, dialect and smokiog stad were

highly similar in loading structure and disease prediction to the reported whole cohort
factors, so the factors derived from the overall cohort were 0$edpatterns were
named vegetable, fruit and soy rich (VFS) and dim sum and meat rich (DSM)es thes
foods loaded strongest and most frequently on the respective patterns. Thatgersit
reproducibility of the patterns have previously been shown to be sffong.

Baseline and dietary characteristics were calculated for pemis who remained
free of and developed type 2 diabetes during follow up; as well as across sjwhééch
dietary pattern score. Tests for trend across dietary patterns scaegseviermed by
assigning the median value of the quintile to the respective categories aralgethis as
a continuous variable into the models. Person-years for each participanaigatated
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from the year of recruitment to the year of reported type 2 diabetes dmgmogear of
follow up telephone interview for those who did not report diabetes diagnoses. Relative
risks per quintile of dietary pattern score were estimated by Cox pamarhiazards
regression models using SAS statistical software. There was no evilahce
proportional hazards assumptions were violated as indicated by the lack o¢angnif
interaction between the dietary pattern scores and a function of survivah tihee
models. Other known or suspected risk factors for diabetes assessed with the basel
guestionnaire included: Age (years), smoking habits/status (age statteatfrpunt,
frequency, type), highest educational level reached, BMI (Rgfaiculated using self-
reported height and weight, amount (hours) of moderate (e.g. brisk walking, bieytling
level ground) and strenuous (e.g. jogging, bicycling on hills, tennis) physicalyaotivi
weekly basis.

Three main models were constructed to examine the association betwegn dietar
pattern score and risk of type 2 diabetes: Model 1 included baseline age (<50, 50-54, 55-
59, 60-64, 65+), year of interview (1993-95 and 1996-98), dialect (Hokkiens vs.
Cantonese), sex and total energy intake (kcal/day). Model 2 included variables in mode
1 plus education (none, primary, secondary+), smoking (no, former, current), raoderat
activity (none, ¥z hr-3 hrs/wk, 4+ hrs/wk) and strenuous activity (yes vs. no), and history
of hypertension (yes vs. no). Model 3 included those variables in Model 2, plus baseline
BMI {kg/m? as the original BMI and its quadratic term (B)4s this may represent a
mediator in this diet-diabetes relationship. Analyses testing for intaraaif sex, age,
smoking, physical activity and BMI with the dietary pattern scoresefisas
stratification, were completed. Additional analyses examined how the d&sooiahe
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VES or DSM pattern varied by the score on the other respective patterw, Lastl
sensitivity analyses excluding cases with less than two yeasay fup were also

carried out to account for potential reverse causation.
Results

Of 43,176 men and women with 246,898 person-years of follow up, 2,252
developed type 2 diabetes, or approximately 5.2%. Characteristics of partigipants
developed type 2 diabetes over follow up are compared to participants who remained
disease free ifiable 7.1. Incident cases of diabetes were older, had increased BMI,
reported less physical activity, less education and smoked more. There were no highly
significant differences in consideration of dietary macronutrients.

Two main dietary patterns were derived from principal components analysis. The
first pattern was named vegetable, fruit and soy rich (VFS) and factor leddirttpis
pattern are shown ifiable 7.2. The higher the loading (correlation) between a food and
a factor the more that food uniquely contributes to the pattern score. Of 45 foods loading
above the noted minimum threshold on this pattern, 23 were vegetables, 5 were fruits and
5 were soy based items. Additionally, different types of fresh and preseafedde
loaded highly on this pattern. The dim-sum and meat rich pattern (DiSid)e 7.3)
contained 54 items, predominantly dim-sum, a variety of fresh and processedmdeats a
seafood, noodle and rice dishes consumed at levels beyond other dietary patterns,
sweetened foods and deep fried foods. Only one food (ung choi, a type of spinach)
loaded above 0.20 on both patterns. Most dim sum foods are savory pastries- steamed or

deep fried dumplings, filled buns, noodles, or sweet pastries, meats and some vegetables
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Dim sum is usually served in small quantities so a wide variety of foods magnpeeda
and is part of small to large meals.

Baseline characteristics and relative risks are presented by smtaktung)(sver
VS. never) as there was evidence that the association between the dietang pat type
2 diabetes was modified by smoking (P=0.06 for interaction). Overall, 31,326
participants reported no history of smoking, and 1,570 developed type 2 diabetes (5.0%)
and 11,850 reported a history of smoking, and 682 developed type 2 diabetes (5.8%).
Table 7.4 shows baseline characteristics of the study sample according to sntakirsg s
by quintile of the VFS dietary pattern score. On average, both ever and never smokers
were more physically active and a higher percentage female withexr Mg dietary
pattern score. Ever smokers were older on average and had a lower BML as well
Dietary-wise, ever and never smokers with higher scores on this pattern lead@acr
fiber, dietary fat and dietary fatty acid ratios, protein and soy protein, anebdedr
carbohydrate and starch intak&@sable 7.5 shows baseline characteristics by smoking
status according to quintile of the DSM dietary pattern score. On average, both eve
smokers and never smokers were younger, less physically active and mateeduc
across increasing quintiles of DSM dietary pattern score. The percentaga of
increased across increasing quintiles of the DSM pattern. In contrast to$heattern,
participants had lower fiber intake, soy protein intake and dietary fatty dicisl aaross
increasing quintiles of DSM dietary pattern score.

We also looked at the frequency of consumption of different dishes and foods by
how they were grouped and assessed in the baseline interview FFQ while also
considering their culinary/nutrient profile across quintiles of VFS riclepatcore
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(Table 7.6) and the DSM rich pattern scorgapble 7.7). Rice dishes display a similar
range of intake across both patterns; however, the DSM pattern factor losuljggst
that rice is consumed more often in different preparations compared to the 88. pa
Noodle based dishes, as well as pork and other meats, have a narrower range and lower
level of consumption on the VFS pattern compared to the DSM pattern across increasing
pattern scores. Further, consumption of whole grain and dairy based items decreased
across the DSM pattern and increased across the VFS pattern score. Of note,
consumption of dim sum and snack type foods displayed increasing trends across
quintiles of both dietary patterns, however the range and amount of reported intake was
significantly greater across the DSM pattern. Additionally, eatritawker stands and
restaurants decreased across the VFS pattern and significantlg@tceeaoss the DSM
pattern. One other area of note where intakes went in different directions jzettess
scores were in western fast food consumption (hamburgers, French fries, sandwiche
pizza, etc) and soft drinks where intakes decreased across VFS pattermdcore a
increased across DSM score. Lastly, beverages such as coffee displagiedrange
and higher level of consumption across the DSM pattern, green tea intake dppeare
higher and displayed a wider range in the VFS pattern and black tea intake appeared
higher and displayed a wider range across the DSM pattern. Alcohol intakealekds/
in the cohort and did not associate with the VFS pattern, but increased significantly
across the DSM pattern.

In summary, and as aptly noted in Butler €t athe traditional Singapore
Chinese diet consists primarily of mixed dishes that are generally highned-ef
carbohydrates (e.g., noodles and white rice), soy foods, and green leafy vegatables
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contain relatively small quantities of meats, such as chicken and pork. However,
indicative of a population that has transitioned from low to high socioeconomic status
there was a wide distribution of more traditional dietary components (e.gakbksget

soy, and fish) and non-traditional (e.g., meats and dairy) as displayed in & alnles .
Furthermore, other traditional foods typically reserved for special occasionthus
typically consumed infrequently, (e.g. Dim Sum and meat centered dishest@pging

a more prominent role in the usual diet.

Relative risks for incident type 2 diabetes mellitus by smoking stagus ar
presented iTable 7.8. The decision to present results stratified by smoking status was
based on the potential interaction between the DSM pattern and ever-smoking (p=0.06)
and visible differences in hazard ratio (HR) and trend across the quintiles of latl die
pattern scores. Overall, there was no association with the DSM or VFS didtarg pa
score and type 2 diabetes in ever smokers. Attempts to account for potential confounding
through stratification by sex, BMI, age, physical activity, and smoking$éhitrent vs.
ex, duration and amount) did not change this null finding.

Conversely, in never smokers an inverse association was observed for type 2
diabetes mellitus risk in quintiles 2-5 of VFS dietary pattern score compuatiee! first
quintile of the VFS pattern. The association persisted after adjustmentgoteaitial
confounders including BMI. Because of the apparent threshold of the association in
quintiles 2-5 of the VFS score they were combined into one group and compared to
quintile 1 of the VFS score. With this approach a 21% reduction in relative risk was
observed (HR=0.79; 95% CI 0.70-0.90). Hypothesized tests for interaction between VFS
pattern score in never-smokers and BMI, physical activity (ever) and agel] as we
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stratification efforts provided no evidence of any effect modificatioh thiis pattern.
Excluding cases with less than two years follow up did not materially cthege
association.

Because each participant receives a score for each patteranvamed how
eating on the VFS pattern may differ by eating on the DSM pattern by alndating
the pattern scores and comparing the relative risks across catefaondlis analysis
approach in never smokers, quintiles 2-5 of the VFS pattern were grouped and compared
to VFS quintile 1 according to DSM dietary pattern score (quintile 1, quintiles 2-4 and
quintile 5). Figure 7.1 displays the results. The point estimates of relative risk in
quintiles 2-5 of the VFS pattern do not appreciably differ from the main models
according to DSM pattern quintiles 1 and 2-4; although the association is non-argnific
in DSM quintile 1. However, participants who reported a dietary pattern score in the
highest quintile of the DSM pattern appeared to have potential benefit of the V&S patt
nullified, (HR=0.95; 95% CI 0.71-1.29).

In the main models for the DSM pattern in never smokers the hazard ratio
increased similarly in the second through fourth quintiles of DSM dietarypattere
compared to the first quintile of DSM pattern score. A 55% increase in risk was
observed in the full model (2) in th& Huintile of DSM score (HR=1.55; 95% CI 1.29-
1.86,P for trend=<0.0001) compared to the first quintile. This was nominally attenuated
upon adjustment for BMIT(able 7.8). A test for interaction between BMI (median) and
DSM dietary pattern score was not statistically significant (p=0.12), Vextke

association was more pronounced and displayed a robust trend in the higher end of BMI,
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where only DSM dietary pattern scores in tfegfintile were significant in the lower
end of the BMI spectrur{Figure 7.2).

Similarly, a test for interaction of baseline age (<60 vs. 60+) by DSMrylieta
pattern score suggested (p=0.76) that the association does not differ by agmn aget
stratified analysisKigure 7.3) suggests a more marked association in never smokers
aged 60+ (n=7,992) in th&"&s. ' quintile of DSM pattern score (HR=1.76; 95% ClI
1.26-2.46 P for trend=0.003yvhere a lesser association in younger participants (age <60,
n=23,334) in the Bvs. £' quintile was observed (HR=1.31; 95% CI| 1.05-1B8r
trend=0.05).Figure 7.4 presents results from an analysis considering the DSM pattern
and diabetes risk stratified by any physical activity (moderate enmgius n=8,888) vs.
no reported physical activity (n=22,418). A statistical test for interactioveleet
physical activity and DSM dietary pattern score did not reveal strongneader risk
differing by activity level (p=0.16). However, in participants reporting @mysical
activity there was a non-significant increase in risk that was conlgexttenuated
compared to the main model. In participants reporting no physical activity the
association increased in a similar trend to the main model with nominally |latgkve
risks.

The results from an analysis examining risk of type 2 diabetes aftaepsiall) the
DSM pattern score into quintiles 1, 2-4 and 5 and stratifying by quintiles 1 and 2-5 of
VES pattern score is displayedfigure 7.5. Compared to quintile 1 of the DSM
pattern participants scoring in th& guintile of the DSM pattern while also scoring on
quintiles 2-5 of the VFS pattern had a 42% increase in risk (HR=1.42; 95% CI 1.16-
1.74). Non-significant increases in risk were observed among the other estegor
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potentially due to lack of power. Lastly, excluding diabetes cases witthbs$swo
years of follow-up time did not materially alter the results in any aisatpssidering the
DSM dietary pattern score.
Discussion

In this large prospective study of Chinese Singaporeans, two main dietemgpat
were identified. A pattern characterized by high consumption of vegetables,rfauit, a
soy products and some fish and seafood was termed vegetable, fruit and soy rich. The
other dietary pattern was characterized by high consumption of dim sum, fresh and
processed meats, higher levels of noodles and rice dishes, and some sweetenied deep fr
foods and was termed dim sum and meat rich. The results from the Cox regression
analysis were modified by smoking status and neither pattern was ssseath an
increased risk of diabetes in ever-smokers even though ever-smokers had eategtfer
incident diabetes. In never-smokers the VFS dietary pattern was assauaidt a lower
risk for type 2 diabetes. In contrast, the DSM dietary pattern was assowiét a
significant increased risk of type 2 diabetes. Both patterns in never-snagkerstill
highly significant after adjustment for all potential confounders in this cohduiiimg
BMI, physical activity and age. In addition, although not statisticallyisognt, the
association of the DSM pattern with type 2 diabetes was more pronounced in overweight
participants, participants older than 60 years of age, and participants reporting no
physical activity. Lastly, a diet corresponding to the highest level d8i pattern
appears to suppress any benefit of the VFS dietary pattern.

Five previous studies have examined the association between dietary patterns and

risk of incident type 2 diabeté&*?* 1?® 2There are some consistencies, similarities
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and differences between the studies. First, the age range of participsusismlar in all
of the studies except for a small portion of participants who were younger gimtty/sli
older in the Melbourne Collaborative Cohort Stdtfy All of the previous studies were
primarily persons of Caucasian descent except for the study from NESAulti-
ethnic study in the United States. In the derivation of the dietary pattestsdis used
PCA to derive the dietary patterns. However, Hodge &f alas the only other study
besides the present that derived patterns on individual foods rather than food groups.
PCA utilizing epidemiological nutritional data involves multiple steps witlabitrary
decision component. Analyzing individual foods avoids a step involving assumptions,
potentially simplifying the approach and the end public health message. The end point
(type 2 diabetes) in each study appears to be valid and even conservative in some
instance§?2—124, 126, 127

The VFS pattern in the Singapore Chinese health study has similarities in loading
structure and association with type 2 diabetes to dietary patterns termddrifirin the
Nurses’ Health Stud{®, The Health Professionals Follow up Sttfdyand a Finnish
study?* all of which found suggestively inverse or inverse associations between this
pattern and type 2 diabetes. These patterns were all high in vegetablesyfoigs
grains, legumes, fish, and poultry and low fat dairy to an extent. The cooking methods of
the fish and poultry were undefined. Of note, the study by Montoneri%did. not
account for physical activity in their analysis so the interpretation oinrsse
association with the “prudent” dietary pattern should occur with caution. In thenpres
study, the VFS pattern differs from previous populations examined in thatieelglat
high level of soy products are consumed in this population and essentially all tise grai
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are refined or processed. Furthermore, dairy and non-soy legumes are noeptomi
usual dietary components in this Chinese population. Regardless of the differences, thi
pattern was associated with higher fiber intake and potentially bexéétty acid intake
and ratios beneficial for diabetes rfSk'"*Soy has also been shown to be beneficial in
diabetes risk’? "*The other aforementioned studies derived similarly beneficial dietary
patterns that were rich in vegetables, whole grains and4fistmd whole grains, fruit,
nuts and fistt?” They also reported patterns loaded with vegetables arid/ #stu
vegetables and legurmé&with null results. While seemingly similar to the other patterns
in the same study and the aforementioned prudent dietary patterns, a potential
explanation for the null results is these two studies were comparativelgdezieous in
ethnic makeup, and the dietary assessment tools in these studies were ngpettifiag-
even though valid, potentially adding further noise than usual to a risk estimate as the
complete diet may not have been assessed or reported. Potential residual confqunding b
ethnicity should also be considered as well as these patterns could be considered
factorially complex, since some food items and groups load significantly quatiesns.
In short, the VES pattern displays similarities with other dietarynpatees well as
individual food components healthful for delaying or preventing type 2 diabetes.
Moreover, the racial, cultural and geographical difference with previous strdibss
topic highlight important dietary similarities and differences, points todhgbtcated
and heterogeneous nature of the diet-diabetes association, and provides other similar
Asian populations a dietary pattern to identify with.

The dim-sum and meat rich dietary pattern (DSM) was the other main pattern in
the Singapore Chinese Health Stu@ymilar to the previous studies on this topic that
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presented a dietary pattern with higher consumption of meats, fried food&rseeke

foods and beverages, SCHS participants eating a diet highly conforming to the DSM
pattern observed a significantly increased risk of type 2 diabetes. Theseipstudies
also noted higher levels of refined grains on their “western” and “consetvative
patterns?****The DSM pattern differs on this respect as refined grains such as white
rice and noodles made up essentially all the grain component of the usual diet in this
population. However, on average, there were higher levels of noodles and rice on this
pattern, as well as decreased whole grains compared to the VFS pattern in thaiggropul
or the lowest quintile of DSM dietary pattern score. In addition to the DSMylietar
pattern having foods more commonly consumed that have been associated with type 2
diabetes such as sugar sweetened bevet&gESmeats;?® and fried foods® the

nutrient composition and decreasing fiber and dietary fatty acid ratiosara@rable

for glucose and insulin metabolisift: **”

The interactions of the DSM pattern with age, physical activity and BMI did not
present as statistically significant, but similar trends were observeldiiomeo previous
studies. Risk was more pronounced on those with higher relative weights, age and no
physical activity. In the Health Professionals Study the westermyjg#tern- type 2
diabetes association was significantly more pronounced in obese persons, \peghsons
low levels of physical activity and higher agés.The Nurses’ Health Study suggested a
more pronounced and similar risk pattern in obese women a&%véfi the Finnish
based study the prudent dietary pattern appeared to be more beneficial dethe ol
portion of the cohort?* Lastly, the data from the SCHS show that the associations
observed were limited to never-smokers. Only the Finnish study appeared to check for
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any difference in association by smoking. They found that the association inéteee

meat and fried food rich conservative pattern was stronger in current smokersws. e
never smokers and the potential benefit of the prudent dietary pattern wed bionéx or
never smoker&*

The attempts to look at any potential difference in the associations of the VFS
pattern or DSM pattern score by dietary pattern score on the other respettiteipa
cross tabulation analysis showed that eating higher on the VFS pattern had an invers
association with diabetes risk unless one ate on the highest quintile of the D&M patt
score. Further, it appears if SCHS participants eat a diet to the highesthaonof the
DSM pattern there is still an increased risk of type 2 diabetes when egimgrhihe
VFS dietary pattern, suggesting a diet mainly of the constituents cimgehaghly with
the DSM pattern nullify the benefits of increased vegetables and fruit and other
components of the VFS pattern on average in this population. The only other study to
look at diabetes risk by cross-tabulating dietary pattern scores wastighrstudy >
which found that the association with a pernicious diet was higher among persdoas wi
lower prudent diet score. The higher prudent score did not improve among persons with
low conservative scores, a nutritionally poor diet.

Unlike previous studies on this topic the association in the SCHS only occurred in
never-smokers. Smoking has been shown to be a significant, independent causal risk
factor for type 2 diabetes in a recent meta-analy8indeed, ever-smokers in the SCHS
had a higher incident rate of type 2 diabetes. Multiple pathways of pathophysiblogic
significance appear to be involved in the smoking-type 2 diabetes associaticouidat
confound the association between dietary intake and type 2 diabetes including smoking
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& oxidative stress and beta cell dysfunctigi®®

contributing to insulin resistané
accumulation of greater abdominal fat compared to non-smdk&r§*and weight gain

in those who quit, cycle, or are heavy smoK&t®otential non-causal contributors to the
association include the clustering of non-healthy behaviors such as low lepbigsmfal
activity and poor diets, especially in lower socioeconomic stat(sésowever, the

dietary intake and activity patterns in the SCHS were highly similardagtwver and

never smokers. It has also been shown that smoking has significant effects on oral and
intravenous glucose tolerance tests thus influencing detection of did3et®sThese
potential causal and non-causal mechanisms may help explain why no inversgiassoc
was found in the VFES pattern in ever-smokers. Limited evidence along these lines
examining oxidative stress and type 2 diabetes provides support for this hypothesis as
dietary factors did not explain the long term effects of smoking on glucose
homeostasi$®’ Additionally, a prospective study investigating serum carotenoid levels
as a marker of a high plant food diet suggested that smoking annuls the potentially
protective effect of high antioxidant consumption on diabetes risk, and antioxidant
metabolism may behave different in smokers vs. nonsmdKers.

On the other hand and in consideration of the DSM dietary pattern and the
evidence on this topic, hypothesizing a further increased risk in the DSM pateaseri
smokers would not seem to be out of line with current dietary and smoking evidence in
relation to diabetes. Montonen et4lhas been the only other study to investigate this
association and observed a greater increased risk in current smokers patingliat
compared to ex or never smokers. With limited evidence to draw on, one hypothesis to
explain this null association could be that competing risks and thus other outcomes
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occurring before diabetes limit the ability to detect any associatitroge teating a diet
conforming highest to the DSM pattern and smoking. The incident rate in ever smoker
increases across the DSM dietary pattern in the first three quintiles andrdips off.
Otherwise, our data may be evidence that smoking alters glucose/insulin msgtabol

Indeed, we were not able to specifically assess any parameters to prodéree for or
against this and do not make any conclusions related to this topic beyond needing further
research.

Only a handful of other studies have prospectively investigated the association
between dietary patterns and type 2 diabetes risk. The SCHS is unique in theadigtary
lifestyle habits, and ethnic composition of its population. The use of a food frequency
guestionnaire that was specifically developed and validated in the population and has
been shown to be internally consistent and reproducible for dietary patterns is anothe
strength. The prospective nature, high participant response rate, detailettboodiec
data through face to face interview, very low level of participants lost to folpvand
validated diabetes case status are other strengths to consider in imgbetesults.

Limitations to consider in the interpretation of our data include the subjective
nature of principal components analysis- determining the number, labeling and
interpreting the patterns specifically; however, we attempted to nmaotigectivity in
each of these steps. Inevitably diet was measured with some error, altisugbuid
most likely result in non-differential misclassification and likely unelgimation of risk.
The self report of other lifestyle related data such as smoking, physieéyatd BMI
may also result in some misclassification and residual confounding in our models.
Related, no data on family history of type 2 diabetes was collected. Additicazatly
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though type 2 diabetes case status was validated, blood samples in the whole cohort were
not measured for blood glucose levels so cases of type 2 diabetes are likely
underestimated.

In conclusion, after empirically deriving dietary patterns we found arpatte
characterized by high vegetables, fruits and soy foods was inversely tebogih risk
of incident type 2 diabetes and a pattern characterized by high dim sum, meat and
processed meat, sweetened foods and beverages and fried foods was assdtiated wit
significantly increased risk of type 2 diabetes in a large cohort of Chinesande
women in Singapore. These associations were limited to never smokers although
smokers had higher incident rates of type 2 diabetes. Dietary patternsgare torthe
populations they are derived from, yet consistencies across populations suggest tha
increased plant food intake such as vegetables, fruits, soy, whole grains andlageime
beneficial for diabetes risk, where as higher level of meat, processgdsmeetened
foods and beverages and fried foods increase diabetes risk. Further large studies on
dietary patterns and the risk for type 2 diabetes homogeneous in differehamdcia
ethnic groups and in different geographical areas are warranted and may prdkite fur
insight into, as well as confirming, diet-diabetes associations. Laltstseo curb
smoking in South and Southeast Asia, where diabetes rates have greatseiti¢nemy
have wide ranging public health benefits especially when combined with an idprove

quality of diet.
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Table 7.1: Baseline characteristics by type 2
diabetes status during follow-up: SCHS

Characteristic Free of Incident

T2DM T2DM
N 40,924 2,252 P
Sex (% female) 57.6 57.2 0.73
Age 55.2 (7.6) 56.1 (7.5) <0.0001
BMI 22.9 (3.3) 24.8 (3.1) <0.0001
*Moderate Activity min/wk 51 (0.9) 47 (4.0) 0.25
Strenuous Activity (% ever) 7.9 5.7 0.0002
Education (% secondary) 31.0 245 <0.0001
Smoking, Ever (%) 27.3 30.3 0.018
Hypertension (%) 18.6 35.9 <0.0001
Dietary Intakes
Total energy (kcal/day) 1567 (520) 1558 (537) 0.43
Alcohol (drinks week) 1.0 (3.9) 0.9 (4.2) 0.24
Carbohydrate (% energy) 59.1(7.2) 59.0 (7.4) 0.66
Fat (% energy) 25.2 (5.3) 25.1 (5.7) 0.70
Saturated fat (% energy) 8.9 (2.5) 8.9 (2.6) 0.79
Monounsaturated fat (% energy) 8.5 (2.0) 8.5(2.1) 0.72
Polyunsaturated (% energy) 5.1(1.9) 5.1(1.9) 0.18
Omega-3 fatty acids (g/day) 0.9 (0.4) 0.9 (0.4) 0.48
Omega-6 fatty acids (g/day) 8.0 (4.2) 7.9 (4.3) 0.14
Protein (% energy) 15.2 (2.4) 15.3 (2.5) 0.004
Soy protein (% total protein) 9.8 (6.2) 9.8 (6.1) 0.53
Fiber (9/1000 kcal) 8.2 (2.6) 8.1(2.5) 0.003
Starch (g/1000 kcal) 104.1 (23.4) 104.9 (23.4) 0.12
Starch/Fiber ratio (g) 14.4 (7.0) 14.7 (7.0) 0.03
Poly/Saturated fat ratio (g) 0.63 (0.32) 0.62 (0.32) 0.25
Mono/Saturated fat ratio (g) 0.99 (0.20) 0.98 (0.19) 0.24

*All values mean (standard deviation) except “Moderate activity mean (SE)
SCHS= The Singapore Chinese Health Study
T2DM= type 2 diabetes mellitus

P for difference by t test (continuous variables) or x? (categorical variables).
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Table 7.2: Factor loadings for foods with vegetable, fruit and soy rich
dietary pattern in Singapore Chinese Health Study

Food Item Food Loading
type

Cauliflower \ 0.53
Green beans/peas \ 0.52
Yin choi, po choi \Y 0.49
Other tau kwa S 0.47
Carrots \ 0.47
Other plain tofu S 0.45
Head cabbage, wong nga pak \ 0.44
Tung goo O, Pr 0.43
Broccoli \ 0.43
Tou gay, tai tau nga \ 0.42
White potatoes V, St 0.42
Gum jum, dried fungus O, Pr 0.41
Choi sum \ 0.41
Corn \ 0.39
Fu kua, mo qua \ 0.39
Tomatoes \ 0.39
Kai lan \ 0.39
Pak choy, siew pak choy \ 0.37
Foojook vegetarian meats S 0.36
Other dark green leaves \ 0.35
Head lettuce, Chinese lettuce \Y 0.35
Watercress \ 0.34
Fish ball/cake Fi 0.33
Kai choi \ 0.33
Other tau pok S 0.31
Celery \ 0.33
Yong tau foo S 0.31
Cucumber \ 0.31
Canned baked beans L 0.30
Ikan bilis Pr, Fi 0.30
Ung choi \ 0.29
Onions \ 0.29
Boiled/steamed fish Fi 0.27
Apples F 0.26
Pan/stir fried fish Fi 0.26
Pan/stir fried chicken P 0.26
Gee choi \% 0.26
Other dried seafood Fi, Pr 0.24
Bananas F 0.23
Salted leafy vegetables V, Pr 0.23
Pears F 0.23
Chinese chives V, O 0.22
Fermented bean paste O, Pr 0.21
Papaya F 0.20 Dietary variance explained 6.7%
Watermelon F 0.20

*Factor loads correspond to Pearson correlation coefficients between the food and the respective dietary pattern.
-Definitions of abbreviations: B-beverage; C-condiment; Da-dairy; DS- dim sum/snack dish;

F-fruit; Fi-fish/shellfish/seafood; L-legumes; M-meat; O-other; P-poultry; Pr- preserved; S-soy food; St-high starch
item (e.g. noodle dish, rice dish); Sw-sweet; WG-whole grain
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Table 7.3: Factor loadings for foods with dim  -sum and meat rich dietary
pattern in Singapore Chinese Health Study

Food Item Food Loading Food Item Food Loading
type type

Gravy noodle St, M 0.42 Salted roots Pr, vV 0.21

Chicken rice St, P 0.41 Red/green bean soups DS 0.21

Siew mai DS, M 0.41 uUng choi \ 0.21

Chicken, mutton curry M 0.39 Balachan C 0.20

Other steamed snack DS, M 0.38 Chee cheong fun DSM 0.20

Roasted duck or goose P 0.37 Deep fried fish Fi 0.20

Other pig organs (intestine) M 0.37 Western Cakes DS,Sw 0.20

Otar otar DS 0.37 Deep fried shallots c 0.20

Preserved eggs O, Pr 0.36 Fresh Chilis c 0.20

Belly pork M 0.36

Steamed meat bao DS, M 0.36

Pork satay M 0.35

Roti prata St 0.35

Glutinous rice dumpling St, M 0.35

Other flavored rice St, M 0.35

Dry noodle dish St, M 0.35

Coconut rice St 0.35

Deep fried chicken P 0.34

Ngor hiang DS, M 0.33

Curry rice St 0.33

Other fried noodle St, M, Fi 0.32

Puffs, curry or bean DS,V 0.32

Chinese rojak DS,V 0.32

Deep-fried snacks DS 0.32

Popiah DS, M 0.32

Luncheon meat M 0.31

Chicken satay P 0.31

Lup chong M 0.30

Squid Fi 0.30

Coconut desserts DS, Sw 0.29

Soft drinks B, Sw 0.29

Fried rice St 0.28

Pork liver M 0.28

Canned sardine Fi 0.28

Salted fish Fi, Pr 0.28

Shrimp Fi 0.27

Eggs 0] 0.27

Salted leafy vegetables V, Pr 0.27

Sweet kuey DS, Sw 0.26

Coffee B 0.25

Sugar (added to coffee) Sw, C 0.24

Steamed sweet bao DS, Sw 0.23

French fries St, O 0.23

Other pork M 0.23 Dietary variance explain ed 6.5%

Other dried seafood Fi, Pr 0.22

*Factor loads correspond to Pearson correlation coefficients between the food and the respective dietary pattern.

-Definitions of abbreviations: B-beverage; C-condiment; Da-dairy; DS- dim sum/snack dish; F-fruit; Fi-

fish/shellfish/seafood; L-legumes; M-meat; O-other; P-poultry; Pr-preserved; S-soy
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Table 7.4: Participant ¢ haracteristics by smoking status across

pattern score

quintile s of vegetable, fruit and soy rich dietary

Ever Smoke n=11 ,850

Never Smoke n=31,326

Characteristic Q1 Q3 Q5 Q1 Q3 Q5
Age 56.2 (7.8) 57.1 (7.6) 57.3(7.8) 54.3 (7.5) 54.6 (7.4) 54.6 (7.4)
BMI 22.6 (3.2) 22.8 (3.5) 22.7 (3.1) 23.1(3.2) 23.2 (3.1) 23.1 (3.3)
*Moderate Activity min/wk 36 (2.7) 53 (3.1) 63 (3.4) 38 (2.1) 52 (2.0) 64 (1.9)
Strenuous Activity (% ever) 6.8 7.4 9.5 7.7 7.3 9.3
Education (% secondary) 29.5 26.8 29.1 35.0 31.3 31.9
Female (%) 12.4 16.3 16.2 67.3 75.2 75.6
Hypertension (%) 15.6 18.7 17.3 20.4 20.3 20.9
Dietary Intakes

Total energy (kcal/day) 1530 (529) 1678 (513) 2084 (575) 1307 (460) 1456 (432) 1822 (503)
Carbohydrate (% energy) 61.2 (8.0) 59.5(6.9) 55.1(6.9) 61.8 (7.4) 59.7 (6.6) 55.6 (6.7)
Fat (% energy) 22.2 (5.9) 24.1 (5.1) 28.1 (5.1) 23.2 (5.7) 24.9 (5.0) 28.6 (4.8)
Saturated fat (% energy) 8.4 (2.7) 8.4 (2.7) 9.8 (2.6) 8.5 (2.6) 8.7 (2.4) 9.7 (2.5)
Monounsaturated fat (% energy) 7.6 (2.2) 8.2 (2.0) 9.5 (2.0) 7.9 (2.1) 8.4 (1.9) 9.5(1.9)
Polyunsaturated (% energy) 4.0 (1.4) 4.7 (1.5) 5.7 (2.0) 4.4 (1.5) 5.2 (1.7) 6.2 (2.2)
Omega-3 fatty acids (g/day) 0.7 (0.3) 0.9 (0.3) 1.3(0.5) 0.7 (0.3) 0.8 (0.3) 1.2 (0.5)
Omega-6 fatty acids (g/day) 6.0 (3.0) 7.7 (3.4) 11.8 (5.3) 5.7 (2.9) 7.4(3.2) 11.2(5.2)
Protein (% energy) 13.9 (2.5) 14.8 (2.2) 15.8 (2.4) 14.4 (2.4) 15.3(2.2) 16.1 (2.4)
Soy protein (% total protein) 6.8 (4.9) 9.1 (5.3) 12.6 (7.4) 7.6 (5.4) 9.6 (5.4) 13.2 (7.4)
Fiber (g/1000 kcal) 6.2 (2.1) 7.3(2.1) 8.5 (2.3) 7.4 (2.5) 8.5 (2.5) 9.8 (2.6)
Starch (g/1000 kcal) 112.9 (26.5) 108.4 (22.3) 94.1 (20.2) 112.1 (25.6) 105.3 (21.6) 91.2 (19.7)
Starch/Fiber ratio (g) 20.6 (9.7) 16.4 (6.8) 12.0 (4.8) 17.3(8.4) 13.6 (5.6) 10.0 (4.0)
Poly/Saturated fat ratio (g) 0.51 (0.22) 0.59 (0.28) 0.65 (0.35) 0.56 (0.24) 0.64 (0.32) 0.70 (0.39)
Mono/Saturated fat ratio (g) 0.94 (0.19) 0.98 (0.20) 1.00 (0.20) 0.95 (0.19) 0.99 (0.20) 1.01 (0.21)

'All values mean (standard deviation) exc@dbderate activity mean (standard error)
SCHS= The Singapore Chinese Health Study

Incidence rate (€ cases per 10,000 person years follow-up)
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Table 7.5: Participant ¢ haracteristics by smoking status across

quintile s of dim sum and meat rich dietary pattern

score

Ever Smoke n=11,850 Never Smoke n=31,326
Characteristic Q1 Q3 Q5 Q1 Q3 Q5
Age 60.6 (7.3) 57.5 (7.6) 54.6 (7.3) 56.6 (7.8) 54.2 (7.3) 52.5(6.7)
BMI 22.8 (3.2) 22.8 (3.1) 22.6 (3.1) 23.0 (3.2) 23.2(3.3) 23.2(3.3)
*Moderate Activity min/wk 68 (4.3) 47 (3.1) 47 (2.5) 62 (1.8) 50 (2.0) 45 (2.1)
Strenuous Activity (% ever) 6.9 6.4 8.8 6.7 7.2 11.1
Education (% secondary) 215 16.0 33.7 27.4 30.1 39.9
Female (%) 28.2 16.3 8.8 82.0 74.2 60.3
Hypertension (%) 21.4 17.6 14.3 22.4 19.5 18.2
Dietary Intakes
Total energy (kcal/day) 1371 (427) 1507 (421) 2148 (564) 1283 (385) 1455 (402) 2019 (522)
Carbohydrate (% energy) 64.3 (6.8) 60.8 (6.9) 54.9 (6.8) 62.7 (6.7) 58.9 (6.4) 54.2 (6.2)
Fat (% energy) 21.5(5.4) 23.0 (5.3) 27.4 (5.3) 23.1(5.2) 25.5 (4.9) 29.3 (4.8)
Saturated fat (% energy) 7.3 (2.4) 8.2 (2.3) 10.2 (2.4) 7.8 (2.4) 8.9 (2.2) 10.7 (2.2)
Monounsaturated fat (% energy) 7.1(2.0) 7.8 (1.9) 9.4 (1.9) 7.6 (2.1) 8.6 (1.9) 10.0 (1.8)
Polyunsaturated (% energy) 4.8 (2.0) 4.5 (1.7) 4.9 (1.5) 5.2 (2.1) 5.2 (1.8) 5.5 (1.6)
Omega-3 fatty acids (g/day) 0.8 (0.3) 0.8 (0.3) 1.1 (0.4) 0.8 (0.4) 0.9 (0.4) 1.2 (0.5)
Omega-6 fatty acids (g/day) 6.6 (4.0) 6.7 (3.5) 10.4 (4.5) 6.8 (2.9) 7.5(3.7) 11.1 (5.2)
Protein (% energy) 13.9 (2.5) 14.6 (2.5) 15.3(2.2) 14.6 (2.4) 15.4 (2.3) 16.1 (2.2)
Soy protein (% total protein) 10.1 (8.0) 8.9 (6.3) 8.8 (5.0) 10.4 (7.6) 9.9 (5.8) 10.0 (5.3)
Fiber (g/1000 kcal) 9.1(2.9) 7.2 (2.2) 6.6 (1.8) 10.0 (3.0) 8.3 (2.5) 7.7 (1.9)
Starch (g/1000 kcal) 117.9 (24.8) 112.5(23.1) 95.4 (20.5) 110.3 (24.7) 103.3 (21.5) 90.8 (18.6)
Starch/Fiber ratio (g) 15.1 (8.1) 17.9 (8.6) 15.8 (6.8) 12.6 (6.6) 14.0 (6.5) 12.9 (4.0)
Poly/Saturated fat ratio (g) 0.74 (0.43) 0.59 (0.27) 0.50 (0.19) 0.75 (0.42) 0.62 (0.29) 0.54 (0.21)
Mono/Saturated fat ratio (g) 1.01 (0.25) 0.97 (0.19) 0.94 (0.15) 1.02 (0.25) 0.99 (0.19) 0.95 (0.15)

'All values mean (standard deviation) exc@dbderate activity mean (standard error)
SCHS= The Singapore Chinese Health Study
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Table 7.6: Mean (SD) monthly frequency of dishes, f

oods and beverages by quintile of VFS dietary patte

rn stratified by smoking status

Ever Smok e n=11,850

Never Smoke n=31,326

Food/Dish Q1 Q3 Q5 Q1 Q3 Q5
Rice dishes 63.8 (18.7) 66.7 (16.9) 68.9 (18.1) 57.5 (17.9) 61.5 (16.6) 63.6 (17.1)
Noodle dishes 11.8 (9.5) 12.3 (9.5) 15.1 (11.8) 11.1 (9.4) 10.9 (8.8) 12.9 (10.3)
Pork 12.3 (10.0) 16.4 (11.8) 22.1 (17.6) 9.9 (8.4) 14.4 (10.8) 19.8 (16.7)
Other meats (1) 5.5 (5.6) 7.4 (6.3) 10.2 (8.5) 5.8 (5.3) 7.4 (5.8) 10.6 (8.8)
Fresh fish/shellfish 16.6 (10.3) 24.7 (11.8) 34.7(18.5) 16.1 (9.6) 24.1 (11.0) 34.0 (17.4)
Eggs 5.5 (6.6) 6.1 (6.5) 7.9 (7.8) 4.5 (5.4) 5.3 (5.4) 6.9 (6.5)
Tofu/tofu dishes 6.9 (5.5) 12.7 (7.5) 25.1 (16.0) 6.7 (5.1) 12.3 (7.1) 24.4 (14.9)
Fresh vegetables 39.3(17.4) 70.6 (18.4) 127.2 (41.6) 41.9 (16.0) 70.2 (17.2) 127.1 (40.1)
Preserved meats 1.6 (3.3) 1.7 (2.9) 2.9 (4.3) 1.6 (3.8) 1.6 (3.0) 2.5(3.9)
Preserved/canned fish or seafood 4.4 (3.9) 6.8 (5.6) 11.8 (10.2) 3.9(3.5) 6.0 (5.2) 10.6 (9.5)
Beans 0.3(0.8) 0.7 (1.4) 1.4 (2.4) 0.3 (0.8) 0.6 (1.1) 1.4 (2.4)
Other preserved foods € 4.8 (5.2) 8.3(7.0) 15.9 (12.1) 4.9 (5.3) 7.9 (6.3) 15.7 (11.3)
Condiments 43.0 (25.8) 58.6 (27.3) 71.6 (37.3) 40.1 (23.3) 54.4 (24.4) 66.5 (34.3)
Fresh fruits 27.1(23.3) 34.3 (26.3) 49.9 (33.2) 25.3 (22.0) 38.0 (25.8) 55.7 (32.8)
Whole grain based items 3.3(8.7) 3.8(8.4) 6.3 (11.7) 4.8 (10.3) 6.8 (11.9) 9.2 (13.8)
Processed grain based items 13.6 (13.7) 17.3 (14.3) 21.9 (16.4) 14.2 (13.4) 17.9 (14.2) 22.2 (15.5)
Dairy 10.8 (16.2) 13.4 (17.8) 15.4 (19.4) 13.5 (17.6) 16.3 (19.2) 20.5 (21.1)
Spreads 10.9 (16.8) 15.2 (19.2) 21.3 (24.1) 13.2 (17.5) 19.4 (21.2) 24.1 (23.9)
Snacks and Dim Sum 12.4 (14.0) 12.5(11.8) 18.0 (14.8) 12.2 (12.5) 12.0 (11.0) 16.9 (13.6)
Nuts 1.1 (3.1) 1.4 (3.6) 2.5 (5.5) 0.8 (2.5) 1.0 (2.9) 1.8 (4.0
Western fast foods 0.7 (2.9) 0.4 (1.7) 0.5(1.9) 1.0 (3.4) 0.5 (1.6) 0.5(1.8)
Juices 1.3 (4.4) 1.3 (3.8) 2.3(6.8) 1.5 (4.8) 1.3 (4.0) 2.2 (6.5)
Soft drinks 5.7 (15.6) 2.6 (8.8) 2.8(9.9) 3.9 (11.6) 2.0 (6.8) 1.8 (6.2)
Coffee 54.8 (42.8) 54.1 (41.2) 54.3 (42.0) 39.8 (35.3) 37.8(33.2) 37.8(33.7)
Black tea 9.7 (21.7) 7.8 (18.1) 9.6 (19.9) 7.2(17.1) 5.9 (14.2) 6.6 (15.3)
Green tea 8.3(23.8) 11.3 (27.5) 14.9 (31.4) 6.5 (19.8) 7.9 (21.6) 11.0 (25.2)
Alcohol 11.7 (25.6) 9.2 (22.9) 10.3 (24.5) 2.9 (12.5) 2.3 (10.7) 3.0 (12.5)
Hawker/restaurant breakfast 16.7 (12.8) 13.3 (12.6) 12.7 (12.8) 12.2 (12.4) 8.9 (11.1) 8.1(10.8)
Hawker/restaurant lunch 18.8 (11.2) 14.8 (11.9) 14.6 (12.5) 15.0 (11.7) 10.8 (11.5) 9.7 (11.5)
Hawker/restaurant dinner 7.7 (10.0) 3.4 (7.0) 2.9 (6.8) 6.2 (8.8) 2.6 (5.5) 2.3 (5.6)
Hawker/restaurant total 43.3 (24.9) 31.6 (22.8) 30.3 (23.6) 33.4 (24.3) 22.3 (20.5) 20.1 (20.1)

€ Preserved foods-eggs, fruit, vegetables, roots, fungus etc (IJ) Other meats (poultry, mutton, beef)
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Table 7.7: Mean (SD) monthly frequency of dishes, f oods and beverages by quintile of DSM dietary patte  rn stratified by smoking status

Ever Smoke n=11,850 Never Smoke n=31,326

Food/Dish Q1 Q3 Q5 Q1 Q3 Q5
Rice dishes 61.2 (14.3) 63.7 (16.3) 72.1 (19.7) 58.0 (15.1) 60.2 (16.7) 67.3 (19.0)
Noodle dishes 6.4 (6.6) 10.8 (8.5) 18.0 (10.9) 6.3 (6.3) 11.6 (8.2) 18.5 (11.2)
Pork 9.7 (9.7) 13.8 (10.5) 22.3 (14.9) 10.4 (10.2) 14.9 (11.1) 22.3 (16.1)
Other meats (1) 3.5(3.8) 5.6 (4.8) 11.2 (8.2) 4.6 (4.7) 7.5 (5.5) 13.3(8.8)
Fresh fish/shellfish 21.6 (12.9) 22.7 (13.0) 28.0 (16.0) 21.9 (12.9) 24.8 (13.2) 30.0 (16.6)
Eggs 3.8(4.9) 5.5 (6.1) 8.6 (8.2) 3.8 (4.4) 5.6 (5.4) 8.2(7.3)
Tofu/tofu dishes 13.1 (12.5) 12.1 (10.2) 15.5 (11.7) 13.3(12.2) 13.3(9.7) 17.0 (12.0)
Fresh vegetables 77.6 (44.5) 67.9 (36.7) 78.7 (39.3) 80.2 (41.8) 74.2 (33.9) 86.0 (40.0)
Preserved meats 0.4 (1.1) 1.2 (2.1) 3.6 (4.9) 0.5 (1.4) 1.5 (2.6) 4.3 (5.5)
Preserved/canned fish or seafood 4.4 (4.8) 6.2 (5.9) 9.5 (8.2) 4.7 (5.1) 6.6 (6.2) 9.9 (8.4)
Beans 0.4 (1.3) 0.6 (1.3) 1.0 (1.8) 0.5 (1.3) 0.7 (1.4) 1.1 (1.9)
Other preserved foods € 7.3(9.4) 7.3 (6.9) 11.6 (9.9) 7.8 (8.3) 8.5(7.1) 13.3 (10.9)
Condiments 47.2 (26.0) 52.8 (27.1) 65.9 (35.4) 48.1 (25.2) 54.4 (27.2) 65.2 (33.3)
Fresh fruits 40.0 (31.9) 30.3 (25.6) 36.9 (28.5) 43.6 (31.6) 37.5(27.1) 44.4 (29.6)
Whole grain based items 9.8 (15.2) 3.9(9.0) 3.2(7.8) 11.4 (16.0) 5.5(10.2) 4.8 (9.3)
Processed grain based items 19.5 (16.3) 15.8 (14.3) 17.6 (14.9) 18.9 (15.2) 17.7 (14.5) 18.9 (14.7)
Dairy 16.8 (20.5) 11.1 (16.9) 12.5 (17.2) 19.9 (21.4) 15.2 (18.9) 17.3 (18.9)
Spreads 22.6 (25.3) 14.2 (19.4) 13.9 (18.7) 23.6 (23.5) 17.8 (20.5) 17.3 (20.4)
Snacks and Dim Sum 5.2 (6.0) 9.3(8.0) 22.8 (16.5) 5.9 (6.0) 12.2 (8.5) 27.2 (16.1)
Nuts 0.8 (2.8) 1.0 (2.8) 2.4 (5.0) 0.7 (2.5) 1.1 (3.0) 2.1 (4.3)
Western fast foods 0.1 (0.5) 0.2(1.2) 1.0(3.2) 0.2 (1.0) 0.5(1.6) 1.6 (3.9)
Juices 1.3 (4.8) 1.3 (4.4) 2.1(5.8) 1.1(4.7) 1.5 (5.1) 2.7 (6.1)
Soft drinks 0.4 (2.3) 1.8 (6.4) 7.5(17.2) 0.4 (2.1) 1.8 (6.0) 6.6 (14.3)
Coffee 33.6 (31.4) 52.2 (38.1) 65.4 (44.7) 26.0 (26.1) 40.6 (33.4) 48.9 (39.1)
Black tea 5.8 (15.1) 7.5 (18.6) 12.2 (23.5) 3.9 (11.6) 6.1 (14.4) 9.8 (19.1)
Green tea 10.3 (25.8) 11.4 (26.8) 11.6 (27.6) 7.4 (21.0) 8.5 (22.4) 9.7 (23.3)
Alcohol 2.8 (11.8) 7.4 (18.6) 15.9 (29.9) 0.9 (6.0) 2.5(11.0) 5.4 (16.5)
Hawker/restaurant breakfast 7.4 (11.3) 13.3 (12.7) 18.1 (12.3) 5.1(9.2) 10.0 (11.4) 14.2 (12.2)
Hawker/restaurant lunch 10.1 (11.8) 15.3 (12.1) 19.7 (10.7) 7.0 (10.3) 11.8 (11.6) 16.2 (11.5)
Hawker/restaurant dinner 1.8 (5.4) 4.0 (7.7) 6.3 (9.3) 1.8 (5.0) 3.2(6.3) 5.4 (8.2)
Hawker/restaurant total 19.4 (20.9) 32.7 (23.6) 44.1 (22.8) 14.0 (17.8) 25.1 (20.9) 35.7 (22.6)

€ Preserved foods-eggs, fruit, vegetables, roots, fungus etc (1) Other meats (poultry, mutton, beef)
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Table 7.8: Relative risks of type 2 diabetes accord ing to quintile of dietary

pattern score by smoking status: Singapore Chinese Health Study

Vegetable, fruit and soy rich pattern: Ever smoke

Q1 Q2 Q3 Q4 Q5
Incident cases/PY  169/17,918  151/14,578 134/13,104 109/11,917 119/11,474
Incidence rate € 94 104 102 92 104
(lowest) RR RR RR RR
(95% CI) (95% CI) (95% CI) (95% CI)
Model I* 1.0 1.10 1.09 0.98 1.13
) (0.89, 1.37) (0.87,1.37) (0.77, 1.26) (0.88, 1.45)
Model II* 1.0 1.11 1.08 0.97 1.15
(0.89, 1.39) (0.86, 1.35) (0.76, 1.25) (0.89, 1.48)
Model I11° 1.0 1.08 1.05 0.95 1.14

(0.87,1.36)  (0.84,1.33)  (0.74,1.22)  (0.89, 1.47)

Vegetable, fruit and soy rich pattern: Never smoke

Q1 Q2 Q3 Q4 Q5
Incident cases/PY ~ 321/31,177  301/35,847 321/36,510 299/37,244 328/37,129
Incidence rate € 102 84 88 80 88
(lowest) RR RR RR RR
(95% CI) (95% CI) (95% CI) (95% CI)
Model I* 1.0 0.80 0.83 0.75 0.81
(0.68, 0.94) (0.71, 0.97) (0.64, 0.89) (0.69, 0.96)
Model II? 1.0 0.80 0.83 0.75 0.81
(0.69, 0.94) (0.71, 0.98) (0.64, 0.88) (0.68, 0.95)
Model 111 1.0 0.79 0.83 0.75 0.80

(0.68,0.93)  (0.71,0.97)  (0.63,0.88)  (0.68, 0.95)

Dim sum and meat rich pattern: Ever smoke

Q1 Q2 Q3 Q4 Q5
Incident cases/PY 72/7,230 110/10,759 154/13,846 162/16,581 184/20,575
Incidence rate € 100 102 111 98 89
(lowest) RR RR RR RR
(95% CI) (95% CI) (95% CI) (95% CI)
Model I* 1.0 1.02 1.09 0.94 0.83
(0.76, 1.37) (0.82, 1.45) (0.71, 1.25) (0.61, 1.12)
Model II? 1.0 1.02 1.10 0.96 0.87
(0.76, 1.38) (0.83, 1.46) (0.72, 1.28) (0.64, 1.18)
Model 111 1.0 1.06 1.12 0.99 0.95

(0.79,1.42)  (0.84,1.48)  (0.74,1.32)  (0.70, 1.29)

Dim sum and meat rich pattern: Never smoke

Q1 Q2 Q3 Q4 Q5
Incident cases/PY 331/42,313 362/39,074 304/35,555 285/32,520 288/28,445
Incidence rate € 78 93 86 88 101
(lowest) RR RR RR RR
(95% CI) (95% CI) (95% CI) (95% CI)
Model I* 1.0 1.23 1.17 1.26 1.55
(1.06, 1.42) (.00, 1.37) (1.06, 1.48) (1.29, 1.86)
Model 112 1.0 1.21 1.17 1.27 1.55
) (1.04, 1.40) (1.00, 1.38) (1.07, 1.49) (1.29, 1.86)
Model 1113 1.0 1.18 1.14 1.21 1.46

(1.02,1.37)  (0.97,1.33)  (1.02,1.43)  (1.21,1.75)

P for
trend

0.56

0.51

0.55

P for
trend

0.03

0.02

0.02

P for
trend

0.12

0.22

0.50

P for
trend

<0.0001

<0.0001

0.0002

Incidence rate € = Incident cases per 10,000 person years follow-up
All data presented as RR (95% CI) unless otherwise noted

Adjusted for age, sex, dialect, year of interview, energy intake
adjusted further for hypertension, education, and physical activity
®Adjusted for aforementioned variables and BMI (continuous quadratic)
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VFS pattern score by DSM pattern score in non-smoke  rs

O VFS quintile 2-5 vs. quintile 1

RR of T2DM

1 2-4 5

Quintile of DSM dietary pattern score

Figure 7.1: Relative risk (adjusted for age, sex, dialect, year of baseline interview,
energy intake, hypertension, education, physical activity and body mass index) of type 2
diabetes in quintiles 2-5 of vegetable, fruit and soy rich dietary pattern score compared
to the first quintile in non-smokers according to quintiles 1 (n=7,388), 2-4 (n=18,852) and
5 (n=5,086) of Dim Sum and meat rich pattern in the Singapore Chinese Health Study.
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Figure 7.2: Relative risks (adjusted for age, sex, dialect, year of baseline interview,
energy intake, hypertension, education, and physical activity) of type 2 diabetes
according to quintile of Dim Sum and meat rich dietary pattern score stratified by the
median BMI (=23.1kg/m?) in never-smokers in the Singapore Chinese Health Study. P
value for interaction between dietary pattern score and BMI=0.12.
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@ Age < 60 p trend 0.05 m Age > 60 p trend=0.003
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Figure 7.3: Relative risks (adjusted for sex, dialect, year of baseline interview, energy
intake, hypertension, education, physical activity and body mass index) of type 2
diabetes in non-smokers according to quintile of Dim Sum and meat rich dietary pattern
score stratified by baseline age (<60 n=23,334; 260 n=7,992) in the Singapore Chinese
Health Study. P value for interaction between DSM dietary pattern score and age=0.76.
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Figure 7.4: Relative risks (adjusted for age, sex, dialect, year of baseline interview,
energy intake, hypertension, education, and body mass index) of type 2 diabetes in non-
smokers according to quintile of Dim Sum and meat rich dietary pattern score stratified
by physical activity (Any n= 8,888 and None n=22,418) in the Singapore Chinese Health
Study. P value for interaction between DSM dietary pattern score and any physical
activity=0.12.
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Figure 7.5: Relative risks (adjusted for age, sex, dialect, year of baseline interview,

energy intake, hypertension, education, physical activity and body mass index) of type 2
diabetes in quintiles 1 (n=7,388), 2-4 (n=18,852), and 5 (n=5,086) of the Dim Sum and
meat rich dietary pattern score in non-smokers stratified by quintile 1 (n=5,561) and 2-5

(n=25,765) of Vegetable, fruit and soy rich dietary pattern score in the Singapore

Chinese Health Study.
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Chapter 8: BMI and all-cause mortality: The Singapore
Chinese Health Study

I ntroduction

The prevalence of obesity continues to increase in developed and developing
Asian nations and the levels of chronic disease have mirrored thigtr&@wahcomitant
with the global obesity trends is the heightened attention paid to the relationrbetwee
body weight and mortality. Many studies on this topic, mostly on western populations
have produced somewhat divergent results. Some studies suggest that BMI aetin a
dose-response fashion with mortality, some indicate a U-shaped or J-shaped curve, and
finally some suggest BMI may have little or no impact on longé¥itplthough, a
recent collaborative analysis of over 900,000 adults in prospective cohorts, most from
western Europe and North America, found the optimum BMI range to be approyimatel
22.5-25.0 kg/rh, with progressive excess all-cause mortality in BMI ranges above and
below the optimum rang&®Similar associations have been observed in the few
prospective Asian studies on the toffit>°

Indeed, there are multiple methodological issues and considerations in the study
of body weight and mortality. The great majority of studies have used bodyndass i
(BMI, kg/m?), which is a reasonable and easily applicable surrogate measure of gdiposit
in a large populatio>’ ***However, use of BMI as a marker of adiposity still receives
criticism ' The main methodological issues focus on accounting for cigarette
smoking®** *%reverse causation due to prevalent and antecedent dide&Ee!

control of intermediate variables in the causal pathway in statistical imgdef*?and

how age may modify the association in addition to the use of elderly participamés whe
134



BMI is a less reliable marker of adiposity due to differential loss of rawsull lean body
mass.>?

The investigation of BMI and mortality in Asians presents an intriguing study as
they have a larger proportion of the population with low BMI's, and research on Asian
populations is comparatively sparse. Furthermore, most Asians appear to be
anthropometrically different than other ethnic groups. Asians have gerlevalBMI's,
but high body fat percentages comparable to World Health Organization (WHO) BMI
strata for overweight or obesity in Europid based populaffons Certainly, the
discussion of an optimal weight range in Asian populations is separate from tteideba
Western populations.

The Singapore Chinese Health Study (SCHS) is a population-based prospective
cohort investigation of over 63,000 Chinese men and women in Singapore. The SCHS
provides a unigue Asian population relative to other studies on this specific topic.
Participants are all afforded a high level of health care, live in alggrmaulated,
affluent country with western influences, have very low levels of phyaatality and
many have adapted a diet with western influences. Therefore, the ais péper was
to examine the association between BMI and all-cause mortality ineagergpective

cohort study of Chinese men and women living in Singapore.

Subjects and M ethods

Study Population
The design of the Singapore Chinese Health Study has been previously

described>* Briefly, the cohort was drawn from men and women, aged 45 to 74, who

belonged to one of the major dialect groups (Hokkien or Cantonese) of Chinese in
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Singapore. Between April 1993 and December 1998, 63,257 individuals completed an in-
person interview that included questionsdemographics, educational attainment,
height, weight, use of tobacco and alcohol, usual physical activity, mdrestdia
reproductive history (women only), medical history, family history of caandra 165-
item food frequency section assessing usual dietary intake of the prevaauslye
institutional review boards at the National University of Singapore and the Uty\ars
Minnesota approved this study.
Exposur e Assessment

Self reported height and weight were collected at the baseline eweBody
mass index (BMI) was calculated as weight (kg) divided by height squared\@e)was
defined as age in years at the time of the baseline examination. Education was
categorized into no formal education, primary school, and secondary school or above.
Cigarette smoking was classified into never smoker, former smoker, and cumneker
based on the participant’s choice of 3 possible responses to the question, “Have you ever
smoked at least 1 cigarette a day for 1 year or longer?” Subjects who ansveeregre
classified as nonsmokers; those who answered “yes, but | quit smoking weréeedassif
ex-smokers; and those who answered “yes, and | currently smoke” werBedassi
current smokers. Current and former smokers were grouped together for thissanalysi
Participants reporting a history of physician diagnosed cardiovascsdasai, diabetes,
or respiratory disease before the baseline interview were considered & nat@y of
prevalent disease. Physical activity was assessed by the averagead week using
eight continuous categories ranging from never to 31 hours or more they spent doing
strenuous sports (e.g. jogging, bicycling on hills, tennis, squash, swimming laps or
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aerobics); vigorous work (e.g. moving heavy furniture, loading or unloading trucks,
shoveling or equivalent manual labor); and moderate activities (e.g. bilidkgya
bowling, bicycling on level ground, tai chi and chi kung). The physical activity
guestionnaire was modeled after and had similar questions as the questionnaire used i
the EPIC Study of lifestyle and cancer, which has been shown to have good aalitlit
high repeatability, with a weighted kappa statistic of p.6 0.0001) and r = 0.73% 6

A semi-gquantitative food frequency questionnaire specifically developehi$o
population assessing 165 commonly consumed food items was administered during the
baseline interview. During the interview the respondent referred to accomganyi
photographs to select from eight food frequency categories (ranging frorer‘oe
hardly ever” to “two or more times a day”) and three portion sizes. The fooudmcy
guestionnaire has subsequently been validated against a series of 24-houratialiary
interviews in a random sample of 1000+ participants that occurred on one weekday and
one weekend day approximately two months apags well as selected biomarker
studies™> **° A range of 0.24 to 0.79 in correlation coefficients of energy/nutrients was
obtained using two methods, and the majority of macro-nutrients and food groupg displa
correlation coefficients in the high end of this reported rant®ietary patterns were
derived for this study population including consumption of alcoholic beverages using
principal component analysis, (PCA) SAS version 9.1 (SAS Institute Inc, C@jyamd
methods were reported in detail in the prior chapters. Frequency of alcohol mtake a
summation of beer, rice wine, other wine and hard liquor was considered as an individual
variable and grouped as nondrinker/monthly drinker, weekly drinker, daily drinker.

Assessment of Mortality
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Information on date and cause of death is obtained through linkage with the
Singapore government’s Vital Statistics Office. This is done through slharing
participants NRIC number (national registration identity card number) witbt tioky.

The exact date of death as well as primary cause, secondary cause and gncharsgs
are noted for each death. ICD-9 codes specifying cause(s) are decttieccbgler at the
Ministry of Home Affairs and come from the person’s death certificate. Up tasises
may be given. For the current analysis mortality has been updated thrazeghtiee 31,
2007. Only 17 (0.03%) subjects from the initial cohort had migrated out of Singapore
suggesting that emigration among the study participants is negligibleanaltah

statistics follow up was virtually complete.

Statistical Analysis

Of the original 63,257 participants we excluded 1,936 subjects with a history of
invasive cancer (except non-melanoma skin cancer) or superficial, papididder
cancer at baseline, and 10,070 participants missing either or both height and weight
measures. The present analyses included 51,251 participants.

Study participants were grouped according to 8 categories of BMI, asecpor
the baseline interview (< 18.5, 18.5-19.9, 20.0-21.4, 21.5-22.9, 23.0-24.4, 24.5-25.9,
26.0-27.4> 27.5). These categories were created to allow a detailed examination of the
association between BMI and all-cause mortality across the spectrum pa8Mell as
accounting for WHO cut point criteria for under, normal, over and obese weigls#estat
using BMI in this population without assumptions of the nature of the association.

Additionally, the low end of BMI (< 18.5) was further divided in sensitivity anal{ses
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17.0, 17.0-18.4). Alternatively, deciles of BMI were used in an attempt to perform a
data-driven analysis relying on the distribution of BMI in the cohort. For eadk st
subject, person-years were counted from the date of baseline interview ttetbé da
death, date of last contact (for the few subjects who migrated out of Singap®te) or
December 2007, whichever occurred first. Baseline characterigrescalculated for
participants across each category of BMI. Tests for trend across tedgaegere
performed by assigning the median value of BMI to the respective caegod
entering this as a continuous variable into the models. Age-standardizedtynates
were calculated using the age distribution of the cohort and the specific mostsg of
the following age categories (<50, 50-54, 55-59, 60-64, 65+) of the cohort.
Proportional hazards (Cox) regression methods were used to examine the
associations between BMI and death. All regression analyses were cdnaiinteSAS
statistical software version 9.1 (SAS institute, Cary, NC). We estihtla¢chazard ratio
(HR) for levels of the BMI and the corresponding 95% confidence interval [@lere
was no evidence that proportional hazards assumptions were violated as indi¢hged by
lack of significant interaction between BMI and a function of survival time in theers.
The referent BMI category was 18.5-19.9 because this group had the lowest age
standardized mortality rate. Our primary Cox regression model included theifgjlow
covariates: Age and its quadratic term @gsex, year of interview (1993-95 and 1996-
98), dialect (Hokkien vs. Cantonese), education (none, primary, secondary+), moderate
activity (none, %2 hr-3 hrs/wk, 4+ hrs/wk) and strenuous activity (yes vs. no), and quintile
of vegetable, fruit and soy rich dietary pattern score. The presenceeddr
guadratic (U-shaped) association was tested using the median BMI in eagiryals a
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continuous variable in the regression models. Analyses testing for muliygica
interactions of smoking, prevalent disease, age and sex with BMI were ocexnpléhin
and stratified models that excluded deaths occurring within 5 years of the&asel
interview date were created as an attempt to account for reverse causatlmm and t
potential bias that may occur due to preexisting disease or illnessnektht loss.
Including alcohol intake as a covariate was a non-significant contributor nocithel and
this did not change when including it with and without the dietary pattern score, so only
the dietary pattern score was included since this encompassed usual alckbol inta

We further examined the relationship between BMI and all-cause mpoltglit
looking at the shape of the association with a non-parametric (local polynomial)
regression analysis using the statistical package ‘R’ version 2.4.1. The purpash of
analysis is to produce a trend graph taking advantage of the large sample sizarand as
exploratory procedure to confirm the initial analysis using Cox regressithhodse The
log odds of mortality are modeled with a generalized additive model (GAM )apeci
BMI as a loess fit and adjusting for the same possible confounders as in the above Cox
regression model including adjustment for person-years time. In contrast@ox
models, there is no reference group, as the parameters are estimateocasifitgjrg
while controlling for the degree of smoothing and polynomial fit. The degree of
smoothing was set at a modest parameter (0.5 of 1.0, where 1.0 is the highest level of

smoothing) and the polynomial degree was set to a curvilinear fit for each model.
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Results

Baseline characteristics of the study participants accordinghoategories of
BMI by smoking status are presentediable 8.1. There was evidence (P interaction
between ever smoking and BMI=0.0012) that the relation between BMI and tyortali
smokers and non-smokers differed so results are presented according halitgs fi
Males smoked at significantly higher levels than females in the study populdti non-
smokers the level of education decreased with increasing BMI's greate?3.0. Self-
reported physician diagnosed hypertension and prevalent disease statsedaceass
the spectrum of BMI. Mean physical activity levels displayed an inveriskdge across
increasing BMI with lower levels on the ends of the spectrum and higher levbés i
middle. Age displayed a U-shaped association with BMI and was lowest in the BM
range of 18.5-23 and was greatest in BMI's greater than 23 and at BMI < 18.5.

Conversely, ever-smokers displayed a strong inverse relationship betweerdage
BMI as baseline age declined with increasing BMI. Education and physicatyagsoth
displayed inverted U or J-shaped trends across the spectrum of BMI. Higher alcohol
consumption was more prevalent in ever-smokers with low BMI as well, and
hypertension and prevalent disease displayed a similar association to non-smitbkers
step wise increases across increasing BMI. Participants excluded dissitgrBMI
(N=10,070) were not materially different across the noted demographic angdifest
characteristics according to smoking status compared to participantsilvithth and
included in the analysis (51,251).

In 35,766 non-smokers (4,590 with prevalent disease), during a mean follow up of

11.8 years there were 3,740 deaths. Upon exclusion of the 4,590 participants with a
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history of disease the average follow up time slightly increased to 11.9 yedrs,485

ever-smokers, during a mean follow up of 11.0 years there were 3,839 deaths. There was

a statistically significant “backwards” J-shape between BMI anckalse mortality in

ever smokers with the lowest age standardized mortality among those withZ2M

24.4 as presented iable 8.2. Compared to this referent group, ever-smokers with a

BMI > 27.5 had an increased hazard ratio (HR) for death (HR=1.19; 95% CI=1.03-1.36).

On the other end of the BMI spectrum patrticipants with a BMI < 20 had an increasing

hazard ratio for death with each lower BMI group and participants with a BR.0-

21.4 had a suggestive increased hazard ratio for death (HR=1.11; 95% CI 0.99-1.25).
In non-smokers there was a significant U-shaped quadratic associati@etetw

BMI and all-cause mortality with inclusion and exclusion of prevalent diseaseith

exclusion of deaths occurring within 5 years of the baseline interview (P<0.G(i¢ (T

2). In addition to the physiological rationale for the exclusion of persons with prevale

disease there was suggestive statistical evidence that the associateentd@MI| and

mortality differs in those with a history of disease (P interaction betB&d and

prevalent disease =0.09). Compared to the referent BMI group (18.5-19.9), disease fre

non-smokers with a BMI < 18.5 had an increased hazard ratio for death (HR=1.32; 95%

CI=1.09-1.59). Risk also began to increase in the BMI group 26.0-27.4 (HR=1.21; 95%

CI=1.01-1.46) and further increased at BMt'27.5. After excluding deaths that

occurred within 5 years of the baseline interview risk increased in both the low &ed of

BMI spectrum (BMI < 18.5, HR=1.41; 95% CI=1.12-1.76) and the high end (BMI

27.5, HR=1.49; 95% CI=1.22-1.83). Excluding extreme BMI's (< 15.5 and > 35.0) did

not alter the results.
142



In an alternative analysis of the non-smoking disease free particiBafitsvas
grouped as deciles and a similar trend of association was observed betweerdBilH a
cause mortalityKigure 8.1) and upon exclusion of deaths occurring within 5 years of
baselingFigure 8.2). However, the hazard ratio of death in the lowest decile of BMI (<
19.1) was a suggestive but non-significant association. In a sensitivityisanelyg the
BMI groups from the main analysis and creating lower BMI groups (BMI < 17 and 17
18.4) there was evidence that a BMI < 17.0 was strongly associated with asedcrea
hazard ratio for death compared to the referent group (18.5-20) as preséiten én
8.3. The association for participants in the BMI range of 17.0-18.4 displayed a
suggestive increased hazard ratio for death (HR=1.19; 95% CI1=0.96-1.48). Upon
exclusion of deaths occurring within 5 years of the baseline interview both point
estimates were strengthené&dgure 8.4). In a further sensitivity analysis that divided
the upper BMI group into 27.5-28.9 and 29+ we observed no material difference between
the groups with hazard ratios comparative to the initial HR estimate (HR=1.30; 95%
CI=1.10-1.54) in the main model. In an analysis testing for an interaction betiden B
and sex in non-smokers there was no evidence of any difference (P interaction = 0.39).
The association was similar upon stratification as well (Data not prd¥ente

Figure 8.5 presents age stratified mortality rates by BMI category. The lbvera
mortality rate increased with each increasing age group while nmangta similar shape
across age groups. A test for interaction between age and BMI providedcsiatisti
evidence (P=0.006) that the association between BMI and all-cause mongityiffer
by age at which BMI was reporte@igure 8.6 presents hazard ratios stratified by age
65. Although there was a significant age-BMI interaction the shape of thaasm
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held across the age stratified groups. However, the HR in the BMI groups < $8.5 wa
more pronounced in those aged 65 and above. Upon exclusion of deaths occurring within
5 years the HR for those < 65 years at baseline was attenuated in the lgtoBps

(BMI < 17.0, HR=1.34; 95% CI=0.90-1.99, BMI=17.0-18.4 HR= 1.05; 95% CI=0.78-

1.40), whereas the HR for these low BMI groups in those 65+ maintained the magnitude
and statistical significance of associatiéingre 8.7).

A further examination of the shape of the association between BMI andisdi-ca
mortality is shown in the non-parametric grapfig(res 8.8-11). These results provide
visual evidence for the nature and shape of the association using differentugnodeli
assumptions. In smokers (Figure 8.8) the graph suggests that the nadir of the BMI
mortality curve is shifted to the right in the BMI spectrum and the associtattens out
as BMI increases; and the association between BMI and mortality iasrémeughout
the lower end of the spectrum of BMI. Figures 8.9-11 are of the same stepaliggsa
of non-smoking participants found in Table 8.2. These figures all suggest a simiftar nadi
of the BMI-mortality curve occurring around 18.5-20 with the association beingaijgner
flat through the middle ranges of BMI and the curve starting to climb slasvBM
approaches the higher end of overweight status, BMI ~ 26.0 and also climbind'stBM
< 18.5.

Discussion

In this large study of relative weight and all-cause mortality in Chines
Singaporeans we observed a backwards J-shape association between BMI artg mortali
in participants with a history of smoking. In never-smokers we observed a U shaped

association between BMI and mortality with inclusion and exclusion of prevaleasdise
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and further exclusion of deaths earlier in follow up. The strength of the asmowias
strengthened in those who were underweight as well as overweight and obese when
excluding the early deaths. Evidence from sensitivity analyses invesjitfae extreme

low end of BMI suggests that participants with BMI < 17.0 drive the increased risk in
participants with a BMI in the WHO underweight category (< 18.5). Stratifiatysis

by age 65 found a similar U-shaped association in the older age group, but with a
stronger association in those considered underweight compared to younger ages, even
with significantly higher overall mortality rates. Furthermore l@ding early deaths in

the age stratified analysis suggested that the increased risk observeé icotiedered
underweight is largely driven by participants who were aged 65 and abosekdan

the study. Our results showing an increased HR at BMI > 26 in ages 65+ suggests that
being considerably overweight in this age range is still detrimentalygesautilizing
non-parametric trend graphs and approaching the question with differentcstiatisti
assumptions were confirmatory of the shape of the association in smokers and non-
smokers. There was only a small degree of variation in the graphs of non-smokers when
different exclusions were applied.

Overall, when considering healthy, non-smoking Chinese Singaporean men and
women, and excluding early deaths to account for possible reverse causation,r&mll’s f
the normal range through the middle range of overweight status are nottassodia
risk of premature all-cause mortality.

The question of BMI and mortality has received significant attention in Weste
and European populatiofi§ but comparatively less research has addressed the topic in
Asian populations. Recently the Shanghai Women Health study evaluated the
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relationship between BMI and mortality and potential methodological bikdshis

study began with 74,896 women with BMI, waist and hips measured at baseline (1996-
2000) from age 40-70 and followed up through April 2007. Participants were also asked
to recall weights from age 20 and age 50 if over age 50 at baseline. From the origina
study population, 62,779 participants were never smokers without a history of previous
disease, did not die during the first 3 years of follow up, and reported not having lost 10%
of their body weight since age 50, thus making this the relevant population for study. The
mean age of the cohort was 52 years and mean baseline BMI was 24.0 with toaan fol

up of 7.4 years. In an age adjusted cubic spline Cox regression analysis of the 62,779
participants using the median BMI as a referent point, a dose-response typecaitms

of increased risk above BMI of ~ 25.0 was observed. Fully adjusted models were not
presented. The rest of the presented analysis focused on small sub-groups e$ gqfiartil
BMI using the lowest quartile as the referent group and showing incraesised each
increasing quartile beginning at a BMI > 24.4. Appropriate adjustments veele im

these models but the overall interpretation of this study and its role in thaitgeisahot

clear because of decisions to not present the full set of data, as well as et gngs

data on waist circumference which may add to understanding the data. Furthermore
results from the SCHS are not directly comparable due to participants fromathgh@i

study being grouped into fewer but wider BMI groups.

Gu et al}*®

examined the question of body mass index and all cause mortality in

a nationally representative sample of 154,736 Chinese men and women aged 40 years or
older in 1991. At a single baseline visit, height and weight were measured using a
standardized protocol. Other demographic and lifestyle variables were sdseexhs
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Work-related physical activity was assessed because leisure tysiegblactivity was
rare. Follow up was conducted in 1999-2000. BMI was divided into the following
categories (<18.5, 18.5-19.9, 20-20.9, 21-21.9, 22-22.9, 23-23.9, 24-24.9, 25-26.9, 27-
29.9,> 30). Cox proportional hazards regression models were used for analysis.
Adjustments for baseline age, sex, cigarette smoking, alcohol, work relatedaphysic
activity, education, geography, urbanization were done. The referent greup wa
BMI=24.0-24.9 because this group had the lowest mortality. In mean 8.3 years of follow
up 17,687 deaths were documented. A statistically significant U-shaped agsocas
observed in all analyses and sub-group and sensitivity analyses between BM and alll
cause mortality. This included checks by age, sex and disease status. iAtgensit
analysis that excluded deaths within the first 3 years of follow up observexdar si
pattern of relative risks. A similar pattern was observed in a causeicp@ecilysis in
both cardiovascular disease and cancer and was also consistent among men and women.
The data show the range of BMI where it is not associated with incresked ri
mortality was 24-26.9 overall. Essentially, being underweight, normal weight, arel obes
by BMI measures is associated with an increased risk of death in thisstadyhe only
non-increased risk is in the overweight range in the study. The authors concluded tha
their data do not support different or lower BMI cut points for obesity in this population.
They note the increased risk of BMI's > 27 and BMI's < 18.5 but do not address the
significant increase in risk of early all cause mortality in the Bige of 18.5-24 in the
overall cohort as well as “healthy” participants, which are not cleafigate The results
between the SCHS and this study are similar in findings of overall gehaysd;s

however our data suggest a wider BMI range of non-increased risk that inchetes w
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considered a healthy or normal BMI. A question remains whether the asstiati
observed in the low end and in normal weight individuals are an artifact of the hagh lev
of smoking in the leaner individuals of this population, or likewise, residual confounding
by not stratifying or excluding these participants.

Jee et al**® examined the question of body mass index and mortality in 1,213,829
Korean men and women between 30 and 95 years of age who had undergone a biennial
medical exam between 1992 and 1995 for the national health insurance corporation. All
persons were free of atherosclerotic disease, cancer, liver diseasesdmlyespiratory
illness before the initial study visit, and participants missing any nrel@virmation or a
BMI < 16.0 kg/nfwere also excluded. An attempt to minimize the effect of underlying
conditions was also done by excluding those with an event within the first two years o
follow up. Height and weight were directly measured and data was collected on other
lifestyle and demographic factors. Participants were followed up foh de@ugh
December 31, 2004. BMI was categorized as < 18.5, 18.5-19.9, 20.0-21.4, 21.5-22.9,
23.0-24.9, 25.0-26.4, 26.5-27.9, 28.0-29.9, 30.0-31.9 and >32.0. Model covariates
included age at enroliment (continuous), alcohol intake (g/day), participation iaregul
physical activity (y/n), and smoking status. The mean BMI of the study paypuleas
23.2 for both sexes and mean age was 45 for men and 49 for women. A total of 82,372
deaths were recorded. The referent category was 23.0-24.9 as this had thedkwés
death from any cause. A J-shaped association was observed for all caub morta
regardless of smoking status. Specifically, men with a BMI <18.5 who did not smoke
had an elevated risk of death (HR=1.29, 95% CI 1.15-1.44) and those with a BMI >30

had an elevated risk of death also (HR=1.71, 95% CI 1.44-2.03). Similar, but not as
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strong associations were observed in smokers and in women. No association was found
in BMI levels between 18.5 and 30 for all cause mortality. For participanteigtiean

64 years of age at baseline there was no association between BMI addyndétedated

to this, it is important to keep in mind when interpreting the data that this sitldged
persons aged 30-95, a wider age range than any other study with BMI having divergent
meanings and reflecting different aspects throughout this age raingew3e, this study

was executed with appropriate methods and the cause-specific resultsdddhe the
literature, but are beyond the scope of this discussion and study.

Song et al**’ also investigated the relationship between BMI and all cause
mortality in women in the same Korean cohort utilizing a national insurance caoporat
similar to Jee et &f° The study comprised 338,320 women aged 40-64 who had all
relevant measures and were free of cancer at baseline and did not die duringlihe bas
examination period (1993-94). In the appropriate adjustment model for all-cause
mortality that also excluded early deaths, a U-shaped association was olgénrve
increased risk of mortality in BMI < 21 and BMI27.0 compared to the referent group
of BMI=21-22. They also stated the association did not differ when excluding smokers
We observed similar results in the non-smoking, disease free participdnts slight
shift downward in the nadir of the curve and points of increased risk.

Tsugane et af*®

examined the association of relative body weight and mortality

in a Japanese population of 40,815 men and women aged 40-59 years who self reported
height and weight and were free of cancer, cerebrovascular disease, histgncafdial
infarction, or chronic liver disease at baseline as well as having a Bivédet14.0 and

40.0. Cox proportional hazards was used to analyze the data and sex stratified models
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adjusting for age (continuous), smoking status, alcohol consumption, education, sports
and physical exercise, geographic area of Japan and weight change sieaes2fld.
BMI was divided into the following categories: 14.0-18.9, 19.0-20.9, 21.0-22.9, 23.0-
24.9, 25.0-26.9, 27.0-29.9,30.0. The BMI range of 23.0-24.9 (middle BMI category)
was chosen as the referent category; however the rationale for therdeas not
reported. A U-shaped association was observed for all-cause mortality iwithe
increased risk in BMI's < 23 and > 27. Estimates excluding early deaths showed an
increased risk only in BMI < 23 and of never-smokers in BMI < 19. However,
interpretation of these findings should be cautious because of the potential tgstébili
the estimates due to small numbers. Women with a BMI < 19.0 and >30.0 also were at
increased risk of all cause mortality and the association was maintaimedein
smokers. Similar to the SCHS, a disproportionate amount of men smoked vs. women.
This study may have increased their power of examining the never-smokenswaduld
have stratified on smoking status, rather than sex, and then looked at sex differences.
Yuan et al’*° analyzed the association in the Shanghai cohort study of 18,244
Chinese men aged 45-64 years in Shanghai, China. BMI was determined by stdfirepo
height and weight and numerous other lifestyle and demographic factors Wenedaat
baseline. Cox proportional hazards regression methods were used to analyze the data
with adjustments for age (< 54, 55-59, 60-64, 65+), education level, alcohol
consumption, smoking status and specific number of cigarettes a day if a conokat s
as well as age started. The referent BMI category chosen was 21-23.5 asthis w
determined to be the most healthful range by metropolitan insurance tablesrartor

the authors. Of lifetime never-smokers those with BMI's < 18.5 and > 26.0 had an
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increased risk of mortality. Of ever-smokers and current smokers themowa
association. A limit in interpretation of the results is that there did not afgpbarany
adjustment for physical activity levels related to work, leisure time roergélifestyle.
Overall, our results are very similar when looking at the range of BMI of neased
risk of death.

In summary, the studies to date looking at BMI and all-cause mortality im Asia
populations have not been uniform in methodological approach. Comparing data from the
Women’s Shanghai cohort study is difficult because of the approach taken toranalyz
the data. Gu et al found a U-shaped association with the only range of non-incdased ri
of mortality was in BMI's 24-26.9. However, in the main analyses smoking was only
adjusted for and it wasn'’t clear in sensitivity analyses if smokers warally excluded,
thus this may have affected the results. In a study of Korean national heatdmice
participants utilizing a sound methodological approach, with the referent (23-24§) bei
the lowest risk, a J-shaped association was observed with risk increasindjsn<BIg.5
and > 30, however this study had a wide age range of study (30-95). Utilizingreahat
sample of Korean woman a U-shaped association between BMI and all-catedgymor
was also observed when applying appropriate methods with increased risk s1<BRAI’
and> 27.0. In the Japanese study of disease free men and women, including smokers,
men with a BMI of 23-27 were not at increased risk for premature mortatityvamen,
who smoked much less, had no increase in risk between BMI's of 19-30 after adjustment
and exclusion of smokers. Because of the approach taken, the results beyond the noted

are not interpretable or potentially applicable. In a population similar taQhkS Sof
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Shanghai men, a U-shaped association was observed with risk increasinig<al 85l
and > 26.0.

There are multiple methodological considerations in the analysis obBM¥all-
cause mortality. It is important to approach this type of study with understanding of
sound methodological and statistical approaches to looking at the data. Yet, itlis equa
important to consider how the question being asked changes when exclusions and
stratification of participants occurs; and how the underlying pathophysialudy
morbidity of overweight, obesity and underweight and ultimately mortaléffexted by
including and excluding participants who are elderly, smoke or smoked, have prevalent
disease or died in a short period of time after starting to be followed. As aptiyyte
Manson et al**?a different question is being asked when there is inclusion of smokers
and prevalent disease in the model vs. only studying apparently healthy peoge. In th
former, the question is essentially asking what the probability of dedth iseatain
BMI, where in the latter the question is more informative for contributions and
recommendations for policy since it is essentially asking what a 8kl seemingly
healthy individuals is should maintain to minimize premature mortality.

One methodological aspect that could help in comparability and interpretation of
future studies is uniformity in approach of choosing a referent categasileass using
the true distribution of the BMI data. If this was based upon the lowest age stagdlardiz
mortality in a BMI group and according to smoking status, this may make fuse@rcé

in Asians more comparable since the methodological approaches and choices @athis ar

generally left the studies less comparable than they could be. Additianallyding
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smokers or stratifying by smoking status regardless of statisticihdjs and presenting
that data would help in interpreting the literature.

Furthermore, it is important to consider the recent history of the people of
different regions of Asia in interpretation of the results and consider the pbtengact
of life course BMI on mortality. Moreover, approaching the question of BMI and all
cause mortality with a life course point of view may be the optimum approach, as
decisions made on the impact of relative weight need to be considered with what BMI
means throughout life in a respective population, when it was measured, hove# telat
health statuses and behaviors, and the multiple aforementioned methodologisal issue
that may arise in studying this question. Using the SCHS as evidence arargobegx
persons reporting a BMI in the normal to somewhat overweight status accaortieg t
WHO do not appear to be at increased risk of premature mortality where severe
underweight status and high overweight and obese statuses are at increased hksk. Whi
other portions of China and Asia are undergoing a nutrition transition and low body
weight may be a reflection of socioeconomic position or under-nutrition, Singapore is a
established, wealthy and highly developed, urban nation. This development occurred
rapidly in Singapore’s history though, and the lifespan of most of the adults in Singapore
spans this quick transition; and low body weights in adulthood leading to an increased
hazard ratio of mortality may be a reflection of potential under nutrition or other
physiologic or health conditions during childhood, adolescence and young-adulthood for
the participants.

Strengths of our study include thorough assessment of potential lifestyle
confounders of the BMI-mortality association, a large sample size and amgiet of
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events combined with a long follow up time. The participants are also represeotati
the population they came from and mortality assessment is thought to be complete.
Study of this population may also allow for making inferences in other highglajsad
Asian regions or countries.

Limits include non-assessment of mental health conditions, not having complete
info on chronic health conditions such as COPD, cirrhosis and some neurodegenerative
diseases at baseline. However, since BMI was assessed during nmdHgemajority of
these participants, all afforded a high level of medical care in a wealtleyysdhe
prevalence of undiagnosed disease is of low probability. Further considerationdg incl
the use of self-reported height, weight and other demographic and lifestyle da
Additionally, further data on other measures of body habitus may complement BMI in
this population and contribute to further understanding. Misclassification and
measurement error need to be considered as possible explanations, although if non-
differential in nature, this would most likely account for a lack of or attenhat
associations we observed. Multiple assessments may help interpret armittar
understanding the data further as well.

In conclusion, we observed a U-shaped association between BMI and all-cause
mortality in disease free non-smokers, where risk of premature momalieased in
persons with a BMI > 26.0 and < 18.5, though this association on the low end appears to
be driven by BMI < 17.0. Our results suggest that maintaining a healthigtugeig
important in this population regardless of age as the association in overweighivagatus
still apparent in persons 65+. These older participants appeared to be driving tipe stron
positive association in the underweight category as well. Further studus#-specific
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mortality is warranted to understand if deaths from different causes indltdeashape

and nature of the association in the SCHS. Our findings, while concurrently giving
consideration to the association and impact of relative weight on chronic disease, h
the potential to contribute to public health recommendations on what a optimum weight
range may be in an Asian population where a higher proportion of BMI’s fall inea low

range compared to European and North American populations.
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Table 8.1: Baseli ne characteristics by smoking status according to b

Body Mass Index (kg/m ?)

ody mass index (BMI) in SCHS

Characteristics

N

Age

Sex (% women)
Weight (Kg)

Body mass index
Education (% secondary)
Strenuous Activity ¥
*Moderate Activity €
Alcoholic drinks/wk
Hypertension (%)
8Prevalent disease (%)

N

Age

Sex (% women)
Weight (Kg)

Body mass index
Education (% secondary)
Strenuous Activity ¥
*Moderate Activity €
Alcoholic drinks/wk
Hypertension (%)
8Prevalent disease (%)

<18.5

2,260
55.5 (8.1)
75.7
44.0 (5.0)
17.3 (1.0)
348
6.8
49 (2.5)
0.4 (1.9)
10.2
10.4

1,590
59.5 (7.9)
17.9
46.7 (5.2)
17.2 (1.1)
225
45
44 (2.5)
2.8(7.7)
9.4
13.4

18.5-19.9

3,612
54.8 (7.7)
76.0
485 (4.7)
19.3 (0.4)
37.3
8.4
51 (2.4)
0.4 (2.2)
12.9
9.4

1,860
58.2 (8.1)
14.8
52.0 (4.8)
19.3 (0.4)
27.6
7.0
47 (2.5)
2.6 (7.5)
11.6
13.7

20.0-21.4 21.5-22.9

23.0-24.4

Non-smokers , N=35,766

5,643 6,422
54.8 (7.8) 54.9 (7.7)
721 715
52.4 (5.1) 55.9 (5.4)
20.8 (0.4) 22.2 (0.4)
36.6 342
8.8 9.0
56 (2.8) 60 (2.9)
0.5 (2.5) 0.4 (2.2)
16.4 21.4
10.9 11.5

6,210
55.1 (7.6)
68.9
59.7 (5.7)
23.7 (0.4)
334
9.2
56 (2.6)
0.4 (2.1)
26.6
13.7

Ever-smokers , N=15,485

2,590 2,585
58.0 (7.9) 57.9 (8.1)
13.0 15.6
55.9 (4.9) 59.9 (5.4)
20.8 (0.4) 22.3 (0.4)
283 29.7
7.3 7.0
53 (2.6) 58 (2.6)
2.5(7.2) 2.1(5.9)
15.3 19.7
15.9 16.9

2,513
57.3 (7.8)
12.4
64.1 (5.7)
23.7 (0.5)
333
9.6
57 (2.7)
2.1(6.1)
25.6
19.1

24.5-25.9

4,779
55.4 (7.7)
70.2
63.1 (6.1)
25.2 (0.5)
29.1
8.0
62 (3.0)
0.4 (2.1)
31.3
13.9

1,834
57.2 (7.9)
12.5
68.0 (5.9)
25.3 (0.4)
316
8.2
64 (3.0)
1.9 (6.1)
317
20.5

26.0-27.4

2,937
55.3 (7.7)
67.3
66.9 (6.7)
26.7 (0.4)
29.7
7.6
61 (2.8)
0.5 (2.6)
355
15.0

1,100
57.2 (7.8)
13.1
71.7 (6.2)
26.7 (0.4)
29.9
7.8
69 (3.1)
2.1(6.8)
35.3
225

227.5

3,903
55.6 (7.8)
74.6
73.3(9.8)
30.0 (2.8)
24.9
6.0
50 (2.7)
0.5 (3.0)
422
18.1

1,413
56.4 (7.8)
18.1
78.6 (9.8)
29.8 (3.0)
26.4
7.7
50 (2.5)
1.9 (6.0)
38.7
22.5

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.007
0.47
0.14
<0.0001
<0.0001

<0.0001
0.41
<0.0001
<0.0001
<0.0001
<0.0001
0.0015
<0.0001
<0.0001
<0.0001

All values mean (standard deviation) except “Moderate activity mean (standard error)

§Prevalent disease= Self reported physician diagnosed baseline cardiovascular disease, diabetes mellitus or respiratory disease

Strenuous Activity ¥ (% ever)

*Moderate Activity € (Minutes/week)
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Table 8.2: Age standardized all -cause mortality and Hazard ratios according to Body Mass Index : SCHS

Body Mass Index (kg/m ?)

<18.5 18.5-19.9 20.0-21.4 21.5-229 23.0-244 24.5-25.9 26.0-27.4 227.5

Ever-smokers N=15,485, No. deaths=3,839

No. deaths/N 506/1,590 525/1,860 647/2,590 609/2,585 543/2,513 442/1,834 242/1,100 325/1,413 P trend
Age Standardized rate* 301 261 234 213 194 217 199 208
HR 1.36 1.26 111 1.03 1.0 1.09 1.05 1.19 < 0.0001
(95% ClI) (1.21-1.54) (1.12-1.43) (0.99-1.25) (0.92-1.16) (0.96-1.23) (0.90-1.22) (1.03-1.36)

Non-smokers including prevalent disease N=35,766, No. deaths 3,740

No. deaths/N 227/2,260 330/3,612 520/5,643 654/6,422 608/6,210 496/4,779 340/2,937 515/3,903
Age Standardized rate* 105 78 78 86 83 88 929 115
"HR 1.23 1.0 0.94 0.99 0.93 0.97 1.09 1.20 < 0.0001
(95% ClI) (1.05-1.44) (0.82-1.08) (0.87-1.13) (0.81-1.06) (0.85-1.12) (0.93-1.27) (1.04-1.38)

’Non-smokers and Disease free N=31,176, No. deaths=2,524

No. deaths/N 204/2,024 227/3,271 374/5,030 448/5,681 395/5,359 331/4,117 228/2,496 317/3,198
Age Standardized rate* 85 58 62 66 62 67 71 84
HR 1.32 1.0 1.02 1.08 1.01 1.05 121 1.30 < 0.0001
(95% ClI) (1.09-1.59) (0.86-1.20) (0.92-1.27) (0.86-1.19) (0.88-1.24) (1.01-1.46) (1.10-1.54)

Excluding deaths with <5 years follow up time N=30,538, No. deaths 1,886

No. deaths/N 149/1,969 156/3,200 283/4,939 343/5,576 292/5,256 245/4,031 168/2,436 250/3,131
Age Standardized rate* 63 42 47 51 46 50 60 66
HR 141 1.0 112 1.20 1.08 112 131 1.49 0.0003
(95% CI) (1.12-1.76) (0.92-1.36) (0.99-1.45) (0.89-1.32) (0.92-1.39) (1.05-1.63) (1.22-1.83)

SCHS= the Singapore Chinese Health Study

Age standardized rate*= mortality rate per 10,000 person years using age distribution of Singapore Chinese Health Study

HR (95% CI) = Hazard Ratio; 95 % confidence interval: Model adjusted for age, sex, year of enrollment, dialect, education, dietary pattern score and physical
activity

'"HR (95% CI) also adjusted for prevalent disease status

P trend= P value for quadratic term (U or J shaped) using median of BMI in each category as continuous variable

2Exclusion of 4,590 participants with prevalent cardiovascular disease, diabetes mellitus, and respiratory disease

P value interaction between baseline BMI and ever-smoking status = 0.0012

P value interaction between baseline BMI and prevalent disease=0.09, (cardiovascular disease, diabetes mellitus and respiratory disease)
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Hazard ratios of all-cause mortality according to d eciles of body mass index

HR of mortality

<19.1 19.1- 20.3- 21.3- 22.1- 22.9-  23.8- 24.7-  26.0- >27.7
20.3 21.3 22.1 22.9 23.8 24.7 26.0 27.7

BMI (kg/m ?)

Figure 8.1: Hazard ratio of mortality according to deciles of BMI (kg/mz) in 31,176 (No.
deaths=2,524) disease free non-smokers adjusted for age, sex, year of enroliment, dialect,
education, dietary pattern score and physical activity. Points represent HR point estimate and
error bars represent 95% confidence intervals. P value for quadratic term of median BMI by
deciles=0.0014

158



Hazard ratios of all-cause mortality according to d eciles of body mass index
excluding early deaths (< 5 years follow up time)

HR of mortality

<19.1 19.1- 20.3- 21.3- 22.1- 22.9-  23.8- 24.7-  26.0- >27.7
20.3 21.3 22.1 22.9 23.8 24.7 26.0 27.7

BMI (kg/m 2)

Figure 8.2: Hazard ratio of mortality according to deciles of BMI (kg/mz) in 30,538 (No.
deaths=1,886) disease free non-smokers excluding deaths occurring within 5 years of baseline
interview date to account for potential reverse causality in model. Model adjusted for age, sex,
year of enrollment, dialect, education, dietary pattern score and physical activity. Points
represent HR point estimate and error bars represent 95% confidence intervals. P value for
quadratic term of median BMI by deciles=0.002
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Hazard ratios of mortality according to BMI's<17. 0-227.5

2.2

HR of mortality
L~
[ N H (o)) (o] N

o
©

0.6

<17.0 17.0-18.4 18.5-19.9 20.0-21.4 21.5-22.9 23.0-24.4 24.5-25.9 26.0-27.4 227.5
BMI (kg/m 2)

Figure 8.3: Hazard ratio of mortality incorporating lower cut-points of BMI (kg/mz) in 31,176 (No.
deaths=2,524) disease free non-smokers adjusted for age, sex, year of enroliment, dialect,
education, dietary pattern score and physical activity. Points represent HR point estimate and
error bars represent 95% confidence intervals. P value for quadratic term of median BMI by
group=<0.0001
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Hazard ratios of mortality according to BMI's<17. 0-227.5
excluding early deaths (< 5 years follow up time)

HR of mortality

<17.0 17.0-18.4 18.5-19.9 20.0-21.4 21.5-22.9 23.0-24.4 24.5-25.9 26.0-27.4 227.5
BMI (kg/m ?)

Figure 8.4: Hazard ratio of mortality incorporating lower cut-points of BMI (kg/mz) in 30,538 (No.
deaths=1,886) disease free non-smokers adjusted for age, sex, year of enroliment, dialect,
education, dietary pattern score and physical activity. Points represent HR point estimate and
error bars represent 95% confidence intervals. P value for quadratic term of median BMI by
group=<0.0001
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Age stratified mortality rates per 1,000 PY
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185 199 21.4 229 244 259 274 2715

BMI (kg/m ?)

Figure 8.5 : Age stratified mortality rates in 31,176 (No. deaths=2,524) disease free non-smokers.
Numbers in legend correspond with age groups and PY= person years.
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Hazard ratio of mortality stratified by age

\-Age < 65 m Age 65+

2.40
2.20
2.00
1.80
1.60
1.40
1.20

HR of mortality

1.00
0.80
0.60

<17 17-18.5 18.5-23 23-26 26-27.5 27.5+
BMI (kg/m 2)

Figure 8.6: Age stratified hazard ratio of mortality in 31,176 (No. deaths=2,524) disease free non-
smokers adjusted for age (continuous), sex, year of enrollment, dialect, education, dietary pattern
score and physical activity using BMI's 18.5-23.0 as the referent group. Points represent HR point
estimate and error bars represent 95% confidence intervals.
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Hazard ratio of mortality stratified by age minuse  arly deaths

\-Age < 65 m Age 65+

2.60
2.40
2.20
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60

HR of mortality

<17 17-18.5 18.5-23 23-26 26-27.5 27.5+
BMI (kg/m 2)

Figure 8.7: Age stratified hazard ratio of mortality in 30,538 (No. deaths=1,886) disease free non-
smokers adjusted for age (continuous), sex, year of enrollment, dialect, education, dietary pattern
score and physical activity using BMI's 18.5-23.0 as the referent group. Points represent HR point
estimate and error bars represent 95% confidence intervals.
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Non-parametric graph of BMI-mortality association
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Figure 8.8: The fully adjusted non-parametric graph of the association between BMI (kg/m?) and
all-cause mortality in ever-smokers (N=15,485, No. deaths=3,839) on the log scale with the
model set to modest smoothing and linear fit parameters. The solid line represents the point
estimate of the curve, and the dotted lines represent the upper and lower 95% confidence bands.
The shaded area at the bottom of the plot is the distribution of BMI data.
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Non-parametric graph of BMI-mortality association
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Figure 8.9: The fully adjusted non-parametric graph of the association between BMI (kg/m?) and
all-cause mortality in Non-smokers including prevalent disease  (N=35,766, No. deaths 3,740)
on the log scale with the model set to modest smoothing and linear fit parameters. The solid line
represents the point estimate of the curve, and the dotted lines represent the upper and lower

95% confidence bands. The shaded area at the bottom of the plot is the distribution of BMI data.
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Non-parametric graph of BMI-mortality association
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Figure 8.10: The fully adjusted non-parametric graph of the association between BMI (kg/mz) and
all-cause mortality in Disease free , non-smokers (N=31,176, No. deaths=2,524) on the log scale
with the model set to modest smoothing and linear fit parameters. The solid line represents the
point estimate of the curve, and the dotted lines represent the upper and lower 95% confidence
bands. The shaded area at the bottom of the plot is the distribution of BMI data.
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Non-parametric graph of BMI-mortality association
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Figure 8.11: The fully adjusted non-parametric graph of the association between BMI (kg/mz) and
all-cause mortality in Disease free _non-smokers excluding early deaths  (N=30,538, No.
deaths 1,886) on the log scale with the model set to modest smoothing and linear fit parameters.
The solid line represents the point estimate of the curve, and the dotted lines represent the upper
and lower 95% confidence bands. The shaded area at the bottom of the plot is the distribution of
BMI data.
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Summary

Diet and lifestyle are the primary channels in prevention of weight gain pa@ty
diabetes, as well as being implicitly involved with body mass index (B literature
on dietary factors related to obesity and type 2 diabetes has continued to expand but littl
research has focused on Asian populations. Research on Asians is topical and relevant
due to the high rates of diabetes and obesity observed in the region as it continues to
develop rapidly, and lifestyle and diet evolve to adapt new influences. Furthermore,
debate over the optimal BMI range in Asians is an important public health question in
need of more thorough investigation. All-cause mortality is a highly applicables publi
health endpoint that is an important consideration with relation to adult BMI levwels. B
investigating the association of dietary patterns with weight gain, riskexity and risk
of type 2 diabetes, as well as considering how western fast food relataghio geen,
and BMI with all-cause mortality we have aimed to characterize Hrese in a
Southeast Asian population. Research on these topics may contribute to public health
initiatives and further understanding of the etiology of these health statesseases.

We derived and observed two main dietary patterns in this population. A pattern
characterized by high consumption of vegetables, fruit, and soy products with slome fi
and seafood was inversely associated with weight gain and no future riskitf obes
non-smokers. A pattern characterized by high consumption of dim sum, fresh and
processed meats, higher levels of noodles and rice dishes, and some sweetened and deep
fried foods was associated with increasing weight gain with higher consumapbtihe

pattern as well as increased risk of future obesity and type 2 diabetes. rrarthezach
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small increase in western fast food and soft drinks was associated witheaseicr

weight gain. Consideration of the association of BMI with all-cause mgrtalihd a U-
shaped association, with BMI from the normal range through the middle range of
overweight status (18.5-26) not associated with risk of premature all-causditsnor
Increased risk in BMI < 18.5 appeared to be driven by persons aged 65 and above.
Future studies on diet, weight and obesity and type 2 diabetes are warranted @r young
portions of similar Asian populations as this age group has adapted differenkelitesty
dietary influences. Continued and further future research on body composition in relation
to chronic disease and mortality is also justified. Studies accounting fsrofea

functional and high quality life, assessing the distribution and location of adiposity and
looking at influences of this adiposity may have great impact on understanding of the

etiology as well as greatly contribute to public health initiatives.
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