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The Relationship Between Global Acute Malnutrition and Under 5 Mortality Rates using Small Scale Surveys from Kenya, Somalia, Sudan, Ethiopia, and Uganda

Objective:  To explore the relationship between global acute malnutrition (GAM) and under 5 mortality rates in small scale surveys from Kenya, Somalia, Sudan, Ethiopia, and Uganda.  The purpose of this analysis is to establish trends this relationship for use as a reference in further analysis and interpretation of GAM and under 5 mortality rates for surveys in this region.  This initial report will examine the relationship between AVEGAM and U5MR by country and IDP camp status.  Analysis of this relationship by year and seasonality will be presented in a later report.   

1.)
Association Between AVEGAM and U5MR by Region

A.
Ethiopia vs. Non-Ethiopian Countries

Due to the relatively large sample size of Ethiopia (n=299) in comparison to the sample sizes of the other countries Ethiopia is initially analyzed separately.  There is a clear difference between overall GAM prevalence (AVEGAM) and U5 mortality (U5MR) between Ethiopia and the non-Ethiopian countries (Kenya, Sudan, Somalia, and Uganda).   In table 1 the mean GAM prevalence and mean U5 mortality rates are presented for GAM prevalence data matched to corresponding under 5 mortality rates because U5MR data was not available for all of the surveys in the dataset.  Both the AVEGAM and U5MR significantly higher in the non-Ethiopian countries than in Ethiopia alone (p=0.00, n=480; p=0.00, n=481) as seen in table 1.  Figure 1 depicts the different slopes that exist for the association between AVEGAM and U5MR in non-Ethiopia vs. Ethiopia. Ethiopia has a steeper positive slope than the non-Ethiopian countries where an increase in AVEGAM is associated with an increase in U5MR.  

Stratifying the data by Ethiopian and non-Ethiopian countries and testing the association between AVEGAM and U5MR by regression the association is significant in Ethiopia (p=0.00, n=299) whereas the association between AVEGAM and U5MR is not significant (p=0.107, n=188) in the non-Ethiopian countries as seen in table 2.  The difference between the slopes of the association between AVEGAM and u5mr for Ethiopia vs. non-Ethiopia was tested for significance with the interaction term and was found to be significant (p=0.00, n=486).  There is a significant difference in the slopes of the line for association between AVEGAM and U5MR for Ethiopia and non-Ethiopian countries.  The equation for this association is presented in Table 2.


B.
Individual Country

Table 3 contains the mean values for AVEGAM and u5mr by country matched for the AVEGAM values with corresponding U5MR data points.  Overall, there is a significant difference in AVEGAM and U5MR between countries (p=0.00, n=469; p=0.00, n=470) but the values of AVEGAM and U5MR do not follow a discernable trend.  They differ greatly by country.  Kenya has the highest AVEGAM but a moderate value of mean U5MR. Somalia has a relatively high mean AVEGAM and the second highest mean U5MR. Sudan has a high mean AVEGAM but a moderate mean U5MR.  Ethiopia has a relatively low mean AVEGAM and the lowest mean U5MR.  Finally, Uganda has the lowest mean AVEGAM but the highest U5MR.  

Figure 2 presents the lines for the association between AVEGAM and U5MR by country.    From figure 2 it is evident that Uganda has higher U5MR for any given value of AVEGAM than the other countries.  Ethiopia has the steepest positive slope for the association between AVEGAM and U5MR as seen in the previous section. Kenya and Sudan both have similar positive slopes of the lines for the association between AVEGAM and U5MR.  Somalia appears to have very little association between AVEGAM and U5MR from the almost flat slightly negative slope of the line.  

In the regression model for the relationship between AVEGAM and U5MR using Ethiopia as the comparison, Uganda is significantly different (p=0.00, n=37) for the association between AVEGAM and U5MR, as is Sudan (p=0.014, n=45) as seen in table 4.   

When the data is stratified by country a significant association exists between AVEGAM and U5MR in Kenya (p=0.010, n=60) and Ethiopian (p=0.00((, n=297) as shown in table 5.  Testing for significance between the slopes of the lines for the association between AVEGAM and U5MR by country there is a significant difference between the slopes for Ethiopia and Kenya (p=0.005, n=357); Ethiopia and Sudan (p=0.048, n=342); Uganda and Somalia (p=0.096, n=67) and Ethiopia and Somalia (p=0.009, n-327).   Equations for these associations are presented in table 5. There is no significant difference between the slopes of the lines between Kenya and Sudan (p=0.879, n=105), Kenya and Somalia (p=0.404, n=90), Kenya and Uganda (p=0.417, n=97), Somalia and Sudan (p=0.108,n=75) , Ethiopia and Uganda (0.388, n=335), and Uganda and Sudan (p=0.620, n=82).  

C.
Conclusions

It is evident that the relationship between AVEGAM and U5MR differs by country.  Ethiopia clearly has the strongest relationship between AVEGAM and U5MR, as AVEGAM increases so does U5MR.  Somalia has the weakest relationship between AVEGAM and U5MR, U5MR remains constant as AVEGAM increases.  The  lack of a relationship between AVEGAM and U5MR in Somalia may be masking any relationships that exist in Uganda, Kenya, and the Sudan for the non-Ethiopia analysis.  

Kenya and Sudan have a similar relationship between AVEGAM and U5MR.  Although the relationship is significant for Kenya and not Sudan they have similar positive slopes where U5MR increases with increased AVEGAM.    

The relationship between AVEGAM and U5MR for Uganda is not significant, however the whole line for this association is displaced up in terms of U5MR suggesting that for any given AVEGAM the U5MR is higher in Uganda than for other countries of the Horn of Africa.  Within the Uganda surveys there is a group of outliers that have extremely high U5MR with low AVEGAM.  The majority of these data points are from IDP camp areas in Northern Uganda.  Therefore, the relationship between AVEGAM and U5MR is explored by IDP camp in the next section to see if this relationship exists in both IDP camp and non-IDP camp areas 

2.)
IDP Camps


A.
IDP Camps vs. Non-IDP Camps in Non-Ethiopian Countries

The means for AVEGAM and U5MR matched for AVEGAM data with corresponding U5MR data for IDP camp vs. non-IDP camp areas is presented in table 6.  U5MR is significantly higher in IDP camp areas (p=0.00, n=51) whereas there is no significant difference between IDP vs. non-IDP in terms of AVEGAM (p=0.979, n=474).  

A difference in the slope of the regression lines for IDP and non-IDP camps is evident in figure 3.   The slope is steeper and positive for the non-IDP camp areas where U5MR increases as AVEGAM increases.  The slope of the line for association between AVEGAM and U5MR in IDP camp areas is only slightly positive and the line is shifted up in terms of the U5MR especially with low AVEGAM.   

IDP camps are significantly different for the association between AVEGAM and U5MR (0.005, n=51) as seen in table 7.  Additionally, the interaction term for IDP and AVEGAM is significant (p=0.012, n=186) as seen in table 7.    

Upon examination of the non-Ethiopia group stratified by IDP status it is evident that the relationship between AVEGAM and U5MR is significant in the non-IDP camp areas (p=0.004, n=133) as shown in table 8.  However, this relationship is not significant in the IDP camps (p=0.263, n=53; table 13).   

Ethiopia was not included in the IDP camp analysis because of the small number (n=9) of IDP camps in Ethiopia as compared to the large number of non-IDP areas in Ethiopia (n=290). 

B.
Conclusions

Clearly there is a different relationship between AVEGAM and U5MR dependent on IDP camp status.  The relationship between AVEGAM and U5MR is stronger in non-IDP camp areas where U5MR increases with increased AVEGAM.  However, in IDP camps the relationship between AVEGAM and U5MR is not as evident.  The rates of AVEGAM do not significantly differ between IDP and non-IDP camp areas yet the overall mean U5MR for IDP camps is significantly higher.  However, with increasing AVEGAM in IDP camps the U5MR rates remains relatively constant.   This could be due to the presence of food supplementation in IDP camps and differential mortality of those who are able to make it to the IDP camps.  
3.
Association Between AVEGAM and U5MR by IDP Camp Status and Country

A.
Exclusion of IDP Camps 

The mean AVEGAM and U5MR by country, excluding IDP camp data and matched for AVEGAM with corresponding U5MR data points is presented in table 9.  Justification for the exclusion of IDP camps from analysis of the relationship between AVEGAM and U5MR is presented in section 2. Overall there is a significant difference in mean AVEGAM by country (p=0.00, n=417) as well as a significant difference in mean u5mr by country (p=0.00, n=418) with the IDP camp data excluded.  As seen in compare means by country with IDP camp data included there is no clear trend in the differences of AVEGAM and U5MR by country.  Kenya has the highest AVEGAM with a moderate U5MR rate.  Somalia has a moderate AVEGAM with a relatively high U5MR.  Sudan has the second highest mean AVEGAM with the second lowest mean U5MR.  Ethiopia has the lowest mean AVEGAM and the lowest mean U5MR, and Uganda has a low mean AVEGAM and the highest mean U5MR.  Because most of the IDP camps are in Uganda and Somalia for this dataset the sample sizes for Somali (n=15) and Uganda (n=14) have decreased significantly with the exclusion of the IDP camp data.    

The slopes for the association between AVEGAM and U5MR are shown for each country in figure 4.  Similar to the previous findings of figure 2 the Uganda line is displaced up for U5MR in comparison to the other countries.  However, without IDP data the slope for Somalia is very steep, contrasting the slope for Somalia with the IDP data included seen in figure 2.  The slopes for the Ethiopia, Kenya and Sudan are virtually identical to the previously seen results due to the fact that there are very few IDP camps in these countries.  

In the regression model in table 10 for the association between AVEGAM and U5MR controlling for country with Ethiopia as the comparison all of the countries are significant:  Kenya (p=0.027), Somalia (p=0.025), Sudan (0.009), and Uganda (p=0.00).  When the association between AVEGAM and U5MR is tested by stratifying by country only Kenya and Ethiopia have significant associations between AVEGAM and u5mr (p=0.038, 58; p=0.00, n=288) as presented in table 11.  There is a significant difference between the slopes for Kenya and Somalia (p=0.091, n=) and Kenya and Ethiopia (p=0.004, n=) as seen in table 10.  There is no significant difference between Kenya and Sudan (p=0.865, n= ), Kenya and Uganda (p=0.319, n=),  Uganda and Somalia (p=0.657, n=),  Somalia and Ethiopia (p=0.564, n=),  Sudan and Somalia (p=0.329, n=),  Ethiopia and Sudan (p=0.150, n=),  Sudan and Uganda (p=0.387, n=),  Uganda and Ethiopia (0.940, n=).   

B.
 IDP Camps in Uganda and Somalia


For comparison, the mean AVEGAM and U5MR by country for IDP camp areas only are presented matched for AVEGAM with corresponding U5MR data in table 12.  The sample size for Kenya, Sudan, and Ethiopia are too small for interpretation.  Mean AVEGAM is significantly higher for Somalia for IDP camps alone (p=0.00, n=37)  and the difference for Somalia and Uganda for mean U5MR is relatively significant (p=0.056, n=37) with Uganda having a higher mean U5MR.


Figure  5 shows the slopes of the line of the association between AVEGAM and U5MR for IDP camps alone in Uganda and Somalia.  The slopes are different, Uganda has a steep positive slope and Somalia has a slightly negative slope for the association between AVEGAM and U5MR.  The association between AVEGAM and U5MR is not significant in either Uganda or Somalia as seen in table 13.  There is no significant difference between the slopes (p=0.223, n=37).   However, it is evident from figure 6 that the majority of the data points from IDP camps in Uganda have low AVEGAM with corresponding high U5MR.


 C.
Conclusions



Overall the exclusion of IDP camps from the analysis of the relationship between AVEGAM and U5MR does not significantly change the previously observed relationships between AVEGAM and U5MR by country with the exception of Somalia.  The exclusion of the IDP camps in Somalia shows that there is change in the slope of the line for the association between AVEGAM and U5MR from B=-0.002362 to B=0.144 although the relationship is still not significant.  The lack of a relationship between AVEGAM and U5MR in Somalia is likely driven by the IDP camp data.  Supplemental feeding, other health services as well as differential mortality for those who can make it to the IDP camp may contribute to the lower U5MR of the camps in Somalia.  


Although the relationship between AVEGAM and U5MR in Uganda does not change significantly when IDP camps are excluded it is clear that Uganda (especially the IDP camps)  is characterized by an unusually high U5MR for any given AVEGAM.   The IDP camps in Uganda specifically area characterized by a low AVEGAM and high U5MR.  Overall, there is increased mortality at lower levels of malnutrition. Factors other than malnutrition, such as disease, conflict, lack of supplemental feeding and other services for malnourished children may contribute to the abnormally high levels of U5MR especially in the IDP camps of Uganda.  

Tables

Table 1:  Compare means of Overall GAM prevalence and Child Mortality (under 5) for Ethiopia vs. Non-Ethiopian countries

	Country
	Overall GAM Prevalence
	Child Mortality Rate (under 5)

	Ethiopia
	11.1324 ((297)
	1.3073 (298)

	Non-Ethiopia
	16.7986 (183)
	1.8049 (183)

	Total
	13.2926 (480)
	1.4966 (481)

	
	
	









P=0.00




p=0.00

Figure 1:  Overall GAM Prevalence vs. Child Mortality (under 5) rate Ethiopia vs. non-Ethiopian countries​
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Table 2:  Regression coefficient for relationship between overall GAM prevalence and under 5 Child Mortality Rates in Non-Ethiopian Countries

	Country
	B coefficient (slope)
	P
	N

	Ethiopia
	0.101
	0.00((
	299

	Non-Ethiopia
	0.0248
	0.107
	187


U5MR=1.709+ 0.005697 (AVEGAM) -1.439 (d_Ethiopia) + 0.08768 (d_Ethiopia ( AVEGAM)  p=0.00(( (n=486)
Table 3:  Compare means of Overall GAM prevalence and Child Mortality (under 5) by country

	Country
	Overall GAM Prevalence
	Child Mortality Rate (under 5)

	Kenya
	20.31 (60)
	1.6543 (60)

	Somalia
	16.0600 (30)
	1.9257 (30)

	Sudan
	19.2867(45)
	1.4073 (45)

	Ethiopia
	11.1324 (297)
	1.3073 (298)

	Uganda
	8.9743 (37)
	2.6443 (37)

	Total
	13.2338 (469)
	1.5059 (470)







P=0.00




p=0.00

Figure 2:  Overall GAM Prevalence vs. Child Mortality (under 5) rate by country
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Table 4:  Regression model for the association between Child Mortality (under 5) and overall GAM Prevalence controlling for Country

	Variable
	Model 1
	2

	 Overall GAM Prevalence
	0.05285 (6.945, 0.00**)
	0.07260 (8.749, 0.00(()

	d_kenya
	--
	-0.302 (-1.720, 0.086)

	d_somalia


	
	0.278 (1.268, 0.205)

	d_sudan
	
	-0.475 (-2.478, 0.014(()

	d_uganda


	
	1.511 (7.671, 0.00(()

	Constant
	0.807
	0.482

	Adj R sq
	0.090
	0.207

	N
	476
	479


Table 5:  Regression coefficients for the association between Child Mortality (under 5) and AVEGAM by Country

	Country
	B coefficient (slope)
	P
	N

	Kenya
	0.05278
	0.010((
	60

	Somalia
	-0.002362
	0.957
	30

	Sudan
	0.04751
	0.106
	45

	Ethiopia
	0.09337
	0.000((
	297

	Uganda
	0.07348
	0.166
	37


Ethiopia & Kenya:  u5mr=0.722 + 0.09337(AVEGAM) – 0.452(d_Ethiopia) – 0.05502 (Interaction term)  p=0.005 (n=357)

Ethiopia & Sudan:  u5mr= 0.186 + 0.04751 (AVEGAM) + 0.305 (d_Sudan) +0.05223 (d_Sudan ( AVEGAM) p=0.048 (n=342)

Uganda & Somalia:  u5mr=1.985 + -0.0734 (AVEGAM) + 0.301 (d_Somalia) -0.101 (d_Somalia(AVEGAM) p=0.096 (n=67)

Ethiopia & Somalia:  u5mr=0.186 – 0.002362 (AVEGAM) + 1.777 (d_Somalia) + 0.102 (d_Somalia( AVEGAM) p=0.009 (n=327)

Table 6:  Compare means of overall GAM Prevalence and Child Mortality (under 5) by IDP vs. Non-IDP camp areas in Non-Ethiopian countries
	IDP Camp?
	Overall GAM Prevalence
	Child Mortality Rate (under 5)

	Yes
	13.3802 (51)
	2.3133 (51)

	No
	13.3508 (423)
	1.4058 (418)

	Total
	17.4105 (474)
	1.9369 (469)








P=0.00




p=0.411

Figure 3:  Overall GAM Prevalence vs. Child Mortality (under 5) rate by IDP camp in non-Ethiopian Countries
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Table 7:  Regression coefficients for relationship between overall GAM Prevalence and Under 5 Child Mortality Rates in non-Ethiopian countries controlling for IDP camp status and the interaction term between d_IDP and AVEGAM 

	Variable
	Model 1
	2

	 Overall GAM Prevalence
	0.0248 (1.618, 0.107(()
	0.05789 (3.046, 0.003(()

	d_idp
	--
	1.667 (2.876, 0.005(()

	Interaction IDP and GAM prev
	
	-0.08599 (-2.543, 0.012(()

	
	
	

	Constant
	1.517
	0.811

	Adj R sq
	0.009
	0.041

	N
	187
	186


Table 8: Regression coefficients for the association between Child Mortality (under 5) and AVEGAM in Non-Ethiopian countries by IDP camp status

	IDP
	B coefficient (slope)
	P
	N

	Yes
	-0.02809
	0.263
	53

	No
	0.0789
	0.004((
	133


U5MR=0.811 + 0.05789 (AVEGAM) + 1.667 (d_idp) -0.08599 (d_idp ( AVEGAM)  p=0.012, n=186

Table 9: Compare means of Overall GAM prevalence and Child Mortality (under 5) by country with IDP data removed
	Country
	Overall GAM Prevalence
	Child Mortality Rate (under 5)

	Kenya
	19.9983 (58)
	1.5699 (58)

	Somalia
	13.6533 (15)
	2.1173 (15)

	Sudan
	18.8619(42)
	1.3736 (42)

	Ethiopia
	11.0086 (288)
	1.2823 (289)

	Uganda
	13.1857 (14)
	2.6086 (14)

	Total
	13.2182(417)
	1.4085 (418)


                                                                       P=0.00
  


p=0.00

Figure 4:  Overall GAM Prevalence vs. Child Mortality (under 5) rate by country without IDP data
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Table 10: Regression model for the association between Overall GAM Prevalence and Child Mortality (under 5)  controlling for country without IDP data
	Variable
	Model 1
	2

	 Overall GAM Prevalence
	0.05285 (6.945, 0.00**)
	0.073 (8.749, 0.00(()

	d_kenya
	--
	-0.379 (-2.219, 0.027(()

	d_somalia


	
	0.637 (2.252, 0.025(()

	d_sudan
	
	-0.492 (-2.617, 0.009(()

	d_uganda


	
	1.163 (3.982, 0.00(()

	Constant
	0.593
	0.471

	Adj R sq
	0.136
	0.196

	N
	416
	416


Table 11:  Regression coefficients for the association between Overall GAM Prevalence and Child Mortality (under 5) by country without IDP data


	Country
	B coefficient (slope)
	P
	N

	Kenya
	0.04166
	0.038((
	58

	Somalia
	0.144
	0.179
	15

	Sudan
	0.05636
	0.063
	42

	Ethiopia
	0.08445
	0.000((
	288

	Uganda
	0.09703
	0.152
	14


Kenya & Somalia:  u5mr=0.0737 -0.0272 (AVEGAM) + 1.550 (d_Somalia) + 0.06885 (d_Kenya ( AVEGAM)  p=0.091, n=72

Kenya & Ethiopia:  u5mr=0.073 + 0.0973 (AVEGAM) -0.0551 (d_Ethiopia) – 0.05808 (d_Ethiopia ( AVEGAM)  p=0.004, n=346

Table 12: Compare means of Overall GAM prevalence and Child Mortality (under 5) by country for IDP camps

	Country
	Overall GAM Prevalence
	Child Mortality Rate (under 5)

	Kenya
	29.35 (2)
	4.10 (2)

	Somalia
	18.907 (14)
	1.700 (14)

	Sudan
	25.233(3)
	1.88 (3)

	Ethiopia
	15.0933 (9)
	2.1122 (9)

	Uganda
	6.4109 (23)
	2.666 (23)

	Total
	13.3802(51)
	2.3133 (51)


Difference between Somalia and Uganda           p=0.00
  


p=0.056

Figure 5:  Overall GAM Prevalence vs. Child Mortality (under 5) rate by Somalia and Uganda for IDP Camps
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Table 13:  Regression coefficients for the association between Overall GAM Prevalence and Child Mortality (under 5) for Somalia and Uganda IDP Camps


	Country
	B coefficient (slope)
	P
	N

	Somalia
	-0.03146
	0.510
	14

	Uganda
	0.138
	0.303
	23
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