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Original Article

Anthropometric, metabolic and dietary fatty acids
profilesin lean and obese diabetic Asian I ndian subjects

Arnab GhoshphD

Palli Charcha Kendra, Visva Bharati University, Siarketan, West Bengal, India

The present study was aimed to study anthropometrétabolic and dietary fatty acids profiles am@@f
(Group I: lean controlN = 80; Group IlI: lean diabetidy = 70 and Group llI: obese diabet,= 50) Asian
Indians (aged 30 years and above) living in théeeagart of India. Anthropometric [height, weigktaist
(WC) and hip circumference] metabolic [total chobest (TC), triglyceride (TG), high (HDL), low dengit
lipoprotein (LDL) and fasting plasma glucose (FP&){l dietary profiles were collected from eachipigant.
Body mass index (BMI), waist-hip ratio (WHR) and catyidndex (Cl) were subsequently computed from
anthropometric measures. An open-ended 24 h fecallrproforma consisting of three sections antbaal
language was used to collect nutrient informatisnmf each participant. Daily intake of nutrientsliting
saturated (SFA), monounsaturated (MUFA) and polgturated fatty acids (PUFA) were estimated by agidin
all the foodstuffs consumed on weekly and monthdgi®s One-way ANOVA with Scheffe’s post-hoc test
revealed that Group | has significantly lower mélaan both Group Il and Group Il for age, WC, WHR, CI,
TC, TG, LDL, FPG and total carbohydrates; Groupd &ignificantly lower mean than Group Il only fobH
and Group | has significantly lower mean than Grdumnly for BMI, total proteins and total fats. nCthe
other hand, Group | has significantly greater meaan both Group Il and Group Il for UFA/SFA,
MUFA/SFA and PUFA/SFA whereas Group | has signiiibalower mean than Group Il only for trans fatty
acids and Erucic acid. Pearson’s partial corratatemntrolling age and sex) analysis showed thatatios of
unsaturated fatty acids and saturated fatty aadssignificant negative association with lipidpolprotein and
fasting glucose. Discriminant analysis revealed therall 86.2% of all cases were correctly (pwosity)
classified in three groups using fatty acids arelrthatios. In conclusion, it seems reasonablertue that
dietary management including dietary guidelines lbdne useful to retard the growing incidence obdi@s in
Indian population.
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Introduction tendency to central obesity in south Asians althotiey
The prevalence of coronary heart disease (CHD) @svkn are no more overweight than European or Ameriéahs.
to be very high in the people of Asian Indian aribi All the major treatment guidelines highliglgfirisk stra-

Cardiovascular mortality in Indian population ikedly to tification and management as imperative for thaskigh
climb up 103% in men and 90% in women by 261f risk of chronic diseases. Framingham’s risk sdsrene
fact, CHD has been predicted to rank first amomrgctiuses such method to assessing the relative ‘odds’ & aisan
of death in Indian population by 203Rlthough the pre- individual to develop CHD over the next 10 yeHrs.Al-
valence of conventional risk factors such as snmkity- though Framingham's risk score has not been adelguat
pertension and hypercholesterolemia is no highesouth tested in Indian population, one retrospective -casrol
Asians than other ethnic groups yet it seems redserto study failed to identify a large proportion of highkk indi-
state that some risk factors for atherosclerosés parti- viduals who actually developed acute coronary symar
cularly widespread among them namely high plasma t(ACS) in diabetogenic condition. In fact, in digibepa-
glyceride (TG), increased level of total cholestefBC) tients there was no significant difference in theam pro-
and high-density lipoprotein (HDL) ratio or TC: HDlype jected risk between patients with ACS and patigritisout
2 diabetes mellitus (T2DM), central or visceral dtye&® any manifestation of CHB. Available literature also em-
Most interestingly, in Asian populations, mortalignd phasized that T2DM is a silent killer and increaeslrisk
morbidity from chronic diseases such as CHD, T20b, e to develop CHD prematurely

is occurring in people with lower body mass indBi()

therefore they tend to accumulate intra-abdomiisderal Correspondence address: Dr. Arnab Ghosh, Visva Bharati
fat without developing generalized obesitflhe metabolic University, Palli Charcha Kendra, Sriniketan 731 236
syndrome or ‘syndrome x’ which has been definedhas West Bengal, India

constellation of CHD risk factors is associatecdhvsitriking ig:gt:e%rnle;?ﬁ?u%lﬁ?gf(?a%n.com
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The prevalence of T2DM is also very high in Asianiénd non-manual work and because of that they geneledly
population and in turn emphasized the effectiveagen  sedentary lives.
ment including nutrient profile to identify indivighl who
are at greater risk of T2DN. Anthropometric measures

Indian subcontinent is characterised by calthetero-  Height, weight, circumferences of waist (WC) ang hi
geneity results in differences in food consump#@omong  were recorded using a standard techriitjiy the re-
different Indian communities across the Indian p@sa®  corder. Height and weight were measured to theesea
This difference in food consumption is unquestiopabl 0.1cm and 0.5kg respectively. Waist and hip circum-
potential risk factor for diabetic catastrophe amdhe ferences were measured with an inelastic tapectodiar-
Asian Indians. Although vegetarianism is the generi@  est 0.2cm. Body mass index (BMI), waist-hip ratio

in this population however variations in the caymfate,  (WHR) and conicity index (C1j were computed using
protein and fat intake largely depend upon the geothe following formulae:

graphical regiotf and religion of individuals. Rural peo- gwm = Weight (kg)/ Heigttt (m?)
ple in this part of the universe usually consumiedpke WHR = Waist circumference (cm)/ Hip circumferergcen)

diets consisting of low total saturated fat anchhiljetary Cl=Waist circumference(m)/(0.109jweight(kg)/Height (m)]
fiber by means of green leafy vegetables. On eopntr

urban people use to live on high consumption ofltot Metabolic measures

saturated fat, carbohydrates and decreased infale-0 A fasting blood sample (7 ml) was collected fronttea
tary fiber. Furthermore, like other developing kties  subject for the determination of metabolic profilesll
across the continents, large-scale urbanizatiok®g  subjects were maintained an over night fastdf hour
place in India and in turn brings with effectiveadges in  prior to blood collection. Plasma was separatedemri-
lifestyles including food habits attributable toodNing  fugation at 1000 x g for 20 minutes at room tempeea
circumstances of CHD and T2DM in Asian Indidhs. within 2 hours of collection. Estimation of total ah
However to the best of author’s knowledge, no stody |esterol (TC), triglyceride (TG), fasting plasma cpse
been undertaken to compare anthropometric, lipigs;  (FPG) was carried out on separated plasma using aut
proteins, glucose and nutrient profiles in lean abdse analyzer. High-density lipoprotein cholesterol (HD
diabetic Indian subjects. In view of the above @ons was measured after an overnight stand of plasma in
deration, the present study was undertaken amofg 2Qefrigerator and then precipitation non-high denéito-
(Group I: lean controlN = 80; Group II: lean diabetic, proteins, namely low density lipoprotein (LDL), yer
N = 70 and Group lIIl: obese diabetibl =50) Asian  |ow-density lipoprotein (VLDL), and chylomicrons it
Indians living in eastern part of India with thdléwing  manganese-heparin substriteLDL was then estimated
objectives: using the following formufd:

1. To compare obesity measures, lipids, lipoproteins, LpL=TC - (HDL + TG /5)

plasma glucose and nutrient profiles in lean contro Al biochemical analyses were done at the Biochewnis

lean diabetic and obese diabetic subjects. ~unit of hospitals. All metabolic variables were sed
2. To study the association of dietary fatty acid®irth in mg/dl (mg%). Both anthropometric and metaboligam
ratios and obesity measures. sures were recorded in a predesigned proforma tema

3. To study the association of dietary fatty acid®irth ver efficiently during computation.
ratios, lipids, lipoproteins and plasma glucose.
4. To find out how well (discrimination) dietary fatty Dietary profile

acids and their ratios could be used for correcteg\n open-ended 24h food recall proforma consistifig o

group size in this population. three sections and in local language was used ltecto
nutrient information from each participant. Thefprma

Materials and methods was equipped according to the guidelines prepayetié
Study population National Institute of Nutrition (NIN), Hyderabadn-I

The sample comprised of 200 apparently healthy indigia!®® The validation of tools used to assess diet had
viduals of both sexes and were aged 30 years awEab peen made in a study pertaining to urban slum engelh
The following three groups were studied: Lean controhorthern Indid® The responses to the open-ended sche-
(Group-I,N = 80, Male: Female = 50:30); Lean diabetic dule were free and spontaneous and respondentsmoere
(Group-Il,N = 70, M: F= 40:30) Obese diabetic (Group- |imited in their replies to a particular questionspd to

I, N =50 M: F = 40:10). The study was conductedthem. The sole purpose of using an open-ended siehed
during the period of December 2003 to January 28105 in the study was to collect quantitative crossiseel

the ‘out patient department’ (OPD) of B.R.Singh pies data on dietary pattern. The first section of pheforma

tal, Eastern Railway, Calcutta and Medical College a was meant for collecting 24h nutrient intake indhed
Hospital, Calcutta, India. All participants werecapant  preak-fast, lunch, evening snacks and dinner. hersd

of Calcutta and suburb. Informed consent was télen  version dealt with various foodstuffs usually natne

all participants prior to actual commencement o th sumed daily. The consumption was recorded on a
study. The institutional ethics committee have hadnonthly basis. The third section included the typel
approved the present study. All participants wertert  amount of fats used as the cooking medium as veell a
viewed at the OPD of the Hospitals by the reco(@&).  utensils commonly used in making food. Daily ireak

The majority of the participants (85%) were engaged nutrients was estimated by adding all tbedstuffs
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consumed oma weeklyand monthly basis.

To convert Table 1.

Anthropometric, metabolic and nutritior

foods stuffs into nutrients, a programme was uséti W characteristics in lean controldl & 80) lean diabeti

the standard nutrient values of Indian foods. iRiahry
testing of the programme was carried out on thetmmurt
data of a small subset of present population.

Definitions

Obesity was defined as individuals having B kg/
m?. All other individuals were considered as leanttiPa
cipants were considered as type 2 diabetic whetinfas

plasma glucose >125mg¥%or when they were on any

hyperglycemic drug. Individuals on insulin therapgre
not incorporated in the study.

Statistical analyses
Descriptive statistics such as mean and standasidtam
were undertaken separately for three groups. Cosgra

of groups for variables was done using analysis of

variance (ANOVA) and withScheffe’s post-hoc test.
Pearson’s partial correlation was also undertakethfee

groups separately and cumulatively to study theo-ass

ciation of dietary fatty acids, their ratios andesity
measures as well as to assess the associatioretafydi
fatty acids, their ratios, lipids, lipoproteins apthsma
glucose. Finally, to find out how well (discrimiian)
dietary fatty acids and their ratios could be uded
corrected group size in this population discriminana-
lysis was undertaken. Discriminant analysis is sueh
approach and is useful for situations where onetwan
build a predictive model of group membership based

observed characteristics of each case. The proeedur

generates a discriminant function (or, for morenthao
groups, a set of discriminant functions) based inear
combinations of the predictor variables that previtie
best discrimination between the groups.

membership is known; the functions can then beiegpl
to new cases with measurements for the predictoa-va
bles but unknown group membership. All statistizah-

(N =70) and lean obese subjedts=50).

Lean Lean Obese
Variables controls  diabetics  diabetics
(Group I, (Group Il, (Group I,
N =80) N =70) N =50)

1Age (years) 38.4+10.2 40.2+11.2 41.3t10.5
Male: Female 50:30 40:30 40:10
3Body mass index 20.4+2. 21.242.6  25.8+2.3

(BMI in kg/n?)
YWaist circum-

ference(cm) 80.4+6.4 83.0+3.2 94.5+8.2
YWaist-hip ratio

(WHR) 0.82+0.21 0.90+0.24 0.98+0.32
! Conicity index

cn 1.08+0.23 1.14+0.21 1.29+0.31
Total cholesterol

(mg/dl) 190.4+28.4 200.5£25.2 245.4+36.4
Triglyceride

(mg/dl) 95.4+19.2 125.2+24.4 142.0+27.2
2High-density

lipoprotein 42.2+7.8 44.0+8.2 43.2+7.4
Cholesterolfig/dl)
| ow-density

lipoprotein 129.4+22.4 131.2+21.5 174.0+26.4

cholesterolrag/dl)
!Fasting plasma
glucosemg/dl)
otal
carbohydrates (g)226.4+32.2 208.2+28.4 266.5+31.2

*Total proteins (g) 60.4+17.560.2+18.4  62.41+21.4
*Total fat (g) 45.5+14.2 44.2+12.4  62.2+11.4

102.4+14.5 121.8+12.8 129.7+13.4

The funstio
are generated from a sample of cases for whichpgrou

Values are in Mean + SD; One-way ANOVA wilitheffe'sest
revealed that! Group | has significantly lower mean than both
Group Il and Group I112Group | has significantly lower mean
than Group Il only°Group | has significantly lower mean than
Group Il only

lyses were performed using the SPSS (PC+ version 10Group | has significantly lower mean than Grouprly
A P value of <0.05 (two tailed) was considered asisign for HDL and Group | has significantly lower mean rtha

ficant.

Results

Group Il only for BMI, total proteins and totaltfa

Descriptive statistics and group differencaisdietary

fatty acids and their ratios were presented in Tabl&he

The distribution of all variables were checked forma-  results revealed that Group | has significantly atee

||W and was found that distribution of WC, WHR,,Gll mean than both Group I and Group lI for UFA/SFA,
the metabolic measures except LDL and two fatty sacidMUFA/SFA and PUFA/SFA whereas Group | has signi-
ratios namely MUFA/SFA and PUFA/SFA were signi- ficantly lower mean than Group Il only fdrans fatty
ficantly skewed. Necessary Lpgtransformation was acids and Erucic acid. Pearson’s partial corretati@on-
undertaken to normalize their distribution. The mead tro”ing age and Sex) were undertaken Separate];hfee
standard deviation (SD) of anthropometric, metabatid  groups as well as for total study sampié < 200) for
dietary profiles of three groups as well as groupobesity measures, dietary fatty acids, their ragios me-
differences were presented in Table 1. The meas @ye tabolic variables. However, only two results were i
years) for three groups were 38.4 (SD=10.2), 40.Zluded as tabular fashion. Pearson’s partial tatiom
(SD=11.2) and 41.3 (SD=10.5) respectively. The mea@nalysis (controlling age and sex) of obesity messu
WC (in cm) for lean control, lean diabetic and @bes with dietary fatty acids and their ratios in tharediabetic
diabetic were 80.4 (SD=6.4), 83.0 (SD=3.2) and 94.5ybjects were presented in Table 3. It revealetl dia
(SD=8.2) respectively. One-way ANOVA witBcheffe’'s  central obesity measures had significant assoniatiith
post-hoc test revealed that Group | has signiflgdatver  dietary fatty acids and their ratios. However, signi-
mean than both Group Il and Group Il for age, WCficant relation was established for BMI with distdatty
WHR, CI, TC, TG, LDL, PG and total carbohydrates; acids and their ratios. The result also revedlet there
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Table 4. Pearson’s partial correlation (controlling age
sex) analysis of metabolic profilestiv dietary fatty acid:
and their ratios in obese diabetic subjebts$0)

Table 2. Dietary fatty acids and their ratios in le
controls N = 80) lean diabeticN = 70) and lean obe:
subjects K = 50)

Variables T¢ TG* HDL  LDL* FPG
Lean Lean Obese
Variables  controls diabetics diabetics TFA 0.42%%* 0.44**  _.0.32** (.30** 0.33**
(Group-|, (Group-1l, (Group-1ll, Erucic acid 0.55*** (0.48*** -0.34*  0.40**  0.24*
2 N = 80) N=70) N =50) UFA/SFA  -0.36* -0.36"* 0.44%* -0.44%* .0.27*
Trans fatty
acids (g) 3.6+0.96 3.4+12 48+14 MUFA/SFA -0.38%* -0.34*  (0.45** -051%* .0.35*
2Erucic acid (g9 55%1.2 5.2+£0.98 74+1.4 PUFA/SFA -0.36** -0.36** 0.45%* -0.42%* -0.27*
WUFA/SFA  1.7+0.89 12+1.2 0.94+0.12 TC-= total cholesterol, TG=triglyceride, HDL= higlemksity lipoprotein
N cholesterol, LDL= low-density lipoprotein cholesikrFPG= fasting
MUFA/SFA  0.94+£0.12 090%0.14 0.32+0.10 plasma glucose, TFAtrans fatty acid, UFA= unsaturated fatty acid,
. MUFA= monounsaturated fatty acid, PUFA= polyunsated fatty
PUFA/SFA 2.1+0.82 1.9+0.86 0.75+0.12

acid, SFA= saturated fatty acid. # = Lpgransformed values are used.
Significant at P<0.05; **P<0.01; ***P<0.001

Values are in Mean = SD; UFA= unsaturated fattydablUFA=
monounsaturated fatty acid, PUFA= polyunsaturatetly facid,
SFA= saturated fatty acid. One-way ANOVA wiSicheffe'stest  Table 5. Results of the discriminant analysis by diet

revealed that' Group | has significantly greater mean than bOthfatty acids and their ratios in study populatibh<200)
Group Il and Group 111’Group | has significantly lower mean than

Group lll only Sample
Actual group  size Predicted group membership
Table 3. Pearson’s partial correlation (controlling age
: . A : (N) | I 11
sex) analysis of obesity measures with dietary fatids
and their ratios in lean diabetic subjedts{70) 80 60 19 1
Erucic UFA/ MUFS/  PUFA/ (75%) (23.7%) (1.2%)
Variables TFA acid SFA SFA SFA
Il 70 10 58 2
BMI 0.12 0.12 -0.13 -0.10 -0.13
(14.3%)  (82.8%) (2.9%)
wc 0.38*** (0.37** -0.45** -0.46*** -0.42*** m 50 0 8 42
AWHR 0.35*** (0.44*** -0.54** -0.50*** -0.53*** (0.0%) (16%) (84%)
*C| 0.43** (.48** -0.31** -0.34**  -0.24* Group I= Lean controls, Group lI= Lean diabeticsp@ Ill= Obese

diabetics, Percent of grouped cases correctlyifieds 86.2%
BMI= body mass index, WC= waist circumference, WHRaist+hip

ratio, Cl= conicity index, TFA#ransfatty acid, UFA= unsaturated fatty
acid, MUFA= monounsaturated fatty acid, PUFA= polyaturated fatty ratios were negatively associated with obesity aeda-

a(_:id,_ _SFA= saturated fatty acid. # = Legransformed values are used pglic measures, discriminant analysis (correctedyfoup

Significant at P<0.05; ** P <0.01; *P <0.001 size) was undertaken to determine how well indiglglun
the three groups could be correctly classifiedizirigy
dietary fatty acids and their ratios. Results (Tab)e

that there existed significant inverse associatietween
unsaturated fatty acids, their ratios with all cehobesity
measures. More clearly, the ratios of unsaturditdty
acids and saturated fatty acids (e.g. PUFA/SFA) sigd
nificant negative association with all central abesea-
sures. The result of Pearson’s partial correlatinalysis
(controlling age and sex) of metabolic profileshnilietary
fatty acids and their ratios in obese diabetic ettigj was

revealed that over-all 86.2% of all cases were eubhy
(positively) classified in three groups.

Discussion

In the present study, it was observed that therstezk
significant inverse association between centralsitpe
measures and intake of unsaturated fatty acidsedier,
all the numerators in fatty acids ratios were umsdéd

presented in Table 4 and it showed that the ratios datty acids e.g. MUFA/SFA, PUFA/SFA etc. Therefate,
unsaturated fatty acids and saturated fatty acilg. ( seems reasonable to argue that increased intakm-of
PUFA/SFA) had significant negative association withsaturated to saturated acids ratio would be baakfic

lipids (TC &TG), lipoprotein (LDL) and FPG. HDL on
the other hand had significar?{0.001) positive relation
with UFA/SFA, MUFA/SFA and PUFA/SFATrans fatty
acids and Erucic acid had significarR<(Q.01) negative
association with HDL. Since dietary fatty acadsl their

across the groups particularly diabetic subjecthaee a
control over their waist line, one of the best knopre-
dictor of chronic diseases such as diabetes. Arerebs
vation on north Indian slum dwellers had mégd that
high oral intake otrans fatty acids increased LDL and
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lowered HDL level in circulation. In additiotransfatty  siderably lower mean for plasma glucose (121.8287)
acids elevate the level of Lp (a), an independeshtfac- compared to obese diabetic in spite of the fadthihik of
tor of CHD. This fact is critically important in fan  the subjects for both groups were under hyperglyjcem
Indians to whom one of the highest levels of Lpyas medication. Less consumption of daily carbohydrated
observed and correlated to CHD.People in this part of fats by lean diabetic subjects compared to obesgetic
the world often use®/anaspati a kind of hydrogenated subjects could possible be one valid reason of lghn
oil, as cooking medium to preparing sweets andlsac diabetic subjects had considerably lower mean G F
This hydrogenated oil contains more than S@&asfatty  compared to obese diabetic individuals.
acids®™ In the midst of altering lifestyles and abundant  No significant differences between Group | &rdup
use ofVanaspatito prepare fast food, intake whnsfatty Il was also evident for BMI (20.4 vs. 21.2). Howey
acid is likely to increase further in the AsianiBmdpopu-  significant differences for all central obesity rseees
lation® Besides, people in this part also used mustardere evident between Group | and Group Il member an
along with rapeseed oil (often distributed by gowmeent in turn reinforce the fact that health risks asat@d with
ration shops) as cooking medium for domestic pupos chronic diseases such as T2DM etc., occur in peoje
Both mustard and rapeseed oil contains a numblengf  lower BMI in the Asia-Pacific region- in particuleé8outh
chain MUFA e.g. erucic acids, PUFA and SFA. In-anaAsians (e.g. Indians) have more centralized obdsitya
lyzing data, unlike many workers, author calculatesgiven level of BMI compared to CaucasighsThe result
MUFA in mustard and rapeseed oil by excluding theof the discriminant analysis, which is useful taldua
erucic acid. The similar procedure was also oleskhwy  predictive model of group membership based on ekser
another study pertaining to Asian Indians. In pnése characteristics of each case, revealed that ov@éali%
study also, erucic acid had significant positiveoaga- of all entries could correctly be classified (leeantrol,
tions with all central obesity measures, lipids (TG), lean diabetic and obese diabetic) using fatty aeidd
lipoprotein (LDL), and plasma glucose. It was oledr their ratios means dietary management includingadje
that people who were using mustard and PUFA of. (e. guidelines would be useful to retard the growingi-in
sunflower oil) in a weekly fashion (2:5 days) haglter  dence of diabetes in Indian population. Howeversuch
lipids profiles and less body fat compared to thad®  policy exists at present in India.
were using mustard oil only. However, till date data The study has some of the limitations inheliena
on permissible levels of erucic acid in Asian Imd@opu-  case-control design. Although the community-basat
lation existed. Moreover, its role to developing any trols would have been ideal, however, hospital-dasm-
cardial infarction has not well been tested in @opu- trols were taken because this was easier to resnditge-
lation. nerally belonged to the same population as hospiséd
Study also revealed that daily total intakecafbo- cases. Furthermore, all participants were reauien-
hydrates and fats was on the higher limit of theone-  secutively with predefined criteria. Finally, tpatients
mendations of World Health Organization (WHO). hate in the study were predominantly male so any extrapo
stingly, in the slum dwellers of northern Indiagttotal lation of these results to women would have to beed
fat intake was on the higher limit of the recommen-with great care. Longitudinal studies investigatitige
dations of WHO? In the present study, there were sig-interaction between modifiable and non-modifiabikk r
nificant differences for daily total intake (in gna) of factors are needed to further our understandinghef
carbohydrates (226.4 vs. 266.5) and fat (45.5 2s2)6 etiology of diabetes in the Indian population. Com-
between lean control and obese diabetic subjedise  parisons of Indian migrant populations elsewherh wi
major sources of carbohydrates were from rice, Whea that of local population of respective countriesuldo
sweet potatoes and green leafy vegetables wheheas tyield valuable information about the ‘gene-envir@amt
major sources of fat intake were from milk and nplo-  interaction involved in the chronic diseases eypet2
duct, hydrogenated fat and fatty inland fish. dwotf rice  diabetes.
(rich source of carbohydrates) and fish (not meed)the
staple foods in this part of the worfi. Theatherogenic ~ Acknowledgement
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