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Background: The prevalence of type two diabetes (T2D) is rapidly increasing in India and is 

predicted to affect 7% of the population by 2030. There is evidence that maternal nutrition 

before and during pregnancy affects foetal development and risk of T2D in the offspring. Green 

leafy vegetables (GLV), fruit and milk are micronutrient-rich foods that are acceptable to most 

of the Indian population. Intakes of these foods during pregnancy were positively associated 

with birth size in an observational study in rural India. The Mumbai Maternal Nutrition Project 

(MMNP) was a randomised controlled trial (RCT) that investigated the effect of a supplement 

containing these foods on offspring birth size and T2D risk factors in a slum population.  

Objectives: 1) to conduct a systematic review of interventions assessing the effect of increasing 

fruit and vegetable intakes on micronutrient status of women of reproductive age; 2) to run a 

RCT to study the effect of consumption of the MMNP supplement on micronutrient status 

among low income, non-pregnant women aged 15-35y (MMNP Extension Study); 3) to study 

diet patterns among MMNP participants. 

Methods: Published data on the effect of fruit and vegetable interventions on change in 

micronutrient status among women of reproductive age were identified by systematic review. 

The Extension Study was conducted in the Shivaji Nagar area of Mumbai in 2009. Women 

(n=222) were randomised to receive the MMNP intervention supplement or a control 

supplement daily for 12 weeks. Blood samples were collected at baseline, after 6 and 12 weeks 

of supplementation and analysed for retinol, β-carotene, folate, vitamin B12, vitamin C and 

ferritin concentrations. Diet, anthropometry, grip strength, blood pressure and self-reported 

health were assessed at baseline and after 12 weeks. A principal component analysis (PCA) of 

food frequency data was used to identify diet patterns among MMNP participants (n=4816). 

Results: The systematic review identified 14 studies. Most had small numbers of participants 

and 13 were conducted in high income countries. Where assessed, vitamin C and β-carotene 

status improved in over 60% of the studies while findings were inconsistent for other nutrients. 

In the Extension Study, blood micronutrient data pre and post intervention were available for 

170 women (77% of those randomised). The intervention supplement was associated with an 

increase in circulating β-carotene concentrations. There was no effect of the supplement on any 

of the other nutrients measured, or on the functional outcomes. Intakes of fruit, vegetables and 

milk were low in the MMNP and the Extension Study. Three diet patterns were identified. The 

first was characterised by frequent intakes of snacks and fruit, the second by non-vegetarian 

foods and the third by fish and coconut. Adherence to diet patterns was associated with age, 

education, occupation and standard of living.  

Conclusions There is a lack of data on the impact of fruit and vegetable-based interventions on 

micronutrient status of young women in low income countries. The MMNP supplement may be 

an effective method to improve circulating concentrations of carotenoids in an Indian slum 

population. The findings from the PCA may be useful for informing diet guidelines, monitoring 

trends in diet behaviour and designing interventions to improve diet quality in this setting. 
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Source: WHO Global Health Observatory (14). Raised blood glucose is defined as ≥7.0mmol/L or being on 
medication for raised blood glucose ages ≥25years. 



Source: United Nations Department of Economic and Social Affairs (2). 
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. Year 

MDG Indicator 1991 1996 2001 2005 

Population undernourished
1
 (%) 24.0 20.0 21.0 22.0 

Population undernourished
1
 (millions) 210 194 223 252 

Children moderately or severely underweight
2
 (%) 53.4* ND 47.0** 47.8 

1
Energy intake <RDI 

2
Weight for age <2SD below WHO mean reference value (29), *data from 2003, 

**data from 1999, ND no data.



Source: National Family Health Survey 2005-6 (9) 



 

 

 



 

 

 

 



 

 



 

 



 

 



 



 



Source: Bavdekar et al (66) 



 

 

 



 



 



 



 

 



 

Source Godfrey et al (83) 
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Grey boxes represent the hypothetical pathways (effects of micronutrients in italics on developmental 
outcomes have been studied). Source Christian and Stewart (119). 
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Date of 
Study 

Sample  
size 

Xerophthalmia Prevalence (%) 

Serum or plasma retinol 
concentration (µmol/L) 

Prevalence (%) 
 

Current 
night 

blindness 

Previous 
night 

blindness 

Bitot’s   
spots 

<0.35 <0.70 <1.05 

2003 151 (P) 15.9 - - - - - 

2003 300 (P) - - - - 33.7 - 

2003 220 (NP) 7.0 35.0 5.0 - - - 

2002 736 (P) 2.9 - - 3.5 27.3 65.0 

2002 1506 (NP) - 1.46 - - - - 

2001-2 129 (P) - - - - 17.1 - 

2000 1130 (P) 3.21-15.86 - - - - - 

2000 299 (NP) - 18.3 - - - - 

1999-2000 NS (P) 5.2 - - - - - 

1998-2001 5833 (P) 5.5 - - - - - 

1998-2001 5786 (P) 6.1 - - - - - 

1998-9 32393 

(P&NP) 
- 

12.1 
- - - - 

1998-9 300 (P) - - - - 4.0 14.7 

Adapted from the WHO Vitamin and Mineral Nutrition Information System database (121). P, pregnant, 
NP, non-pregnant, NS, not stated 



 µmol/L)

  Prevalence of anaemia 2005-6 (%) 

 By setting By number of years of education  

 Urban Rural Uneducated <5y  5-9y  ≥10y  

All India       

Non-Pregnant 51.5 58.2 60.2 57.9 54.6 46.6 

Pregnant women 54.6 59.0 63.0 58.5 56.2 47.4 

Maharashtra       

Non-Pregnant 46.6 51.1 50.9 52.0 49.6 44.4 

Pregnant women 60.1 56.4 61.2 - 61.8 47.9 

Source: Arnold et al (34), - no data 



 

 



Source: NFHS 2005-6 (9)  

 

 Daily Weekly Occasionally Never At least once a week 

Milk or curd 33.3 10.6 40.9 15.2 43.9 

Pulses or beans 79.2 16.4 4.1 0.4 95.6 

Leafy vegetables 67.4 22.0 9.8 0.8 89.4 

Fruits 27.7 31.7 38.8 1.8 59.4 

Eggs 4.5 47.2 31.5 16.7 51.7 

Fish 2.1 46.3 32.6 19.1 48.4 

Chicken or meat 1.8 47.2 33.9 17.2 49.0 



 



 

 



 



 

 

 



 





 

 



 

 



 



 

 



PRISMA, Preferred Reporting Items for Systematic Reviews and Meta Analyses 
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Ref Author 
(Year) 

Country Participants N  Treatment Intervention Control Intervention Duration Outcome measure(s) 

(164) Agte 
(2006) 

India Students;100% 
female, aged 20-
25y 

12  100g cooked  GLV/d +usual 
diet 

No control group 3wk Plasma Zn, vitamin C, β-
carotene 

(169) Brevik 
(2004) 

Norway Medical students; 
52% female, aged 
19-34y 

39 750g  FV/d + controlled diet 300g  FV/d + 
controlled diet 

14d (CO) Plasma carotenoids (α-
carotene, β-carotene, lutein & 
lycopene) 

(158) Brouwer 
(1999) 

Holland 63% female, aged 
18-45y 

67 Controlled diet based on 
habitual energy intake 
containing folate-rich foods 
~395 µg of folate/d 

Controlled diet with 
no folate-rich foods 
+ placebo tablet 

4wk Plasma folate, red cell folate 

(165) Chopra 
(2000) 

UK 100% female, 
aged 24-52y. 
Non-smokers 

16 Controlled diet + 200g spinach 
&100 g mango puree 

No control group 7d Plasma β-carotene, lutein 

(165) Chopra 
(2000) 

UK 100% female, 
aged 24-52y. 
Non-smokers 

16 Controlled diet + 200g tomato 
puree &100 g watermelon 

No control group  7d Plasma lycopene 

(159) Djuric 
(2006) 

USA 100% female, 
aged 21-50y 

97 Counselling to achieve a goal 
of 9 servings FV/d 

Usual diet 12mo Plasma carotenoids (α-
carotene, β-carotene, lutein, 
zeaxanthin, lycopene, β-
cryptoxanthin, vitamin C, γ-
tocopherol 

N, Number in analysis. GLV, Green Leafy Vegetable. NS, non-statistically significant. FV, fruit and vegetables. CO, Crossover Design. 



Ref Author 
(Year) 

Country Participants N  Treatment Control Duration Outcome measure(s) 

(160) Gill (2007) UK 50% female, aged 
19-55y  

60 85g watercress/d + usual 
diet 

Usual diet 8wk (CO) Plasma β-carotene, lutein, retinol, 
vitamin C, α –tocopherol 

(162) Gill (2004) UK 50% female, aged 
21-45y 

18 113g cruciferous and 
leguminous sprouts + 
usual diet 

Usual diet 2wk Plasma carotenoids, retinol, vitamin 
C, tocopherol, 

(166) Hoelzl 
(2008) 

Austria 50% female, 
mean age 33±7y 

8 300g Brussels sprouts/d 
+ usual diet 

No control group 6d (CO) Plasma vitamin C 

(170) Martini 
(1995) 

USA 66% female, aged 
20-34y 

19 390g broccoli & 300g 
cauliflower + controlled 
diet 

Controlled diet 9d Plasma carotenoids (α-carotene, β-
carotene, lutein, lycopene, β-
cryptoxanthin) 

(163) Møller 
(2003) 

Denmark 50% female aged 
21-56y 

31 Controlled diet  + 600g  
FV/d  

Controlled diet 
(no FV) + 
placebo  

24d Plasma vitamin C and β-carotene 

(161) Maruyama 
(2001) 

Japan 100% female, 
aged21.3±0.8y 

21 Usual diet + 480g tomato 
juice 

Usual diet + 480g  
control drink 

29d Plasma carotenoids (α-carotene, β-
carotene, lycopene, cryptoxanthin), 
α-tocopherol, vitamin C 

(167) Sanchez-
Moreno 
(2006) 

Spain 100% female 
aged22.0±0.5y 

6 Usual diet + 500ml 
vegetable soup/d 

No control group 14d Plasma vitamin C 

(168) Tesoriere 
(2004) 

Italy 56% female aged 
33.3±11.3y 

18 Usual diet with no fruit 
except 500g cactus pear 
pulp 

No control group 14d Plasma vitamin A vitamin C, vitamin 
E  

N, Number in analysis. GLV, Green Leafy Vegetable. FV, fruit and vegetables. CO, Crossover Design 



Author 

(Year) 

Method of analysis N in 

analysis 

Nutrient Group Baseline Post-

intervention 

Effect Size 

(δ) 

P value 

         

Brouwer 

(1999) 

T-test used to compare δ 

between groups. 

45 Plasma folate (nmol/L) Control 13.2±3.4 12.7±2.9 -0.6±1.7 NS 

  Treatment 13.8±3.0 20.4±3.5 6.5±3.0 <0.001* 

 Red cell folate (nmol/L) Control 347±79 345±79 -1.2±38.6 NS 

   Treatment 338±81 400±114 59.3±55.5 <0.001* 

         

Djuric  

(2006) 

Linear effect of time on 

plasma micronutrient levels 

(i.e. slope) compared 

between treatment and 

control groups using mixed 

model repeated measures 

ANOVA. 

97 Plasma α-carotene  NR NR NR <0.001** 

 Plasma β-carotene  NR NR NR 0.002** 

 Plasma β-cryptoxanthin  NR NR NR NS 

  Plasma Lutein  NR NR NR NS 

  Plasma Zeaxanthin  NR NR NR NS 

  Plasma Lycopene  NR NR NR NS 

   Plasma Vitamin C  NR NR NR 0.006** 

         

Gill (2007) Wilcoxon signed-rank test 

to compare δ between 

groups. 

60 Plasma β-carotene (nmol/L) Control 320±210 330±200 NR <0.001* 

  Treatment 330±190 430±260 NR  

 Plasma Lutein (nmol/L) Control 180±70 170±70 NR <0.001* 

    Treatment 180±70 350±180 NR  

   Plasma Retinol(µmol/L) Control 1.89±0.43 1.79±0.37 NR NS 

    Treatment 1.89±0.39 1.84±0.36 NR  

   Plasma Vitamin C Control 57.2±28.0 51.5±32.6 NR NS 

    Treatment 57.6±30.6 59.3±29.1 NR  

   Plasma α-tocopherol Control 27.3±6.7 26.3±5.4 NR NS 

    Treatment 27.3±6.2 26.6±6.1 NR  

δ change in concentrations (post-intervention – baseline); 
† 
p value relates to difference between baseline and post-intervention values, *p value relates to difference between 

groups in terms of the effect size, **p value relates to difference in fitted slopes between groups. NR, not reported  



Author 

(Year) 

Method of analysis N in 

analysis 

Nutrient Group Baseline Post-

intervention 

Effect Size 

(δ) 

P value 

Gill (2004) Independent t test used to 

assess differences in Δ 

between groups 

18 Plasma α-carotene (µmol/L) Control 0.20±0.14 0.23±0.12 0.03±0.18 NS 

   Treatment 0.20±0.14 0.17±0.12 -0.03±0.06  

  Plasma β-carotene (µmol/L) Control 0.68±0.33 0.99±0.67 0.31±0.70 NS 

   Treatment 0.66±0.48 0.57±0.40 -0.10±0.18  

  Plasma Lutein (µmol/L) Control 0.32±0.16 0.39±0.17 0.08±0.16 NS 

   Treatment 0.36±0.22 0.49±0.30 0.13±0.16  

  Plasma Retinol (µmol/L) Control 2.27±0.44 2.36±0.39 0.09±0.75 NS 

   Treatment 2.71±0.66 2.82±0.85 0.11±0.51  

  Plasma Vitamin C (µg/L) Control 12.04±4.98 11.04±2.81 -1.00±3.85 NS 

   Treatment 10.61±2.26 11.01±3.36 0.40±2.52  

  Plasma α–cryptoxanthin (µmol/L) Control 0.08±0.02 0.10±0.03 0.02±0.002 NS 
 Treatment 0.09±0.07 0.10±0.08 0.01±0.02  

  Plasma β-cryptoxanthin (µmol/L) Control 0.25±0.19 0.31±0.17 0.05±0.23 NS 
    Treatment 0.23±0.18 0.25±0.19 0.04±0.09  

   Plasma Lycopene(µmol/L) Control 1.06±0.36 1.27±0.55 0.21±0.54 NS 
    Treatment 0.98±0.53 0.95±0.66 -0.03±0.36  
         

Møller 

(2003) 

No statistical analysis 31 Plasma Vitamin C (µM) Control 67.3±17.3 21.1±11.8 NR NR 

   Treatment 74.8±19.5 78.5±13.6 NR  

   Plasma β-carotene (µg/100ml) Control 19.7±14.5 10.4±8.5 NR NR 

    Treatment 18.6±9.5 30.9±15.7 NR  
         

δ change in concentrations (post-intervention – baseline); 
† 
p value relates to difference between baseline and post-intervention values, *p value relates to difference between 

groups in terms of the effect size, **p value relates to difference in fitted slopes between groups. NR, not reported  



 

Author 

(Year) 

Method of analysis N in 

analysis 

Nutrient Group Baseline Post-

intervention 

Effect Size 

(δ) 

P value 

         

Maruyama 

(2001) 

Wilcoxon signed rank sum 

test used to compare pre 

and post-intervention 

values. 

20 Plasma α-carotene (µmol/L) Control 0.205±0.112 0.189±0.086 NR NS
†
 

  Treatment 0.262±0.251 0.209±0.090 NR NS
†
 

  Plasma β-carotene (µmol/L) Control 1.241±0.621 1.255±0.808 NR NS
†
 

   Treatment 1.456±0.927 2.686±0.857 NR <0.01
†
 

   Plasma Cryptoxanthin (µmol/L) Control 0.243±0.117 0.465±0.272 NR <0.01
†
 

    Treatment 0.350±0.225 0.388±0.279 NR NS
†
 

   Plasma Lycopene (µmol/L) Control 0.672±0.232 0.546±0.186 NR <0.05
†
 

    Treatment 0.647±0.245 1.842±0.216 NR <0.01
†
 

   Plasma α-tocopherol (µmol/L) Control 22.23±2.22 22.37±2.34 NR NS
†
 

    Treatment 28.48±3.61 27.72±3.86 NR NS
†
 

   Plasma Vitamin C (µmol/L) Control 75.88±16.42 70.17±10.75 NR NS
†
 

    Treatment 68.11±12.75 73.37±20.70 NR NS
†
 

δ change in concentrations (post-intervention – baseline); 
† 
p value relates to difference between baseline and post-intervention values, *p value relates to difference between 

groups in terms of the effect size, **p value relates to difference in fitted slopes between groups. NR, not reported  



Author (Year) Method of analysis N in 

analysis 

Nutrient Group Baseline Post-

intervention 

Effect 

Size (δ) 

p value 

         

Agte (2006) Calculation of % increase between baseline 

and post-supplementation. Wilcoxon test to 

compare pre and post-intervention values. 

12 Plasma β-carotene (mg/L) Treatment 1.07±0.11 NR +6% NS
†
 

 Plasma Vitamin C (mg/L) Treatment 0.32±0.01 NR +5% 0.002
†
 

 Plasma zinc (mg/L) Treatment 0.84±0.06 NR +2.5% NS
†
 

        

Chopra (2000) No results of statistical analysis reported. 16 Plasma β-carotene (nmol/L) Treatment 412±340 738±340 NR NR 

 Plasma lutein (nmol/L) Treatment 242±110 591±400 NR NR 
        

Chopra (2000) No results of statistical analysis reported.  Plasma lycopene (nmol/L) Treatment 319±330 852±340 NR NR 
         

Hoelzl (2008) Two-factor ANOVA used to compare pre and 

post-intervention values. 

8 Plasma Vitamin C (µmol/L) Treatment 48±7 61±5 NR <0.05
†
 

         

Sanchez-

Moreno (2006) 

Repeated measures ANOVA used to compare 

pre and post-intervention values. 

6 Plasma Vitamin C (µmol/L) Treatment 50.2±2.3 61.2±1.5 22% 0.03
†
 

         

Tesoriere 

(2004) 

One way ANOVA used to compare pre and 

post-intervention values. 

18 Plasma Vitamin A (µmol/L) Treatment 2.00±0.38 2.19±0.35 NR NS
†
 

 Plasma Vitamin C (µmol/L) Treatment 62.1±10.0 84.0±15.0 NR <0.05
†
 

 Plasma Vitamin E (µmol/L) Treatment 18.3±1.4 20.8±2.0 NR <0.05
†
 

δ change in concentrations (post-intervention – baseline); 
† 
p value relates to difference between baseline and post-intervention values, *p value relates to difference between 

groups in terms of the effect size, **p value relates to difference in fitted slopes between groups. NR, not reported  

  



Author 

(Year) 

Method of analysis N in analysis Nutrient Post Intervention measures Effect Size p 

value Control Treatment 

        

Brevik 

(2004) 

Parallel analysis, no adjustments 

(Mann Whitney U test) 

40 Plasma α-carotene (nmol/L) 48±21 69±28 20 (42%)  0.013 

 Plasma β-carotene (nmol/L) 436±244 627±233 190 (44%) 0.016 

  Plasma β-cryptoxanthin (nmol/L) 205±80 187±83 -17 (-9%) 0.484 

  Plasma Lutein (nmol/L) 254±79 311±113 57 (22%) 0.076 

  Plasma Zeaxanthin (nmol/L) 27±9 32±15 5 (19%) 0.178 

  Plasma Lycopene (nmol/L) 475±122 555±135 80 (17%) 0.057 

        

Martini 

(1995) 

Repeated measures ANOVA 19 Plasma α-carotene (µmol/L) 0.09±0.05 0.09±0.07 NR NR 

  Plasma β-carotene (µmol/L) 0.26±0.13 0.37±0.19 NR NR 

   Plasma Lutein (µmol/L) 0.26±0.09 0.53±0.16 100% <0.001 

   Plasma Lycopene (µmol/L) 0.32±0.12 0.29±0.13 NR NR 

   Plasma β-cryptoxanthin (µmol/L) 0.15±0.12 0.15±0.13 NR NR 

NR, not reported  



 



 



 

 





 



 

 

 

 

 

 

 



 

 

 





Left, raw supplements being shaped before frying. Right, supplements being shallow fried  



 

 

 Β-
carotene 
(μg RE) 

Riboflavin 
(mg) 

Folate 
(μg) 

Vitamin 
C (mg) 

Median daily intake during MMNP pilot study 600 0.65 126 21 

75
th
 centile of intake in PMNS 654 0.82 164 23 

Target nutrient content of supplement 108 0.34 76 4 

UK Estimated Average Requirement  500 1.2 250 25 

Safe Upper Limit (176)  1166 - - - 



 

 

 

 



 

 

 



 

 

 



 

 



 

 



 Control Intervention 

Nutrient  Mean (range) nutrient content per supplement 

ß-Carotene (RE) 2 (0-3) 223 (21-595) 

Riboflavin (mg) 0.01 (0.00-0.02) 0.12 (0.00-0.22) 

Folate (μg)
a
 6.1 (2.7-12.1) 49.0 (5.2-93.0) 

Vitamin C (mg) 0.00 (0.0-0.6) 4.1 (0.0-36.6) 

Vitamin B12 (μg) 0.18 (0.00-0.60) 0.30 (0.00-0.74) 

Calcium (mg) 25 (8-87) 169 (52-356) 

Iron (mg) 0.90 (0.65-1.28) 3.65 (1.22-7.59) 

Energy (kcal)
 b 

90 (65-158) 164 (134-220) 

Protein (g)
 b

  2.4 (1.0-3.3) 6.7 (2.7-7.9) 

 Mean % of EAR
c
 per supplement 

ß-Carotene (RE) <1 45 

Riboflavin (mg) 1 10 

Folate (μg) 2 20 

Vitamin C (mg) 0 12 

Vitamin B12 (μg) 14 24 

Calcium (mg) 4 27 

Iron (mg) 8 32 

 



 

 



 

 

 



 

 

 





 

 











 



 

 



 



 

 

 

 

 

 



Vacutainer 
Volume of 
blood (ml) 

Assay Vials 

Lithium Heparin 2 Vitamin C 2 x 0.3ml plasma 
mixed with 0.3ml of 

MPA 

Serum Separating 
Tube (kept in dark) 

3.5 Β carotene 2 x 0.6ml serum 

Serum Separating 
Tube 

4.5 Vitamin A 

Ferritin 

0.5ml serum 

0.5ml serum 

EDTA 1.5 Folate, B12, 
homocysteine 

0.5ml plasma 

EDTA 1 Complete blood count 1ml whole blood (no 
centrifugation) 

MPA, metaphosphoric acid. EDTA, Ethylenediaminetetraacetic acid  

 



 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 

 

 





 

 

 

 





 

 



  MMNP (n=6513) Extension Study 
(n=222) 

 

  N % N % p* 

Religion Hindu 4561 70 34 15 <0.001 

 Muslim 1671 26 181 82  

 Other 281 4 7 3  

       

Married Yes 6513 100 112 50 n/a 

 No 0 0 110 50  

       

Education 
(years) 

0-5 809 12 46 21 <0.001 

5-10 4551 70 158 71  

 10+ 1144 18 18 8  

 Not known 9 <1    

       

Occupation Professional 180 3 12 5 <0.001 

 Skilled 701 11 21 10  

 Unskilled 517 8 44 20  

 Not working 5115 78 145 65  

       

Husband/ 
Father’s 
Occupation 

Professional 1049  16 27 12 <0.001 

Skilled 4227 65 96 43  

Unskilled 1084 17 78 35  

 Not working 97 2 15 7  

 Not known 56 <1 6 3  

       

First Language Marathi 3344 51 29 13 <0.001 

 Hindi 2457 38 176 79  

 Other 712 6 17 8  

       

 Mean SD Mean  SD p* 

Age (Years) 25.0 4.0 21.2 5.7 <0.001 

*p relates to chi square test for categorical variables and t test for continuous variables. 



 

 



  MMNP (n=6513) Extension Study (n=222) 

  N % N % 

Persons in the 
house 

1-5 3973 61 92 41 

>5 2540 39 130 59 

     

Family type Nuclear 2475 38 174 78 

 Joint 4038 62 48 22 

      

Number of rooms 1 5145 79 172 78 

 >1 1368 21 50 22 

      

Separate kitchen? Yes 1043 16 10 5 

 No 5470 84 212 95 

      

Drinking water 
source 

Piped water 3257 50 26 12 

Public tap 3248 49 10 4.5 

 Tanker 8 <1 10 4.5 

 Bought in bags 0 0 176 79 

      

Household toilet Flush 162 5 19 9 

 Pit 6347 95 190 85.5 

 No facility/Other 4 <1 13 5.5 

      

Cooking fuel LPG 4493 69 43 19 

 Kerosene 1953 31 142 64 

 Other 67 <1 37 17 

      

Own the house Yes 4879 75 153 69 

 No 1634 25 69 31 

      

Own agricultural 
land 

Yes 456 8 80 36 

 No 6057 92 142 64 

      

Own livestock Yes 202 3 24 11 

 No 6311 97 198 89 



 MMNP (n=6513) Extension Study 
(n=222) 

 

 Mean SD Mean  SD p* 

Height (cm) 151.2 5.5 149.5 5.6 <0.001 

Weight (kg) 46.0 40.5-53.0 42.2 8.8 <0.001 

BMI (kg/m
2
) 20.0 17.9-22.9 18.6 16.3-20.7 <0.001 

Head circumference (cm) 52.6 1.5 52.6 1.6 0.679 

Waist circumference (cm) 69.1 63.4-77.0 67.4 9.5 <0.001 

Hip circumference (cm) 88.5 8.6 85.3 7.7 <0.001 

MUAC (cm) 24.0 3.3 23.1 3.1 <0.001 

Triceps skinfold (mm) 13.8 10.1-19.4 10.7 8.3-14.5 <0.001

Biceps skinfold (mm) 6.2 4.4-8.6 5.4 4.2-7.2 <0.001

Subscapular skinfold (mm) 21.6 15.6-29.7 16.4 11.8-22.7 <0.001

*p for difference between means, where variables were not normally distributed natural logs were used. 
Values in italics are median and IQR. 

 



Indicator of 
Nutritional status 

 Percentage of women by survey 

 
MMNP 

(n=6513) 
Extension

Study 
(n=222) 

NFHS 
Mumbai 
slum* 

NFHS 
Mumbai 

Non-slum* 

Body Mass Index <18.5kg/m
2
 32 50 23 21 

 18.5-25kg/m
2
 54 45 52 48 

 >25kg/m
2
 14 5 25 31 

      

Haemoglobin 

Concentration 

<7.0g/dL - 2 1 2 

7.0-9.9g/dL - 15 12 10 

 10.0-11.9g/dL - 47 35 36 

 ≥12.0g/dL - 36 54 52 

*Number of participants was not reported in the NFHS analysis (34) – Non-pregnancy Hb concentrations 

not available. 

 

 



 

 



 

 

 



Food Group                          Percentage of women 

         MMNP (n=1526) Extension Study (n=208) 

 ≤1/wk >1/wk ≥1/d   ≤1/wk >1/wk ≥1/d  

Tea 9 1 90  7 4 89 

Bread 4 4 92  10 18 72 

Rice 1 1 98  1 2 97 

Pulses 2 24 74  9 67 24 

Vegetables (non-GLV) 11 63 26  21 67 12 

GLV 50 47 3  57 42 1 

Fruit 28 52 20  51 42 7 

Milk 67 20 13  84 10 6 

Salad 89 10 1  89 10 1 

Snacks 29 54 17  43 42 15 

Sweet Foods 21 44 35  24 42 34 

Mutton 78 18 4  61 37 2 

Chicken 87 13 0  92 8 0 

Eggs 77 22 1  74 24 2 

Fish 73 26 1  79 21 0 

Nuts 85 13 2  79 18 3 

 



 



Season   Control Intervention  

 N 0 Month  6 Month  δ (6mo – 

0mo)* 

N 0 Month  6 Month  δ(6mo – 

0mo)* 

p** 

Winter 215 4.0 (0.0,12.0) 4.0 (0.0,12.0) 1.1 (11.8) 184 4.0 (0.0,12.0) 8.0 (0.0,16.0) 1.5 (16.8) 0.333 

Pre-monsoon 167 8.0 (4.0,16.0) 8.0 (4.0,12.0) -1.2 (17.5) 150 8.0 (4.0,12.0) 8.0 (0.0,12.0) -2.3 (12.8) 0.920 

Monsoon 260 8.0 (4.0,16.0) 8.0 (4.0,12.0) -1.3 (15.0) 236 4.0 (0.0,12.0) 8.0 (4.0,12.0) 0.1 (16.8) 0.257 

Post-monsoon 170 8.0 (4.0,12.0) 8.0 (0.0,12.0) -3.0 (26.1) 144 8.0 (1.0,16.0) 4.0 (4.0,12.0) -1.6 (16.7) 0.267 

*Mean (SD) **T test for difference in δ between treatment groups 

Season  Control Intervention  

 N 0 Month 6 Month  δ (6mo – 

0mo)* 

N 0 Month 6 Month  δ(6mo – 

0mo)* 

p** 

Winter 215 8.0 (4.0,12.0) 8.0 (4.0,12.0) 0.0 (11.6) 184 8.0 (4.0,12.0) 8.0 (4.0,12.0) -1.2 (10.9) 0.291 

Pre-monsoon 167 8.0 (4.0,12.0) 8.0 (4.0,12.0) -1.1 (11.3) 150 8.0 (4.0,12.0) 8.0 (4.0,12.0) -1.1 (8.0) 0.991 

Monsoon 260 4.0 (0.0,12.0) 8.0 (4.0,12.0) -0.8 (8.5) 236 4.0 (0.0,12.0) 8.0 (4.0,12.0) 1.6 (10.4) 0.365 

Post-monsoon 170 4.0 (4.0,12.0) 8.0 (4.0,12.0) -0.4 (8.4) 144 8.0 (4.0,15.0) 8.0 (4.0,12.0) -0.7 (12.0) 0.757 

*Mean (SD) **T test for difference in δ between treatment groups 



 

Control Intervention  

N Visit 1 Visit 3 
δ(12wk–

0wk)* 
N Visit 1 Visit 3 

δ(12wk–

0wk)* 
p* 

88 
4.0 

(0.0,8.0) 

8.0 

(0.0,21.0) 

6.9 

(22.6) 
82 

4.0 

(2.0,12.0) 

8.0 

(0.0,22.0) 

6.9 

(23.7) 
0.997 

*Mean (SD) **T test for difference in δ between treatment groups 

Control Intervention  

N Visit 1 Visit 3  δ(12wk–

0wk)* 

N Visit 1 Visit 3  δ(12wk–

0wk)* 

p* 

88 
4.0 

(0.0,8.0) 

8.0 

(0.0,12.0) 
3.2 (8.8) 82 

4.0 

(0.0,8.0) 

4.0 

(0.0,10.0) 

1.0 

(12.8) 
0.144 

*Mean (SD) **T test for difference in δ between treatment groups 

 



Nutrient 

Control Intervention 

p* 

n Median (IQR) n Median (IQR) 

Retinol (ng/ml) 189 333 (258,442) 150 313 (244,410) 0.394 

Folate (nmol/L) 688 31.5 (17.3,64.4) 616 28.7 (17.6,63.3) 0.954 

Vitamin B12 (pmol/L) 687 233 (178,298) 616 217 (166,296) 0.061 

*p value relates to t test for difference between means of variables transformed by taking the natural log 

  Deficiency cut off indicating biochemical depletion (300ng/ml).  



                                   Deficiency cut off indicating biochemical depletion (7nmol/L). 

 



 

 Deficiency cut off indicating biochemical depletion (150pmol/L).  



 Control Intervention  

Nutrient N (%) N (%) p* 

Retinol 70 (37) 66 (44) 0.194 

Folate 11 (2) 8 (1) 0.652 

Vitamin B12 102 (15) 107 (17) 0.215 

*p value relates to a Chi square test  

 

 



 Control Intervention p* 

Age (years) 21.1 21.1 0.999 

Anthropometry    

Height (cm) 149.7 149.5 0.750 

Weight (kg) 42.7 41.8 0.477 

BMI (kg/m
2
) 18.7 18.4 0.626 

Head circumference (cm) 52.7 52.6 0.604 

Waist circumference (cm) 68.1 66.9 0.373 

Hip circumference (cm) 85.8 85.2 0.582 

MUAC (cm) 23.3 23.1 0.670 

Triceps skinfold (mm) 11.1 11.1 0.920 

Biceps skinfold (mm) 5.8 5.7 0.773 

Subscapular skinfold (mm) 16.8 16.7 0.872 

    

Demographic    

Persons in household 6.01 6.01 0.998 

Family Income (Rs) 4431 4347 0.802 

    

Baseline blood nutrient concentrations   

Ferritin (ng/ml) 7.6 8.3 0.258 

Haemoglobin (g/dL) 11.3 11.2 0.844 

CRP (ng/ml) 830 737 0.595 

Retinol (ng/ml) 435 414 0.360 

Vitamin C (µmol/L) 14.7 15.9 0.385 

Folate (nmol/L) 14.1 14.4 0.805 

Homocysteine (µmol/L) 12.0 12.0 0.730 

Vitamin B12 (pmol/L) 273 284 0.250 

Β-carotene (nmol/L) 398 414 0.428 

*p value relates to t test for difference between means, where variables were not normally distributed, 
natural log values were used  

 



 



 
   Deficiency cut off indicating retinol deficiency (300ng/ml). 



Median value for women in the UK National Diet and Nutrition Survey 

conducted in the year 2000.  



 
 Deficiency cut off indicating biochemical depletion (7nmol/L).   



 
 Deficiency cut off indicating biochemical depletion (7nmol/L).   



 
 Values above this cut off indicate folate deficiency (20µmol/L).  
  



 
  Values above this cut off indicate folate deficiency (20µmol/L).  



 
 Deficiency cut off indicating biochemical depletion (150pmol/L).  
 

Visit1 

Visit 2 

Visit 3 

 

 



 
 Deficiency cut off indicating biochemical depletion (150pmol/L).  



 
 Deficiency cut off indicating biochemical depletion (11µmol/L)  



 
 Deficiency cut off indicating biochemical depletion (12ng/ml).  



 
Deficiency cut off indicating biochemical depletion (12ng/ml).  



 
 Deficiency cut off indicating iron deficiency anaemia (12g/dL).  

  



 

 
Control Intervention 

RR (95% CI) 

 

 V1 V3 δ V1 V3 δ p 

Retinol (<200ng/ml)* 1 3 2 5 5 0 0.68 (0.16,2.96) 0.610 

Retinol (<300ng/ml)** 18 18 0 22 32 10 0.56 (0.33,0.97) 0.035 

Folate (<6.8nmol/L)* 9 8 -1 8 11 3 0.72 (0.28,1.84) 0.487 

Vitamin B12 

(<150pmol/L)* 
3 6 3 2 5 3 0.51 (0.47,5.91) 0.430 

Vitamin C (<11µmol/L)* 40 36 -4 35 29 -6 1.29 (0.71,1.12) 0.308 

Ferritin (<15ng/ml)* 88 82 -6 79 93 14 0.89 (0.79,0.99) 0.044 

Haemoglobin 

(<12g/dL)* 
61 57 -4 66 61 -5 0.93 (0.72,1.20) 0.406 

Haemoglobin (<8g/dL)* 3 3 0 1 1 0 2.79 (0.30,26.34) 0.742 

*Deficiency cut offs specified by WHO. **Deficiency cut off specified by kit method. V1, visit1. V3, visit 3, 

δ=Visit 3-Visit 1 values. RR, relative risk of deficiency at visit 3 (control=0 vs. intervention=1). CI, 95% 
Confidence Interval 



 Control Intervention RR (95% CI)  

 V1 V3 δ V1 V3 δ p 

Retinol (<200ng/ml)* 1 3 2 1 3 2 0.95 (0.13,6.98) 0.962 

Retinol (<300ng/ml)** 18 15 3 22 30 8 0.41 (0.18,0.99) 0.045 

Ferritin (<15ng/ml)* 89 84 -5 83 94 11 0.34 (0.10,1.13) 0.078 

*Deficiency cut offs specified by WHO. **Deficiency cut off specified by kit method. V1, visit1. V3, visit 3, 

δ=Visit 3- Visit 1 values. RR, relative risk of deficiency at visit 3 (control vs. intervention). CI, 95% 
Confidence Interval 



 Control Intervention RR (95% CI)  

 V1 V3 δ V1 V3 δ p 

Retinol (<200ng/ml)* 1 4 3 1 6 5 0.63 
(0.14,2.94) 

0.561 

Retinol 
(<300ng/ml)** 

19 20 1 22 30 8 0.57 
(0.27,1.21) 

0.147 

Ferritin (<15ng/ml)* 87 84 -3 81 91 10 0.48 
(0.17,1.35) 

0.164 

*Deficiency cut offs specified by WHO. **Deficiency cut off specified by kit method. V1, visit1. V3, visit 3, 
δ=Visit 3- Visit 1 values. RR, relative risk of deficiency at visit 3 (control vs. intervention). CI, 95% 
Confidence Interval 





 Control Intervention   

 N Visit 1 Visit 3 p* δ
c 

N Visit 1 Visit 3 p* δ
i 

p** δ
i
 - δ

c
 (CI) 

Retinol (ng/ml) 83 409 (326,490) 395 (324,476) 0.278 -10 (-91,44) 79 378 (297,484) 358 (291,474) 0.387 -17 (-94,65) 0.829 4 (-34,43) 

Retinol (ng/ml)
†
 65 429 (321,549) 394 (324,470) 0.229 -10 (-77,40) 62 375 (315,484) 372 (291,474) 0.875 -15 (-82,75) 0.464 -14 (-54,24) 

β-carotene (nmol/L) 85 390 (305,470) 440 (340,540) 0.009 40 (-5,115) 80 385 (323,470) 470 (380,610) <0.001 75 (23,158) 0.020 49 (7,90) 

Folate (nmol/L) 80 14.1 (9.0,21.4) 13.1 (9.2,18.4) 0.085 -0.4(-5.5,4.0) 77 13.3 (9.9,19.6) 13.3 (9.2,17.5) 0.105 -0.6 (-3.9,2.4) 0.757 -1.3 (-10.0,7.3) 

Hcy (µmol/L) 80 11.6 (9.5,13.9) 10.4 (8.8,13.4) 0.118 -0.5 (-2.5,0.5) 76 11.3 (8.7,14.6) 10.6 (8.6,13.4) 0.022 -0.3 (-2.8,1.0) 0.738 0.3 (-1.6, 2.3) 

Vitamin B12 (pmol/L) 79 250 (178,351) 255 (187,304) 0.089 -10 (-52,19) 78 290 (228,340) 259 (208,326) 0.103 -17 (-50,24) 0.330 -34 (-103,35) 

Vitamin C (µmol/L) 66 12.5 (8.8,20.3) 14.6 (9.6,27.0) 0.033 1.5 (-2.3,8.3) 70 12.7 (8.6,22.3) 17.0 (9.9,29.5) 0.276 0.6 (-3.7,8.0) 0.652 -1.2 (-6.2,3.9) 

Ferritin (ng/ml) 83 6.4 (4.6,11.0) 6.4 (5.0,11.5) 0.238 0.0 (-1.0,2.5) 77 6.4 (5.0,11.8) 7.6 (5.0,10.7) 0.131 -0.4 (-2.5,1.0) 0.065 -1.5 (-3.1, 0.1) 

Ferritin (ng/ml)
†
 69 6.2 (4.6,11.0) 6.4 (4.8,11.5) 0.387 0.0 (-1.0,2.1) 66 6.4 (5.0,12.0) 7.6 (5.0,11.0) 0.189 -0.3 (-2.6,1.1) 0.173 -1.3 (-0.6,3.1) 

Hb (g/dL) 88 11.4 (10.3,12.5) 11.9 (10.6,12.6) 0.027 0.1 (-0.3,0.8) 82 11.4 (10.5,12.2) 11.7 (10.8,12.3) 0.095 0.1 (-0.3,0.5) 0.638 0.1 (-0.2,0.4) 

δ
c
, change in concentration in control group (visit 3 – visit 1), δ

i
 change in concentration  in intervention group (visit 3 – visit 1). CI, 95% confidence interval. Hcy, homocysteine, 

Hb, haemoglobin.*p relates to the difference in mean values at visit 1 and visit 3. **p relates to independent t-test for difference in the mean δ
i
 and δ

c 
values. 

†
Excluding women 

with CRP>5μg/ml at visit 3. 



 

Micronutrient B 95% Confidence Interval p 

  Lower Upper  

Retinol* (ng/ml) 5.76 -33.14 44.67 0.770 

B-carotene (µmol/L) 0.049 0.010 0.090 0.020 

Folate (nmol/L) -1.39 -9.97 7.18 0.749 

Vitamin B12 (pmol/L) 35.5 -32.78 103.76 0.306 

Vitamin C (µmol/L) -1.18 -6.17 3.81 0.641 

Ferritin* (ng/ml) -1.51 -3.10 0.09 0.064 

*Women with CRP >5μg/ml were excluded from the analysis 

 



 B 95% Confidence Interval p 

  Lower Upper  

Group (0,1)* -6.94 -41.99 28.11 0.696 

Age (years) 3.32 -0.07 6.73 0.055 

BMI (kg/m
2
) 0.55 -4.82 5.93 0.838 

Synthetic Nutrient Intake at 
visit 3** 

37.80 -17.21 92.81 0.177 

Compliance Status
†
 30.35 -61.45 122.16 0.515 

Vitamin A at visit 1 (ng/ml) -0.43 -0.55 -0.31 <0.001 

*Treatment group; Control=0, Intervention=1, **Synthetic nutrient intake; No=0, Yes=1, 
†
Compliance 

status; No=0, Yes=1 

 B 95% Confidence Interval p 

  Lower Upper  

Group (0,1)* 0.047 0.007 0.087 0.020 

Age (years) 0.003 0.000 0.007 0.083 

BMI (kg/m
2
) -0.004 -0.010 0.002 0.170 

Synthetic Nutrient Intake at 
visit 3** 

-0.008 -0.069 0.053 0.795 

Compliance Status
†
 -0.002 -0.027 0.023 0.874 

Β-carotene at visit 1 (natural 
log) 

-0.321 -0.464 -0.179 <0.001 

*Treatment group; Control=0, Intervention=1, **Synthetic nutrient intake; No=0, Yes=1, 
†
Compliance 

status; No=0, Yes=1 



 

 B 95% Confidence Interval p 

  Lower Upper  

Group (0,1)* -2.76 -11.15 5.64 0.517 

Age (years) 0.18 -0.595 0.948 0.652 

BMI (kg/m
2
) -0.73 -1.995 0.546 0.261 

Synthetic Nutrient Intake at 
visit 3** 

12.89 0.10 25.68 0.048 

Compliance Status
†
 -3.74 -22.67 15.17 0.696 

Folate at visit 1 (natural log) -12.63 -19.49 -5.79 <0.001 

*Treatment group; Control=0, Intervention=1, **Synthetic nutrient intake; No=0, Yes=1, 
†
Compliance 

status; No=0, Yes=1 

 B 95% Confidence Interval p 

  Lower Upper  

Group (0,1)* 0.063 -4.194 58.952 0.089 

Age (years) 0.042 -1.339 4.477 0.288 

BMI (kg/m
2
) -0.033 -6.878 2.707 0.391 

Synthetic Nutrient Intake at 
visit 3** 

-0.026 -66.995 31.732 0.481 

Compliance Status
†
 -0.008 -79.669 63.394 0.822 

Vitamin B12 at visit 1 (natural 
log) 

-0.899 -0.853 -0.725 <0.001 

*Treatment group; Control=0, Intervention=1, **Synthetic nutrient intake; No=0, Yes=1, 
†
Compliance 

status; No=0, Yes=1 

 



 B 95% Confidence Interval p 

  Lower Upper  

Group (0,1)* -0.86 -5.69 3.96 0.724 

Age (years) -0.07 -0.51 0.38 0.776 

BMI (kg/m
2
) 0.11 -0.64 0.85 0.774 

Synthetic Nutrient Intake at 
visit 3** 

3.42 -4.07 10.90 0.368 

Compliance Status
†
 -7.54 -17.72 2.64 0.145 

Vitamin C at visit 1 (natural 
log) 

-8.06 -11.88 -4.24 <0.001 

*Treatment group; Control=0, Intervention=1, **Synthetic nutrient intake; No=0, Yes=1, 
†
Compliance 

status; No=0, Yes=1 

 B 95% Confidence Interval p 

  Lower Upper  

Group (0,1)* -1.24 -2.68 0.21 0.094 

CRP at visit 1 (natural log) 0.05 -0.49 0.59 0.854 

Age (years) 0.12 -0.02 0.26 0.082 

BMI (kg/m
2
) -0.10 -0.34 0.13 0.382 

Synthetic Nutrient Intake at 
visit 3** 

1.62 -0.68 3.93 0.166 

Compliance Status
†
 -1.21 -5.31 2.88 0.560 

Ferritin concentration at visit 
1(natural log) 

-4.62 -5.89 -3.35 <0.001 

*Treatment group; Control=0, Intervention=1, **Synthetic nutrient intake; No=0, Yes=1, 
†
Compliance 

status; No=0, Yes=1 



 



 

 

 



 

 



 

 

 





Group N Visit 1 Visit 3 Visit 3 – Visit 1* 

Control 88 21.7 (4.0) 23.2 (4.6) 1.4 (3.0) 

Intervention 82 20.9 (4.3) 22.1 (4.3) 1.8  3.1) 

*T test for difference between groups, p=0.449 



 B 95% Confidence Interval p 

  Lower Upper  

All participants 0.34 -0.55 1.24 0.449 

BMI <18.5kg/m
2 

0.92 -0.18 2.02 0.101 

BMI 18.5-24.9kg/m
2
 -0.37 -1.84 1.10 0.620 

BMI>25.0 kg/m
2
 0.75 -6.05 7.55 0.802 

Treatment group coded as 0=control, 1 = intervention. 

 







 

Group N Visit 1 Visit 3 Visit 3 – Visit 1* 

Control 88 105 (11) 104 (10) -0.9 (10.5) 

Intervention 82 105 (13) 105 (11) -1.5  (13.1) 

*T test for difference between groups, p=0.763 

Group N Visit 1 Visit 3 Visit 3 – Visit 1* 

Control 88 67 (8) 68 (9) 1.5 (9.9) 

Intervention 82 67 (10) 68 (9) 0.1 (10.4) 

*T test for difference between groups, p=0.352 



 Control (n=88) Intervention (n=82)  

 V1 V3  δ V1 V3 δ RR* (CI) 

SBP 120-
139mmHg 

12.5 6.2 -6.3 6.8 9.5 -2.7 
1.04 

(0.95,1.13) 

DBP 80-
89mmHg 

5.3 7.3 5.0 9.3 1.2 -8.1 
0.95 

(0.87,1.04)* 

DBP 
>90mmHg 

10.9 3.1 2.2 0.9 4.8 3.9 

*The relative risk was calculated based on 2 categories of diastolic blood pressure; ≤90mmHg and 

>90mmHg. V1, visit 1. V3, visit 3. δ=Visit 3–Visit 1 values. RR relative risk of hypertension at visit 3 
(control vs. intervention). CI, 95% confidence interval. 

 

Group Visit 1 Visit 3 Visit 3 – Visit 1* 

Control 2.0 (1.0,4.0) 2.0 (1.0,4.0) 0.0 (-2.0,1.0) 

Intervention 2.0 (1.0,4.0) 2.0 (1.0.3.5) 0.0 (-2.0,1.0) 

*T test for difference between groups, p=0.882 

 Control Intervention Control 

 V1 V3  δ V1  V3 δ  RR (CI) 

Caseness* (%) 31 25 -6 29 25 -4 0.99 (0.84,1.18) 

*Caseness is defined as scoring >3 on the GHQ12. V1, visit 1. V3, visit 3. δ=Visit 3 – Visit 1 values. RR 
relative risk of hypertension at visit 3 (control vs. intervention). CI, 95% confidence interval. 



 

 



 

 

 



 



 



 

 



 

 

 



 

 



 



 

 

 









 

 

 



 

 

 





 



 



 





 



 

 



 







 



 



 



 

 

 





 

 



 

 







 



 



 











 



 





Snack & Fruit Pattern Lowest quarter  Highest quarter  

GLV 1.0 (0.0,1.0) 3.0 (1.0,4.0) 

Non GLV vegetables 2.0 (1.0,3.0) 4.0 (6.0,9.0) 

Salad 0.0 (0.0,0.0) 0.0 (0.0,1.0) 

Fruit 1.0 (0.0,2.0) 6.0 (3.0,10.0) 

Savoury snacks 1.0 (0.0,2.0) 6.0 (4.0,9.0) 

Sweet snacks 2.0 (1.0,4.0) 7.0 (4.0,11.0) 

Non-vegetarian Pattern   

Mutton 0.0 (0.0,0.0) 2.0 (0.0,4.0) 

Chicken 0.0 (0.0,0.0) 1.0 (0.0,2.0) 

Eggs 0.0 (0.0,0.0) 1.0 (1.0,3.0) 

Pulse & Rice Pattern   

Bread 14.0 (7.0,15.0) 14.0 (9.0,17.0) 

Rice  14.0 (8.0,15.0) 15.0 (14.0,17.0) 

Pulses & legumes 6.0 (4.0,9.0) 15.0 (11.0,18.0) 

Milk & curd 2.0 (0.0,7.0) 0.0 (0.0,1.0) 

Tea 7.0 (3.0,14.0) 14.0 (14.0,15.5) 

Snack & Fruit Pattern Lowest quarter  Highest quarter  

Legume curry 1.0 (0.0,2.0) 3.0 (1.0,4.0) 

GLV curry 1.0 (0.0,1.0) 2.0 (1.0,4.0) 

Non GLV vegetables 0.0 (0.0,1.0) 1.0 (0.0,2.0) 

Potato curry 1.0 (1.0,2.0) 3.0 (2.0,5.0) 

Citrus fruit 0.0 (0.0,0.0) 0.0 (0.0,1.0) 

Non-citrus fruit 1.0 (0.0,1.0) 3.0 (2.0,6.0) 

Fried snacks 0.0 (0.0,1.0) 3.0 (1.0,4.0) 

Non-fried snacks 0.0 (0.0,0.0) 1.0 (0.0,2.0) 

Desserts 0.0 (0.0,1.0) 2.0 (1.0,3.0) 

Non-vegetarian Pattern   

Biriyani 0.0 (0.0,0.0) 0.0 (0.0,1.0) 

Legume curry 3.0 (2.0,4.0) 0.0 (0.0,2.0) 

Coconut 7.0 (7.0,7.0) 0.0 (0.0,1.0) 

Mutton 0.0 (0.0,0.0) 2.0 (1.0,4.0) 

Fish & Coconut Pattern   

Plain rice 14.0 (7.0,14.0) 14.0 (14.0,14.0) 

Coconut  0.0 (0.0,1.0) 7.0 (2.0,7.0) 

Fish & seafood dishes 0.0 (0.0,0.0) 1.0 (0.0,2.0) 

Fish curry 0.0 (0.0,0.0) 0.0 (0.0,1.0) 

*Values are median (IQR).The Wilcoxon rank-sum test showed a trend across 
quarters for all foods (p<0.001) 



 Snack & Fruit Pattern (SD)  Non-vegetarian Pattern (SD)  Pulse & Rice Pattern (SD) 

  95% CI    95% CI    95% CI  

 B Lower Upper p  B Lower Upper p  B Lower Upper p 

BMI (kg/m
2
) 0.01 0.00 0.01 0.004  0.01 0.00 0.01 <0.001  -0.00 -0.01 0.00 0.118 

Triceps SF (mm) 0.03 0.02 0.04 <0.001  0.03 0.02 0.04 <0.001  -0.01 -0.02 0.00 0.049 

Biceps SF (mm) 0.02 0.01 0.03 <0.001  0.03 0.02 0.04 <0.001  -0.01 -0.02 0.00 0.067 

SS SF (mm) 0.02 0.01 0.03 <0.001  0.02 0.01 0.03 0.001  -0.01 -0.02 0.00 0.138 

SS, subscapular. SF, skinfold 

 Snack & Fruit Pattern   Non-vegetarian Pattern   Pulse & Rice Pattern  

 Q1 Q2 Q3 Q4  Q1 Q2 Q3 Q4  Q1 Q2 Q3 Q4 

BMI 
(kg/m

2
) 

19.8 
(17.8,22.7) 

20.0 
(17.8,22.9) 

20.1 
(18.0,23.0) 

20.3 
(18.0,23.1) 

 
20.1 

(17.9,23.1) 
19.8 

(17.7,22.5) 
20.1 

(17.9,22.9) 
20.3 

(18.1,23.3) 
 

20.1 
(17.9,23.1) 

20.1 
(18.1,22.9) 

20.1 
(17.8,22.9) 

19.9 
(17.9,22.9) 

Triceps 
SF (mm) 

13.3 
(9.5,18.3) 

13.7 
(9.9,19.4) 

13.8 
(10.1,19.1) 

14.5 
(10.3,20.4) 

 
13.6 

(9.9,19.4) 
13.3 

(9.6,18.4) 
13.5 

(10.0,19.2) 
14.4 

(10.3,20.3) 
 

13.7 
(10.1,19.9) 

13.8 
(10.1,19.2) 

13.7 
(10.0,19.1) 

13.5 
(9.7,19.4) 

Biceps 
SF (mm) 

6.1 
(4.4,8.3) 

6.1 
(4.4,8.7) 

6.2 
(4.4,8.4) 

6.4 
(4.5,9.3) 

 
6.2 

(4.3,8.5) 
6.1 

(4.4,8.3) 
6.2 

(4.5,8.5) 
6.4 

(4.5,9.2) 
 

6.2 
(4.5,8.8) 

6.2 
(4.5,8.6) 

6.2 
(4.4,8.5) 

6.2 
(4.3,8.5) 

SS SF 
(mm) 

21.3 
(15.3,28.5) 

21.6 
(15.5,29.5) 

21.3 
(15.4,29.2) 

22.2 
(15.9,31.0) 

 
21.4 

(15.5,29.4) 
21.1 

(15.2,28.5) 
21.6 

(15.6,29.1) 
22.2 

(15.6,30.6) 
 

21.7 
(15.6,29.7) 

21.4 
(15.9,28.8) 

21.6 
(15.1,29.6) 

21.5 
(15.3,29.8) 

 



 Snack & Fruit Pattern (SD)  Non-vegetarian Pattern (SD)  Fish & Coconut Pattern (SD) 

  95% CI    95% CI    95% CI  

 B Lower Upper p  B Lower Upper p  B Lower Upper p 

BMI (kg/m
2
) 0.01 0.00 0.01 0.001  0.02 0.01 0.02 <0.001  -0.00 -0.01 0.00 0.223 

Triceps SF (mm) 0.04 0.03 0.05 <0.001  0.05 0.04 0.06 <0.001  0.00 -0.01 0.02 0.443 

Biceps SF (mm) 0.03 0.01 0.04 <0.001  0.05 0.04 0.06 <0.001  0.01 -0.01 0.02 0.318 

SS SF (mm) 0.02 0.01 0.03 <0.001  0.03 0.02 0.04 <0.001  0.01 -0.01 0.02 0.297 

SS, subscapular. SF, skinfold

 Snack & Fruit Pattern   Non-vegetarian Pattern   Fish & Coconut Pattern 

 Q1 Q2 Q3 Q4  Q1 Q2 Q3 Q4  Q1 Q2 Q3 Q4 

BMI 
(kg/m

2
) 

19.8 
(17.8,22.8) 

20.0 
(17.8,22.9) 

20.0 
(18.0,23.0) 

20.3 
(18.0,23.1) 

 
19.8 

(17.9,22.8) 
19.9 

(17.8,22.7) 
20.1 

(17.9,22.9) 
20.5 

(18.1,23.6) 
 

20.1 
(17.9,23.0) 

20.0 
(17.9,22.9) 

20.0 
(18.0,22.9) 

20.1 
(17.8,22.9) 

Triceps 
SF (mm) 

13.3 
(9.5,18.3) 

13.7 
(9.9,19.4) 

13.8 
(10.1,19.1) 

14.5 
(10.3,20.4) 

 
13.4 

(9.6,18.7) 
13.4 

(9.8,18.5) 
13.5 

(9.9,18.8) 
14.6 

(10.5,20.7) 
 

13.6 
(10.0,19.4) 

13.5 
(10.1,19.1) 

13.8 
(10.0,19.3) 

14.1 
(9.9,19.6) 

Biceps 
SF (mm) 

6.1 
(4.4,8.3) 

6.1 
(4.4,8.7) 

6.2 
(4.4,8.4) 

6.4 
(4.5,9.3) 

 
6.1 

(4.3,8.3) 
6.1 

(4.4,8.3) 
6.2 

(4.4,8.6) 
6.5 

(4.6,9.4) 
 

6.1 
(4.4,8.7) 

6.3 
(4.5,8.5) 

6.2 
(4.5,8.5) 

6.3 
(4.4,8.7) 

SS SF 
(mm) 

21.3 
(15.3,28.5) 

21.6 
(15.5,29.5) 

21.3 
(15.4,29.2) 

22.2 
(15.9,31.0) 

 
21.2 

(15.2,29.2) 
21.3 

(15.4,28.5) 
21.6 

(15.4,28.7) 
22.4 

(16.1,32.0) 
 

21.4 
(15.6,29.1) 

21.4 
(15.4,28.8) 

21.8 
(15.3,29.7) 

21.7 
(15.6,30.1) 



 Snack & Fruit Pattern (SD)  Non-vegetarian Pattern (SD)  Pulse & Rice Pattern (SD) 

  95% CI    95% CI    95% CI  

 B Lower Upper p  B Lower Upper p  B Lower Upper p 

Age (years) 0.01 0.00 0.02 0.004  -0.02 -0.03 -0.02 <0.001  0.02 0.01 0.03 <0.001 

Religion (Hindu=0, 
Muslim=1) 

-0.02 -0.08 0.03 0.456  1.10 1.05 1.15 <0.001  -0.28 -0.34 -0.23 <0.001 

Education* 0.18 0.14 0.23 <0.001  -0.14 -0.18 -0.10 <0.001  0.02 -0.02 0.06 0.408 

Husband’s 
Education*  

0.20 0.15 0.24 <0.001  -0.31 -0.36 -0.27 0.001  0.01 -0.03 0.06 0.631 

Occupation** 0.21 0.15 0.27 <0.001  -0.08 -0.14 0.03 0.005  -0.09 -0.16 -0.03 0.003 

Husband’s 
Occupation** 

0.14 0.10 0.17 <0.001  -0.09 -0.13 -0.05 <0.001  -0.03 -0.07 0.00 0.092 

SLI score 0.03 0.02 0.03 <0.001  -0.01 -0.02 -0.01 <0.001  0.01 0.01 0.02 <0.001 

*Duration of formal education, 1=<5y, 2=5-10y, 3=>10y; **Occupation in 4 categories, 1=unskilled, 2=semi-skilled, 3=skilled, 4=professional 



 Snack & Fruit Pattern (SD)  Non-vegetarian Pattern (SD)  Fish & Coconut  Pattern (SD) 

  95% CI    95% CI    95% CI  

 B Lower Upper p  B Lower Upper p  B Lower Upper p 

Age (years) 0.01 0.00 0.01 0.019  -0.04 -0.04 -0.03 <0.001  0.01 -0.05 0.06 0.847 

Religion (Hindu=0, 
Muslim=1) 

-0.03 -0.09 0.02 0.248  1.47 1.42 1.51 <0.001  -0.28 -0.34 -0.23 <0.001 

Education* 0.22 0.17 0.26 <0.001  -0.24 -0.29 -0.20 <0.001  0.17 0.12 0.21 <0.001 

Husband’s 
Education*  

0.22 0.17 0.26 <0.001  -0.38 -0.42 -0.34 <0.001  0.02 -0.03 0.06 0.458 

Occupation** 0.25 0.19 0.31 <0.001  -0.05 -0.11 0.01 0.095  0.01 -0.05 0.08 0.672 

Husband’s 
Occupation** 

0.14 0.11 0.18 <0.001  -0.06 -0.10 -0.03 0.001  -0.02 -0.06 0.02 0.324 

SLI score 0.03 0.03 0.03 <0.001  -0.02 -0.03 -0.02 <0.001  0.02 0.01 0.02 <0.001 

*Duration of formal education, 1=<5y, 2=5-10y, 3=>10y; **Occupation in 4 categories, 1=unskilled, 2=semi-skilled, 3=skilled, 4=professional 



 Snack & Fruit Pattern (SD)  Non-vegetarian Pattern (SD)  Pulse & Rice Pattern (SD) 

  95% CI    95% CI    95% CI  

 B Lower Upper p  B Lower Upper p  B Lower Upper p 

Age (years) -0.00 -0.02 0.01 0.897  -0.02 -0.03 -0.00 0.027  0.02 0.01 0.04 0.002 

Religion (Hindu=0, 
Muslim=1) 

- - - -  1.08 0.95 1.21 <0.001  -0.15 -0.29 -0.00 0.046 

Education* 0.05 -0.06 0.17 0.379  -0.09 -0.19 0.02 0.100  - - - - 

Husband’s 
Education*  

0.05 -0.07 0.17 0.430  -0.00 -0.11 0.11 0.985  - - - - 

Occupation** 0.10 0.03 0.18 0.009  0.03 -0.04 0.10 0.371  -0.13 -0.20 -0.05 0.001 

Husband’s 
Occupation** 

0.06 -0.03 0.15 0.201  -0.13 -0.21 -0.05 0.002  -0.02 -0.11 0.07 0.681 

SLI score 0.02 0.01 0.03 0.005  0.00 -0.01 0.01 0.799  0.00 -0.01 0.01 0.409 

*Duration of formal education, 1=<5y, 2=5-10y, 3=>10y; **Occupation in 4 categories, 1=unskilled, 2=semi-skilled, 3=skilled, 4=professional; - not included in model 



 Snack & Fruit Pattern (SD)  Non-vegetarian Pattern (SD)  Fish & Coconut Pattern (SD) 

  95% CI    95% CI    95% CI  

 B Lower Upper p  B Lower Upper p  B Lower Upper p 

Age (years) 0.00 -0.01 0.02 0.854  -0.02 -0.02 -0.01 <0.001  - - - - 

Religion (Hindu=0, 
Muslim=1) 

- - - -  1.37 1.33 1.42 <0.001  0.05 -0.01 0.10 0.114 

Education* 0.08 -0.03 0.20 0.151  -0.06 -0.10 -0.02 0.004  0.11 0.06 0.16 <0.001 

Husband’s 
Education*  

0.09 -0.03 0.21 0.159  -0.02 -0.07 0.02 0.282  - - - - 

Occupation** 0.12 0.05 0.20 0.001  - - - -  - - - - 

Husband’s 
Occupation** 

0.04 -0.05 0.13 0.379  0.01 -0.03 0.04 0.644  - - - - 

SLI score 0.02 0.01 0.03 0.003  -0.01 -0.01 -0.00 0.004  0.01 0.01 0.02 <0.001 

*Duration of formal education, 1=<5y, 2=5-10y, 3=>10y; **Occupation in 4 categories, 1=unskilled, 2=semi-skilled, 3=skilled, 4=professional; - not included in model 



 



 







 

 



 

 



 





 



 



 





 



 



 

 



 

Source: FRS/ USDA monitor data; compiled July 2011 



 

*Food prices were obtained from Quality Food Centers supermarket, Seattle, winter 2003. (334). 

 



 



 





 









 

*Oxalate results are presented on a dry matter basis as means ± standard error. ND = Not detected 

 

 

 

GLV Soluble oxalate 
mg/100g 
(% of total oxalate)* 

Total Polyphenol 
mg/kg 

Curry Leaves 
 

ND 41000 

Onion Stalk 
 

ND 9040 

Colocasia 
 

1294.02 ± 21.36 
(25.2%) 

10300 

Red amaranth 
 

3558.03 ± 80.61 
(43.9%) 

16500 

Green amaranth 4674.65 ± 92.8 
(46.5%) 

15900 

Fenugreek 
 

ND 15500 

Coriander 
 

ND 25900 

Spinach 
 

11899.83 ± 181.21 
(94.6%) 

8510 

Drumstick 
 

ND 17800 

Shepu 
 

ND 26200 

Radish Leaves ND 10900 



Ranking of GLV dehydrated powders by nutrient and anti-nutrient content. Lowest scores reflect the greatest nutrient content and the smallest 
anti-nutrient content 

  

Dehydrated GLV 
powder 

Ca Fe  Mg  Zn  B12  B2  Bcarot  RE  Vit C FA  Oxalate Poly-
phenol 

Total 
Score 

(minerals)* 

Total Score 
(minerals and 

vitamins) 
Curry leaves 2 10 6 7 4 11 10 11 7 10 - 11 36 89 

Spinach 11 11 3 2 8 4 5 6 10 9 11 1 39 81 

Shepu 8 4 7 6 6 9 8 9 3 4 - 10 35 74 

Onion Stalk 7 6 9 10 1 8 7 8 6 7 - 2 34 71 

Drumstick 1 7 5 9 7 5 9 10 2 8 - 8 30 71 

Coriander 10 3 10 4 2 6 11 5 4 5 - 9 36 69 

Colocasia 6 9 8 6 10 2 1 1 9 6 8 3 40 69 

Green Amaranth 4 5 1 5 9 10 2 2 11 2 10 6 31 67 

Fenugreek 9 2 11 8 7 1 6 7 1 4 - 5 35 61 

Purple Amaranth 3 1 2 3 5 7 4 4 8 1 9 7 25 54 

Radish Leaf 5 8 4 1 3 3 3 3 5 3 - 4 22 42 

*Total Score (minerals) incorporates the rankings for Ca, Fe, Mg and Zn, NOT the vitamins because the anti-nutrients affect bio-availability of minerals 

 
If the results are interpreted including all of the nutrients in the table, curry leaves and spinach have the lowest content of bio-
available nutrients and radish leaves and purple amaranth have the highest.  
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http://mohfw.nic.in/np2002.htm


http://www.un.org/millenniumgoals/poverty.shtml
http://www.unscn.org/files/Statements/2010_SCN_MDG_Statement_160910_final.pdf
http://www.unscn.org/files/Statements/2010_SCN_MDG_Statement_160910_final.pdf
















http://www/
http://www.food.gov.uk/science/dietarysurveys/ndnsdocuments/






















http://www.who.int/nutrition/publications/micronutrients/weekly_iron_folicacid.pdf
http://www.who.int/nutrition/publications/micronutrients/weekly_iron_folicacid.pdf











