Evidence Table 8. Studies associating cognitive & neurological development with malnourished patients compared to well-nourished control subjects in developing countries 

Part I

	Author,

Year
	Demographics
	Maternal / household demographics
	Inclusion

 criteria
	Exclusion

 criteria
	Definition

of malnutrition
	Study

design

	
	
	
	
	
	
	

	Bartel,

1978,

1979

78180773
79162492
	Country: South Africa

Setting: Outpatient

Age: ND

Wt/age: ND

Ht/length: ND


Enrolled*
Eval*
Race

Gp
31/30
31/30
Black

Ctrll1
31/30
31/30
Black

Ctrll2
31/30
31/30
Black

Ctrll3†
NA/90
NA/90
White

% Male: ND

* Bartel 1978 / Bartel 1979

† reported in Bartel 1979
	ND
	Bk 6 – 12 yr olds hospitalized during first 27 months of life for kwashiorkor, 5 – 10 yrs prior to commencement of study 

Controls close in age, no hx of PCM:

 Ctrl1-Siblings close in age

Ctrl2-Yardmates of cases

Ctrl3-High SES Whites
	Neurological involvement, brain damage, fits, birth trauma, hospital coma, hypoglycemia
	Wellcome criteria for kwashiorkor: <3rd percentile, edematous, and dermatitis and/or nutritional hair changes
	Ambidirectional longitudinal

Assessment at 4 – 12 y after hospitalization

	
	
	
	
	
	
	

	Evans,

1980

81008912
	Country: South Africa

Setting: Outpatient clinic

Wt/age: See Cognitive development 
measures column

Ht/length: See Cognitive development 
measures column



Gp1
Ctrl1
Gp2
Ctrl2

Mean
8.9
10.7
13
12

 age(SD)
(0.5)
(1.0)
(1.9)
(2.1)

Enrolled 
14
14
14
14

Evaluated
14
13
14
13

% Male
64
54
100
77

Race: “Cape coloured”
	ND
	Gp1 – newborns of families with hx of undernutrition

Ctrl1 – siblings with hx of undernourishment, record of `< 3rd percentile for ht & wt

Gp2 – at least 1 hospitalization for kwashiorkor

Ctrl2 – siblings closet in age Gp2 w/no hx of kwashiorkor but underweight
	ND
	ND
	Prospective longitudinal

Fwup 6 ½ y after intervention

	
	
	
	
	
	
	

	Galler, 1983a,

1985b

83136873

85241833
	Country: Barbados

Setting: Outpatient

Age(y):
5-11 (1983)


9-15 (1985)



Gp
Ctrl
Wt/age
ND
ND

Ht/length
ND
ND

Enrolled
141
129

Eval 1983a
129
129


1985b
109
107

% Male 1983a
60
ND


1985b
58
60

Race: 100% Black
	Maternal educ: Universal education, 95%  population literate

Income: lower for cases compared to Ctrl

Health insur: ND
	5 –  11 yr olds with hx at age 1 yr of hospitalization for PEM Grade II-III, BW > 5 lbs

Controls without PEM, matched for age, gender, handedness, & same school / neighborhood
	Pre- or peri-natal complications, edema, seizures, head trauma, loss of consciousness, high fever
	Gomez Scale PEM: Grade II- 61-75% or Grade III- ( 60% standard wt for age on Harvard Standard Scale
	Ambidirectional longitudinal

Fwup 4 – 10 y after D/C



	
	
	
	
	
	
	

	Grantham-McGregor, 1987, 1978, 1980, 1982,

1983

87117313

79086701

81051042
82236679

83246270
	Country: Jamaica

Setting-Recruitment: hospital


Follow-up: hospital & home


Gp1*
Gp2†
Ctrl†
Age(m)
12.8
13.4
12.2


(2.9)
(4.5)
(4.4)

Ht/age‡
89.0
88.4
101.3


(4.5)
(4.4)
(3.5)

HC/age‡
91.3
91.2
99.0


(3.7
(3.3)
(3.8)

Wt/ht‡
74.9
72.4
89.0


(9.2)
(10.2)
(10.1)

Enrolled
21
18
21

Evaluated
18
16
20

% Male
67
38
60

Race: ND, assumed Black

Mean (SD) for evaluated cases;

* Intervention, † Standard care, ‡ % of expected value
	Maternal educ: HS not completed

Income: housing ‘below certain defined standards’

Health insur: ND


Maternal


PPVT

Gp1
62.3(14.7)

Gp2
59.7(15)

Ctrl
67.4(9.3)
	PEM, age 6 – 24 mo, attempt for SES of mothers who had not completed secondary education, substandard housing, residence in city of Kingston

Controls, included above criteria but adequately nourished, hospitalized with diseases other than malnutrition
	Physical handicap, disease that might affect mental development (other than malnutrition)
	Severe PEM based on Wellcome classification
	Prospective longitudinal

6 fwups from 6 to 72 m after D/C



	
	
	
	
	
	
	

	Agarwal,

1992

92372206
	Country: India

Setting: Outpatient
Age: NA

Wt/age: ND


Ht/age: ND

Enrolled: 650


GpI*
Gp2†
Ctrl
Evaluated:
245
324
64

% Male: ND

Race: ND (assumed Indians)

* Grade I, † Grade II/III
	Maternal educ: < 4% > grade school, 31.9% overall women’s literacy

Income: 40% household per capita < Rs.60 p.m.

Health insur: ND
	Newborns between 11/1981 – 31983; see Definition of malnutrition

Controls > 80% of 50th % wt for age,
	ND
	Malnutrition based on NCHS 50th centile wt for age as reference pt: wt ( 80% of 50th% = normal, Grade I < 80-70%, Grade II < 70-60%, Grade III < 60%
	Prospective


longitudinal

Assessments at age 18, 24, 30, 36 m

	
	
	
	
	
	
	

	Drewett,

2001

21174599
	Country: Ethiopia

Setting: Outpatient


Gp1*
Gp2†
Ctrl

Age‡
ND
ND
ND

Wt§
♀
8.3(1.6)
8.9(1.0)
10.4(1.0)


 ♂
8.5(1.1)
9.4(1.0)
10.6(1.1)

Lngth§♀
72.6
75.2
79.6


(5.0)
(4.4)
(3.2)


♂
74.9
76.2
80.4


(2.5)
(3.6)
(3.9)

Enrolled
27
70
100

Evaluated
27
70
100

% Male
33
70
55

Race: ND

* Early growth faltering, † Late growth faltering, ‡ criteria < 16 d, § age 2 y, (SD), wt in kg, length in cm
	
Maternal
In-
Health


educ*
 come† insur

Gp1
37
37
ND

Gp2
51
41
ND

Ctrl
41
35
ND

* % > 3 y, † % > 2 key possessions
	All subjects: < 2 y on Nov 1, 1994, recorded initial (< 16 d) wt ( 2500 g, recorded 7th visit (alive at 1 yr)

Gp1: wt < 3rd centile at visits 2 or 3(2 & 4 mo)

Gp2: wt < 3rd centile at visits 6 or 7(10 & 12 mo), & not visits 2 or 3

Control: wt ( 3rd centile at visit 2, 3, 6, & 7
	ND
	Centiles based on NCHS
	Ambidirectional longitudinal

Assessment at age 2 y (22-24 m)

See Comments section


	Author,

Year
	Development

measures
	Instrument
	Associations found

	
	
	
	

	Bartel,

1978, 1979

78180773
79162492
	Psychomotor development


Gp
Ctrl1
Ctrl2

   Motor development
80.73
91.16
82.55

(23.19)
(28.03)
(23.70)
	LOMDS
	There were no significant difference (F=1.50) between the children with history of kwashiorkor, siblings, & yardmates on motor skills except for intergroup comparisons for 2 of 93 items tested of LOMDS. The groups did not differ significantly on grip strength (F=1.45) or finger tapping tests (F=1.43).

	
	   Grip strength*
14.80
16.59
15.15


(5.24)
(6.22)
(5.41)
	Smedley hand dynamometer
	

	
	   Finger-tapping /
34.47
37.25
35.21

     fine motor speed*
(6.35)
(8.22)
(5.17)

Mean(SD), * Dominant hand scores
	Reitan Indiana & Halstead neuropsychological test batteries
	

	
	
	
	

	Evans,

1980

81008912
	
Gp1
Ctrl1
Gp2
Ctrl2

Full scale
82.0
71.9
70.0
72.0


(13.0)
(12.5)
(13.5)
(14.6)

Verbal
81.3
70.6
74.3
75.0

(13.0)
(13.3)
(16.1)
(17.3)

Performance
86.3
80.5
71.3
74.4


(10.4)
(11.2)
(8.8)
(9.2)

mean(SD)
	New S. African Individual Intelligence scale

Bender-Gestalt test/Koppitz scoring
	6-7 years after early infant supplements, the Gp1 full scale intelligence score was significantly higher than Ctrl1 (older siblings), p < .05; or Gp2 (kwashiorkor), p < .01; or Ctrl2 (siblings of kwashiorkor), p < .05. There were higher trends for verbal & performance scores with Gp1 verbal score higher than Ctrl1, p < 05; and Gp 1 higher than Gp2, p < .05; or Ctrl2, p < .01. Bender-Gestalt test reported NS findings.

	
	
	
	

	Galler, 1983a,

1985b

83136873

85241833
	
Gp♂
Ctrl♂
Gp ♀
Ctrl♀

Full scale IQ
91.3
100.1
90.5
107.7


(14.3)
(13.0)
(16.7)
(12.1)
	WISC
	1983 - From ages 5-11, the index group scored significantly lower than the controls by sex, p < .05; the mean score for the index group was 12 points lower than the controls. There was no effect on Full IQ by sex, age, or SES.

1985 - At ages 9-14The index group had statistically significant deficits in fine motor coordination of the dominant hand compared to controls (F = 2.85 , p < .05) with significant effect by age (F = 6.3, p < .001).

	
	Motor coordination deficiency –

 
8-10 yr
11-13 yr
14-15 yr
   Dominant hand performance


Gp
11.24(2.22)
13.1(2.38)
12.81(2.07)


Ctrl
12.41(0.94)
13.53(1.72)
12.73(2.02)

   Assembly tests


Gp
23.94(4.08)
29.40(4.51)
30.27(5.66)


Ctrl
23.00(4.21)
26.77(6.00)
29.81(7.21)
	Purdue pegboard tasks, Neuman-Keuls
	

	
	
	
	

	Grantham-McGregor, 1987, 1978, 1980, 1982, 1983

87117313

79086701

81051042
82236679

83246270
	
Gp1
Gp2
Ctrl

DQ at D/C
86(12.7)
77(12.0)
98(14.8)

DQ at 6 m
96(11.3)
82(12.1)
105(11.2)
DQ at 60 m
86.1(8.2)
78.1(9.7)
93.2(11.2)
	Griffith’s Mental Development Scales for Babies and Young Children including subscales – hand & eye coord, hearing & speech, performance, practical reasoning, & locomotor
	Development assessment taken at D/C, 6, 12, 18, 24 months, and annual thereafter showed consistently the nonintervention group (Gp2) was significantly behind the control group with intervention group (Gp1) scoring higher than the nonintervention group, but still behind the control group. At 6 months, the Gp1 was significantly behind the Gp2, (F = 4.43, p < 0001), but NS vs. Ctrl (F = 1.85). Gp2 was significantly behind the Ctrl (F = 5.83, p < .0001). PPVT at 36 months, showed effect by group, p < .005. At 60 months after D/C, (2 yr post intervention) both Gp1 & Gp2 were statistically behind the control group, p < 0.01. At 60 months, the results of Stanford-Binet Test showed that the “relative positions of groups maintained”.

	
	PPVT at 36 m
26.9(10.6)
18.3(7.5)
26.2(12.2)
	Peabody Picture Vocabulary Test
	

	
	IQ at 60 m
71.5(8.7)
63.3(7.8)
75.2(10.5)
	Stanford-Binet Test
	

	
	
	
	

	Agarwal,

1992

92372206
	
Gp1
Gp2
Ctrl
Cognitive
91.9(8.6)
86.8(7.7)
95.5(7.9)

Motor coordination
1.13(.22)
0.97(.27)
1.16(.19)

Language
0.85(.14)
0.78(.11)
0.90(.14)

Concept formation
1.32(.43)
1.07(.54)
1.38(.37)

Reasoning
1.15(.79)
0.75(.79)
1.43(.89)
	Binet Kulshrestha Intelligence Scale

Developmental Quotient calculated for Binet Kulshrestha intelligence subsets

Caldwell Inventory
	At 36 month assessment, there were differences in scores between the normal, Grade I, and Grade II/III for cognitive (F = 13.27, p < .001) & language (F = 9.308, p < .001) development, motor coordination (F = 10.52, p < .001), concept formation (F = 6.235, p < .01), and reasoning (F = 7.774, p < .001). The mean scores decreased with increasing degrees of malnutrition. Home environment was most important variable in predicting IQ, accounting for 26.22% of total variance in IQ, p < .001

	
	
	
	

	Drewett,

2001

21174599
	
Gp1
Gp2
Ctrl
Psychomotor
6.6*(4.2)
8.5*(4.3)
10.2(3.7)

Mental
22.6(6.2)
26.6(6.1)
28.9(5.8)

Initial wt (g)
2819(323)
3141(351)
3368(430)

* Gp1 n= 25, Gp2 n=66
	Bayley PDI & MDI – nonstandard scoring based on number of items passed
	Group status was correlated to psychomotor development (F = 9.3, p < .001; Gp1&Gp2 vs. Ctrl, t = 3.8, p < .001; Gp1 vs .Gp2, t = 2.0, p < .05) with early growth faltering group scoring lower than the late growth faltering group who in turn scored lower than the controls. Similar pattern for mental development scores (Group effect, F = 12.7, p < .001; Gp1 vs. Gp2, t = 4.0, p < .01; Gp1 vs. Gp2, t = 3.0, p < .01). Child’s wt at 2 years was related to both scores (PDI: r = .53, MDI: r = .49, p < .001), & maternal education related to mental development (MDI: t = 2.1, p < .05). No relationship between households with greater than 2 key possessions and psychomotor &mental scores. The difference in initial weights of the 3 groups were statistically significant (F = 21.4, p < .01).


	uthor,

Year
	Potential biases
	Comments

	
	
	

	Bartel, 1978, 1979

78180773
79162492
	No data on difference of number of children between two reports
	Single tester blinded to child’s group assignment for Bartel 1978; partially funded by African Medical Research Council

	
	
	

	Evans, 1980

81008912
	1 child died in each of the controls, sex unkn
	Gp1 received supplements until mean 28 months, one examiner blinded to subject’s group status, testing 6-7 years after cessation of supplements; US government & South African Medical Research Council

	
	
	

	Galler, 1983a, 1985b

83136873

85241833
	Withdraws/non-participation – 4 refused consent, 7 LTF, 1 cerebral palsy; Severe PEM
	Relevant WISC subtests utilized & some items altered for cultural setting; findings of dominant hand performance of fine motor skill tasks deficient in formerly malnourished children correlates or co-varies with IQ & other soft neurologic signs; private & hospital funded

	
	
	

	Grantham-McGregor, 1987,

1978, 1980, 1982, 1983

87117313

79086701

81051042
82236679

83246270
	Controls had better housing than other 2 groups in spite of attempts to match; 2 died & 1 WD from intervention group, 1 from nonintervention moved & 1 was adopted by middle-class family, 1 from control WD; 10 of 21 Gp1 had edema, 4 of 18 in Gp2, & none in the control group


	Tester blinded to subjects’ group, controls hospitalized mainly for gastroenteritis & respiratory infections; government & private funding

	
	
	

	Agarwal, 1992

92372206
	ND on 17 of 650 in cohort; 5.5% of population were normal for growth at 24 months corresponding to 5.9% for 1989-90.
	Funded by Indian Council of Medical Research

	
	
	

	Drewett,

2001

21174599
	Initial weight a proxy for birth weight as most births at home; 27 of 40 early wt faltering group recruited & tested; significant higher proportion of males in Gp2 vs. Gp1, (2 = 5.56, p < .05; 6 cases (Gp1-2 & Gp2-4) with lower limb disabilities could not participate in psychomotor test
	Sample subset of Jimma Birth Cohort study; Gp2 & Controls selected at random from sampling frame; systematic method for selection of broad comparisons for Control group; testers blinded to child’s status; Private & hospital funded









