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ABSTRACT


	   
OBJECTIVE: To describe the growth status of children and youth (<27 yr) with type 1 diabetes (T1D) in the Rwanda Life For A Child (LFAC) program, to compare growth to other standard populations, and to identify factors that affect growth in order to improve growth outcomes.  This paper will impact global public health by increasing knowledge on non-communicable diseases, specifically diabetes, in resource poor settings.  
RESEARCH DESIGN AND METHODS: Data on height, weight, and HbA1c were collected from 747 individuals from June 2009 to March 2013 for the LFAC program in Rwanda.  WHO definitions for growth standards were applied to this population and compared with world and non-diabetic Rwandan populations.  Cross-sectional analysis was used to evaluate the most significant correlates of growth at first visit as determined by percentages stunted, thin, and underweight.   
RESULTS: At first visit (n=747), 24.18% of the study population was found to be stunted, 31.86% thin, and 29.01% underweight.  Rwandan children fare significantly worse (p<.0001) than their diabetic counter-parts around the world and also have lower body mass index and higher percentages of females under 145 cm than non-diabetic Rwandans.  After controlling for other variables, the most important influences on stunting are sex (p<.0006), age at visit (p<.03), and weight (p<.0001).  Significant correlates of thinness are sex (p<.0007) and HbA1c (p<.02).  Important variables for determining the underweight are sex (p<.008), age at visit (p<.0001), and HbA1c (p<.0001). 
CONCLUSIONS: T1D children in Rwanda suffer from impaired growth, likely related to poor glycemic control, failure to gain weight, and environmental factors.  Further research specifically oriented towards growth needs to occur in order to better understand how to achieve normal growth, specifically looking at nutrition and access to food and diabetes supplies.  
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[bookmark: _Toc363364555]Preface
Initially, I had very little interest in studying chronic diseases, feeling that morbidity due to preventable and treatable infectious diseases was most unacceptable.  However, not wanting to deny opportunity, I hopped aboard Pitt’s contribution to LFAC in Rwanda.  When I first arrived, I was blown away by the beauty of “The Thousand Hills” and by the kindness of everyone who I met.  During my short one month stay, I journeyed to hospitals in the Southern and Western provinces with Laurien (a Rwandan-born epidemiologist from Pitt), Vedaste (LFAC program nurse responsible for delivering most of the care), and Bosco (the driver).  At the hospitals, children would patiently wait for hours to see Vedaste and receive new insulin supplies.  There was a spectrum of health in these children; some were doing truly well, others would look healthy but have dangerously high HbA1c levels, while some children I realized would not survive more than a few more years.  Seeing these brilliant kids struggle with limited resources and difficult family situations was heartbreaking. 
During our long car rides, we would discuss the state of health in Rwanda and try to brainstorm how to improve the lives of the children with diabetes.  The lack of infrastructure for chronic disease care was highly problematic.  Common among developing countries, Rwanda suffers from the double burden of disease; improvements in social and economic conditions burden health systems with both chronic and infectious diseases.  Like me, many researchers and development workers tend to focus on infectious diseases, such as polio, malaria, diarrhea, and HIV while consideration for chronic disease care gets pushed to the side.  At a diabetes conference Vedaste attended, he was moved by the simple statement the former President of the International Diabetes Federation, JC Mbanya, made, “Why is it ok that children die from diabetes but not from AIDS?”  My time in Rwanda made me realize how important it is to address issues of chronic diseases now before countries face even worse problems in the future, for prevention is truly more effective than treatment in improving health outcomes.  The situation of type 1 diabetes is especially sorrowful as it affects young children for the entire course of their lives and these children do not have access to the resources necessary to live as burden free lives as possible. 
I decided to look at growth and diabetes in Rwanda for several reasons.  First, Dr. Orchard suggested this topic as a research idea, and being someone who is under five feet, I thought it would be appropriate to study growth.  Second, while in Rwanda, there were many times when I was shocked as to how little these children looked for their age, either due to stunting or under development.  I was very interested in seeing how exactly diabetes was playing a role in the growth of these children, especially compared to other demographic factors.  Finally, growth is a good indicator of health status in children.  It would be very useful to quantify and analyze the growth status and progress of the T1D children.  I hope that the results from this study can be used to improve the implementation of the LFAC program and improve health outcomes in the T1D children in Rwanda.   
Thank-you to my teachers, friends, and family for supporting my research.  Thank-you to Dr. Orchard for giving me this opportunity of a life time and to Sara Marshall and Jessica Nan for their support.  Thank-you to my host family in Rwanda and the diabetes team- Laurien, Vedaste, and Bosco- who shared with me a piece of their lives and so much laughter.  Finally, thank-you to the people and especially the children with diabetes of Rwanda.  By example, you have inspired me to new zeniths and have shown me the true meaning of resilience, all with a smile on your face.  It is my sincerest hope that we will soon arrive at a future where these children can live healthy and happy lives.  











	ix
[bookmark: _Toc106513527][bookmark: _Toc106717785][bookmark: _Toc363364556]Introduction
[bookmark: _Toc106513528][bookmark: _Toc106717786][bookmark: _Toc114179895]While the term “diabetes” is applied to both conditions, there are some important distinctions between type 1 and type 2 diabetes.  Both diseases are insulin related, but the difference in pathophysiology results in diverse onset, symptoms, and management.   The more common type 2 diabetes occurs gradually from insulin resistance, such that insulin is produced but not properly recognized (1).  As sedentary lifestyles and excessive weight gain are known to be important contributing factors, for most adults susceptible to or with type 2 diabetes, treatment is centered on proper diet and exercise (1).  Type 2 diabetes is most common in adults and accounts for 90-95% (2) of all diabetes cases.  
On the other hand, type 1 diabetes, also known as juvenile diabetes or insulin-dependent diabetes mellitus (IDDM), results from the autoimmune destruction of beta-islet cells in the pancreas, resulting in the inability to produce insulin.  T1D is caused by a combination of genetics and mostly unknown internal and environmental triggers.  Age of onset for T1D is between 5-25 years and occurs rapidly within weeks.  In simple terms, the failure of the body to process sugars without insulin makes T1D fatal.  Progress in science has made it possible to carefully assess body conditions and artificially inject insulin into the body, though insulin therapy requires a careful balance of energy consumption and usage to avoid high and low blood sugar.  When not properly managed, complications of diabetes include, but are not limited to: cardiovascular disease, neuropathy, nephropathy, and retinopathy. 	 
	In the United States, the prevalence of T1D by age 18 is about 1 in 300 or approximately 3 million Americans (3), with estimates as ranging between 22-34.7 million in the world (4).  Worldwide, annual T1D incidence is increasing by 2-5% (5) with much of the increase occurring in younger age groups (6), emphasizing the need to quickly diagnose T1D.  For unknown reasons, T1D rates vary around the world.  Incidence ranges from 36.8/100,000 in Sardinia to 0.1/100,000 in China.  Sardinia, Finland, Sweden, Norway, Portugal, the UK, Canada, and New Zealand had the highest rates at >20/100,000 children (7).  
The lower levels of T1D in Africa as seen in Table 1 may have more to do with a reporting bias than reality.  Many developing countries are just now developing the resources needed to diagnose and manage type 1 diabetes.  There are only a few studies looking at T1D in Africa and whatever studies do exist are out of date and could have potentially missed children who died before they were diagnosed with the disease.  While small in number, these studies (citations) all reach one similar conclusion: type 1 diabetes is not well understood in African countries and remains an underserved, low priority issue.  Health systems are not adequately equipped to combat the disease as these countries need more resources, knowledge, and support.  While Rwanda and other nations do not have the highest rates of T1D, they may have the highest rates of morbidity (8) and therefore greater need for creating effective solutions.  
[bookmark: _Toc363390321]Table 1. Type 1 diabetes in Africa
	Country
	Prevalence (per 1,000)
	Incidence (per 100,000)
	Year

	Rwanda (9)
	.16
	2.7
	2010

	Sudan (10, 11) 
	0.95
	10.1
	1989, 1995  

	Nigeria (12)
	0.33
	
	1993

	Algeria (12)
	0.27
	4.4
	1994

	Tanzania (12)
	
	1.5
	1992

	Tunisia (13)
	
	6.76-6.95
	1997

	Libya (14)
	
	8.3
	1993

	Morocco (15)
	
	20
	1997


 
[bookmark: _Toc363364557]Type 1 Diabetes in Rwanda
[bookmark: _Toc106513530][bookmark: _Toc106717788]The Life for A Child program has operated in Rwanda for 5 years and provides the best source of data on the current status of T1D in the country.  Before proceeding with the paper, it is important to mention the history of Pitt’s presence in Rwanda. In Rwanda, the main effort to control diabetes in children comes from an advantageous mix of three different organizations: the University of Pittsburgh, the Life For A Child (LFAC) program under the International Diabetes Federation (IDF), and the Association Rwandaise Diabetiques (ARD), a local clinic through which LFAC and Pitt run their type 1 diabetes program.  The ARD is therefore able to hire a nurse to journey to hospitals in every province up to four times a year.  Individuals who are 25 years old or younger are eligible to be in the program and those who age out are unofficially followed-up until around age 27.  A small white car is used to travel to 30 hospitals where care is given in whatever room, closet, or hallway is available.  Even with these constraints, the program is able to regularly check hemoglobin A1c (HbA1c) levels, albumin/creatinine (A/C) ratio, visual acuity, nephropathy, blood pressure, height, and weight.  At each visit patients are given, whenever available, glucose meters, strips, lancets, syringes, glucose tablets, and insulin.  
In addition to these tests and supplies, education is highly emphasized at the visits.  Each visit includes an education session where children and parents learn more about diabetes, from safe insulin practices to foot washing.  Many children have glucose meters and are taught how to properly monitor blood glucose levels; the children all know how to inject insulin and adjust dosage as needed.  As a final level of support, everyone enrolled in the program has the phone number of the nurse, Vedaste, who is meticulous in responding to all enquiries from the children.  
Through regular monitoring of diabetes and continuous education, the lives of these children have improved dramatically.  Thanks to Dr. Orchard, one distinct advantage Rwanda has in treating diabetes is the HbA1c machine.  The HbA1c test measures the percent of hemoglobin A1c in the blood, providing the average blood sugar of an individual over the past three months.  It is therefore an adequate proxy of glycemic control.  In non-diabetic individuals, HbA1c <5.7% is considered normal, while in the T1D population, HbA1c <7% indicates good control and reduced complications (16).  Targeting glycemic control has been an important aspect of LFAC’s success in Rwanda.  
Indeed, just looking at data over three years can show the improvement in the program.  As shown by Figure 1, in June 2009, there were 177 individuals enrolled in the program; by December 2012 this number had grown to over 800.  In 2009, mean HbA1c levels were at 11.6% where over 30% of the children had HbA1c values greater than 14%, the largest number recordable by the machine.  By the end of 2012, HbA1c had decreased by several percentages.  Except in new cases, the levels of hospitalizations due to ketoacidosis and hyperglycemia have decreased dramatically.  There is definite progression of diabetes control as measured by glycemic control for those enrolled in the program; however, there still remains a need for improved care to bring diabetes into further control and below recommended HbA1c levels (17).   
[image: H:\Thesis\LFAC data.JPG]
a) [bookmark: _Toc363390330]Number of children enrolled in program. b) Mean HbA1c levels.

Figure 1. Growth and progress of LFAC in Rwanda
[bookmark: _Toc363364558]Growth and Diabetes
[bookmark: _Toc106513529][bookmark: _Toc106717787]It has been noted that type 1 diabetes can lead to inhibited growth in its patients.  The biological mechanism of this relationship revolves around energy processing in the body.  Due to the destruction the beta islet pancreatic cells responsible for insulin production, diabetics are unable to produce insulin.  Without insulin, the body is unable to harness energy from carbohydrates.  As such, especially in critical growing ages, this lack of insulin leads to inhibited growth.  In fact, one of the earliest symptoms of diabetes is weight loss.  In the past, diabetes was often associated with Mauriac syndrome (18, 19), characterized by short stature, abnormal weight structure, hepatomegaly, and more recently, celiac disease.  These relations indicated that the etiology of type 1 diabetes is somehow related to other growth features, but the exact nature of the relationship remains a mystery. 
Given the biological and historical connection between diabetes and growth, it is expected that diabetes is associated with decreased final height, delayed puberty, and low body mass index (BMI).  It would, however, be initially more confusing to learn that other studies show the opposite (20), that diabetes leads to increased weight or no difference in height.  With the advent of artificial insulin, the relationship between growth and diabetes has become more obscure because the quantity, quality, and frequency of insulin affects many aspects of growth and requires a careful balancing act between nutrition and insulin.  Does the process of retaining proper glucose balance result in abnormal growth?  Do proper diabetes management and glycemic control ensure proper growth?  Or are there other possibly genetic components of diabetes outside of insulin that affect growth?  Improvement in the quality of care available to diabetic children has resulted in the reduction of the dwarfism typical to uncontrolled diabetes and has led to an increasing diversity in literature over time, as seen by the contrary evidence provided below.  The relationship between diabetes and resource poor settings especially needs to be further explored.  
Glycemic control is considered to be integral to living a normal life with diabetes.  Maintaining glycemic control requires matching energy consumption and usage to insulin injections.  In the developed world, access to insulin pumps, glucose meters, medical professionals, etc. has made it possible to maintain steady blood sugar levels.  These tools are not available in most resource poor settings, and the uncertainty of insulin available, proper medical support, and nutrition result in varied control.  While no one knows exactly why high glucose levels cause complications, keeping glucose levels as normal as possible prevents or slows complications (21).  It goes to follow then that patients with better glycemic control should have better growth outcomes.  
One outcome of growth that is commonly studied is height attainment.  In both developed and developing world context (21-23), diabetic children, even those who start out tall for their age, have decreased change in growth over the years up till final height attainment.  The mean height of children was greater at diagnosis than expected based upon parental height, however, the final height attainment is lower than the projected height, with poor HbA1c contributing to impaired growth (21, 23).  A few studies even posit that improved glycemic control can actually normalize and improve height attainment (24, 25).  In addition to glycemic control, puberty also seems to play a role in height attainment, with children who are pre-pubertal most suspect to height suppression (21, 26).  
However, other studies negate a relationship between glycemic control and height.  An American study found that glycosylated hemoglobin (GHb), similar to HbA1c, was not correlated with height nor did regression analysis indicate a significant relationship between GHb and change in height.  They state that while poor control could lead to conditions that hinder growth in the short term, patients then recover and return to normal growth velocity (27).  Instead of glycemic control, adequate weight gain (27), levels of insulin-like growth factor 1 (27, 28), duration of diabetes, age at diagnosis, and puberty (29, 30) are more significant predictors of height.  
Weight and BMI are also important measures of growth.  As with height, there are divergent responses on what role HbA1c plays.  Most studies find that glycemic control is significantly related to growth (17, 21-23), while other studies find no correlation between the variables (27).  Studies have also shown that gender can play an important role in weight gain, with females becoming overweight and not achieving proper vertical growth as they reach final height and adulthood (31).  Recent publication on LFAC in Rwanda shows that there is a significant difference in mean height and BMI between males and females (17).  While the precise cause for the differences between the two sexes is unknown, the number of insulin injections was shown to be a significant predictor of obesity, especially around puberty when studies have shown increased insulin resistance.  Puberty plays a pivotal role in growth.  Those children whose age of onset of diabetes was before puberty are more likely to suffer from adverse growth outcomes.  In reverse, poor glycemic control has been found to delay onset of puberty (23).  
There are many possible explanation for the discrepancy between these studies.  There are normal fluctuations in growth rates of individuals, on top of the fact that the population of the world as a whole seems to be growing taller and heavier (30).  It is possible that these studies are using different and not entirely consistent measures for variables; there may not have been a reliable method for measuring glycemic control, height, or weight.   As always, different study populations in different circumstances yield diverse results, such as looking at situations in developed vs. developing countries where access to insulin and proper nutrition is inconsistent at best.  While the role of glycemic control is more hotly debated, there do appear to be some common threads among the diverse data: gender, duration of diabetes, and puberty all appear to play some causal or moderating role in the progression of growth in T1D children.  It is clear, however, that further research needs to be conducted in order to determine how best to achieve normal growth results in children with type 1 diabetes, especially in resource poor settings.  
This paper seeks to assess how type 1 diabetes has affected the growth of children in Rwanda by looking at stunting, thinness, and underweight levels.  In addition, this paper seeks to evaluate the presence of the Life For A Child program in Rwanda across growth measures.  It is hoped that this paper can shed more light on how diabetes affects growth in resource poor settings and the role of glycemic control in the process.  It is also hoped that this paper can help determine how growth measures can be improved by providing a preliminary analysis of the current situation and achievable targets for the future.  



[bookmark: _Toc363364559][bookmark: _Toc106513535][bookmark: _Toc106717793]Study population and Methods
As part of the ongoing Life For A Child program in Rwanda, visits from 829 patients were collected from June 2009 to March 2013.  Clinical visits were theoretically made four times a year, with three quarterly visits and one longer yearly visit, to hospitals in all 5 provinces of Rwanda (Nord, Sud, Ouest, East, and Kigali).  In reality, visits were delayed and children skipped visits, such that most children received between 2-3 visits a year.  This paper uses all available data, only excluding visits in which the following occurred: no date, no sex, no id, or no height and weight information.  After applying the aforementioned criteria, 747 patients remained in this study on growth.  No significant differences were found in key variables- sex, age, weight, height, BMI, HhA1c, years enrolled in program, and number of visits- between the 829 patients for whom data was available and the 747 patients who were used in this paper.  
The following relevant variables were collected during the visits: gender, age of T1D onset, height, weight, and HbA1c.  Estimates of the year of birth and diabetes onset were collected at the first visit and used to calculate age and age of T1D onset.  As exact birthdays were not known for most children, in order to assess incremental changes in age, all children for whom specific birth month and day information was not available were assigned January 1 of their birth year as their birthday.  Height information was collected in cm through a portable stadiometer while weight was measured in kg with a portable bathroom scale.  BMI was calculated using the following standard equation: BMI=mass(kg)/height(m2).  HbA1c was measured using a DCA VantageAnalyzer.  
There are three main sections to this study: growth categorization, comparison to published growth data, and cross-sectional regressions.  SAS was used to conduct all analyses.  All analyses were performed after ascertaining data was normally distributed using the one-sample Kolmogorov-Smirnov test.    
[bookmark: _Toc363364560]WHO Definitions
In order to qualify and compare growth measures, WHO growth parameters were applied to the height, weight, and BMI data (31).  BMI-for-age is known to be a good tool for studying growth in youth populations (32).  Table 2 below explains the meanings of the growth definitions.  In order to group participants into these groups, WHO growth charts were entered into SAS and participants fitted into the corresponding growth category.  While tables were used to enter the data into SAS, Figure 2 shows sample growth curves (32) which are a better visual representation of international growth standards.  When looking at height-for-age and BMI-for-age, values were adjusted for sex, age was specific to the month (however, keep in mind that the ages are approximate), and charts appropriate for ages 2-5 and 5-19 were used.  For ages greater than 19, data points from WHO growth curves and WHO adult recommendations were used to fit an equation to create height, weight, and BMI cut-offs for older ages.   

[bookmark: _Toc363390322]Table 2. WHO growth definitions
	Growth measure
	Standard deviations around the median

	Height-for-Age
	

	severely stunted
	3 or more below

	stunted
	2 or more below

	normal
	between 2 below and above

	tall
	2 or more above

	BMI-for-Age
	

	severely thin
	3 or more below

	thin
	2 or more below

	normal
	between 2 below and 1 above

	thick
	1 or more above

	BMI
	

	severely underweight
	3 or more below

	underweight
	2 or more below

	normal
	between 2 below and above

	overweight
	2 or more above





Percentages of stunted, thin, and underweight children were compared through the 13 visits and first and last visits were also compared.  As the population at risk varies at visits and the time interval between visits ranges from months to years, it can be difficult to interpret the results from the analysis above.  In order to gain an idea as to how progression through the program affects individuals, levels of growth were assessed on a sample of the population who had data collected at 1 and 2 years after first visit (n=465).  Sensitivity analyses showed no significant differences in variables unrelated to time between the under 18 group and total study population.  Chi-square tests were conducted in SAS to test for significance.   

[image: ]
[bookmark: _Toc363390331]Figure 2. Sample WHO Growth Curves 
[bookmark: _Toc363364561]Comparison to World and Rwanda Data
LFAC data was compared to world diabetes and national Rwandan growth data.  The DiaComp study (34) compiled T1D data from 17 countries with a total of 2,657 patients and contains information on height, weight, and BMI.  DiaComp is a sub study of WHO’s DiaMond study of T1D incidence, conducted from 1990-1999.  Children in this data set were diagnosed before the age of 15 and had diabetes for at least 5 years when assessed.  These data only have children up to age 18, so comparisons were limited to that age group.  Sensitivity analyses showed no significant differences in variables unrelated to age between the under 18 group and total study population.  Data averaged from the world and Tanzania were selected for comparison.  One sample t-tests were used to assess differences between world and Rwandan averages at first and last visits by setting Tanzanian means as the comparator value for the null hypothesis.     
Rwanda’s National Health and Demographics Survey (NHDS) from 2012 (33) was used to compare LFAC diabetic to non-diabetic children in Rwanda, again, breaking the analysis up into comparable age groups.  While NHDS does not indicate if the population surveyed also included diabetic children, the prevalence of diabetes is so small compared to the national population that effect of diabetic children is negligible.  It is important to note that Rwandan patients were only followed up till maximum 27 years and NHDS data goes to 29 years of age.  It was not possible to conduct an analysis to see if these groups were still comparable, however growth does not vary greatly between the ages of 27 and 29.  Sensitivity analyses showed no significant differences in variables unrelated to age between modified age groups and total study population.  One sample t-tests and chi-squared goodness of fit tests were used to assess if there was a significant difference between diabetic and non-diabetic individuals by setting NHDS means/percentages as the comparator value for the null hypothesis.  

[bookmark: _Toc363364562]Cross-Sectional Analysis
In order to assess the significant influences on growth, logistic regression was to see if sex, age at visit, HbA1c, duration of diabetes, age at diagnosis, and weight predicted cross-sectionally the growth measures of stunted, thin, and underweight at first visit using the full sample population (n=747).  Univariate associations were first examined to identify possible predictors and those with significance p< .2 were then included in the multivariate model.  Logistic regression was conducted in SAS using proc logistic.
[bookmark: _Toc363364563]Results
In the total cohort of 747 individuals, of whom 413 were female and 334 were male, a total of 3,156 visits were made.  Of this group, 598 children had more than 1 visit, with the average time enrolled in the program being 1.78 years.  Table 3 summarizes other key sample descriptive information.  In those children who did have a first and last visit, there was an expected average increase in height and weight that should occur with ageing and as hoped for through the efforts of the program, a decrease in HbA1C levels.  

	
[bookmark: _Toc363390323]Table 3. Sample descriptive statistics
	Variable 
	n
	% / M (SD)

	Sex
	
	

	male
	334
	44.71%

	female
	413
	55.29%

	Puberty at First Visit
	
	

	male
	153
	78.43%

	female
	201
	85.07%

	Age of First Visit
	747
	19.31 (4.73)

	Total Number of Visitsa
	747
	3 (1-13)

	Days Enrolled in Programb
	598
	648.82 (406.66)

	Change in Heightb
	571
	2.37 (8.79)

	Change in Weightb
	596
	3.68 (8.03)

	Change in BMIb
	569
	0.95 (2.99)

	Change in HbA1cb
	462
	-1.36 (3.14)

	Years Between Diagnosis and First Visit
	715
	2.40 (2.86)


a. Median (range)
b. Between first and last visit
[bookmark: _Toc363364564]WHO Definitions
Children were categorized into two groups, two standard deviations or more below WHO recommended levels for growth or not as this delineation indicated severe growth abnormalities.  Using this definition, Table 4 presents the percentages of children who fall into each category at each visit.  Many children in the sample did not have more than one visit. 
In all three categories, there appears to be a general decrease in the percentages of children showing poor growth as visit number increases, though chi-square tests only showed a significant difference for % thin (p=.016) and % underweight (p<.0001). Even though the percentages of children with growth problems decreased with multiple visits, these levels still remain high.  The degree of growth impairment is also concerning.  Of all of the stunting that does occur throughout the 13 visits, 45.7% of stunting, 29.7% of thinness, and 31.1% of underweight were severe or in other words 3 standard deviations or more below the median.  

[bookmark: _Toc363390324]Table 4. WHO growth measures at different visits
	Visit
	na
	stunted (%)
	thin (%)
	underweight (%)

	1
	747
	24.18
	31.86
	29.01

	2
	598
	18.73
	20.5
	20.17

	3
	482
	13.73
	14.51
	14.61

	4
	364
	11.27
	10.09
	11.12

	5
	304
	9.36
	7.89
	8.51

	6
	230
	7.55
	4.1
	5.89

	7
	158
	5.73
	4.73
	4.8

	8
	124
	3.91
	2.52
	2.73

	9
	80
	2.82
	3.15
	2.18

	10
	39
	1.36
	0.63
	0.65

	11
	18
	0.91
	0
	0.22

	12
	10
	0.45
	0
	0.11

	13
	2
	0
	0
	0

	first
	598
	35.85
	13.25
	37.01

	last
	598
	32.76
	9.73
	25.94


                        a. n indicates total children at visit not accounting for missing data  

However, the population at risk at each visit consists of a different group of individuals.  It is possible there are key differences between the populations at each visit, so that the differences seen above are not due to actual improvement through progression through the program, but due to population variation and loss to follow-up.  Table 5 shows the results of conducting an assessment on the same group of 465 individuals over two years.  As with the results above, progression through the program showed improvements in levels on thinness (p<.04) and underweight (p<.0009).  Levels of stunting did not show significant improvement, in fact, there was a very small difference between the percent of stunting between first visit and two years later.  

[bookmark: _Toc363390325]Table 5. WHO growth measures at key time points
	Visit
	na
	stunted (%)
	thin
(%)
	underweight (%)

	First Visit
	465
	34.08
	42.45
	40.09

	1 Year Later
	465
	32.24
	32.37
	32.08

	2 Years Later
	465
	33.67
	25.18
	27.83

	a. n indicates total children at visit not accounting for missing data  



[bookmark: _Toc363364565]Comparison to World and Rwanda Data
Growth information from the DiaComp study, a multinational cross-sectional study on diabetes complications, was compared to first and last visits from the Rwanda data set (n=190, restricted to match DiaComp age ranges) using student t-tests.  In all growth categories, Rwandan children fared significantly worse (p<.0001) than diabetic counterparts around the world at both first and last visits.  
Given that world DiaComp data compromised both developed and developing countries, this comparison may not be a fair or accurate portrayal of how well Rwandan children fare.  Table 4 highlights how the children in Rwanda compare to children in Tanzania, using student t-tests.  At first visit, Rwandan children are either of similar weight or skinnier than Tanzanian, though Rwandan girls are taller than Tanzanian girls. While at the last visit Rwandan children are significantly older than the Tanzanian children, at both first and last visits, Rwandan children have a significantly lower BMI than their African neighbors.  


[bookmark: _Toc363390326]Table 6. Comparison to DiaComp Data looking at World and Tanzania Averages
	
	World
	Tanzania
	Rwanda First Visita
	Rwanda Last Visita

	
	M (SD)
	M (SD)
	M (SD)
	M (SD)

	Overall
	
	
	
	

	n
	380
	99
	144
	144

	ageb
	13.6 (3.1)
	13.2 (3.5)
	12.8 (3.4)
	14.2 (3.1)***

	weight (kg)
	50.7 (15)
	39.4 (12.5)
	36.7 (13.3)*
	41.2 (12.8)

	height (cm)
	155 (16)
	138.5 (19.8)
	142.1 (17.0)*
	146.5 (15.6)***

	BMI
	20.6 (3.8)
	20.5 (5.1)
	17.7 (3.3)***
	18.7 (3.4)***

	Male
	
	
	
	

	n
	188
	42
	60
	60

	ageb
	13.4 (3.2)
	13.6 (3.5)
	12.8 (3.7)
	14.1 (3.3)

	weight (kg)
	51.3 (16.6)
	39.6 (11.9)
	34.4 (11.8)**
	39.3 (11.7)

	height (cm)
	156.4 (18.2)
	140.2 (20.7)
	140.3 (17.1)
	145.6 (17.1)*

	BMI
	    -----
	20.5 (5.8)
	17.2 (2.6)***
	18.1 (2.5)***

	Female
	
	
	
	

	n
	192
	57
	84
	84

	ageb
	13.7 (3)
	12.9 (3.5)
	12.9 (3.3)
	14.3 (3.0)***

	weight (kg)
	50.1 (13.3)
	39.3 (13)
	38.3 (14.2)
	42.5 (13.5)*

	height (cm)
	153.6 (13.3)
	137.4 (19.2)
	143.3 (16.8)**
	147.2 (14.4)***

	BMI
	20.8 (3.6)
	20.5 (4.6)
	18.1 (3.7)***
	19.0 (3.9)**

	a. Significantly different from Tanzanian  values * <.05, ** <.01 *** <.0001

	b. Participants age< 18 years




While there were significant differences between diabetic populations around the world, growth data must also be put into perspective with national level data as well.  Government collected data from the National Health and Demographic Survey from 2012 was compared to LFAC Rwandan data.  Table 5 shows that in all categories tested, children with diabetes have worse growth outcomes than the non-diabetic population (with the exception of the percent of underweight boys between the ages of 15-19), though this difference is not significant for all groups.  Striking is the large difference in percent of men underweight between the ages of 20-29, with diabetic rates doubling normal levels of underweight, and the two times higher rates of diabetic women under 145 cm.  In general, males appear to have marginally poorer growth measures than females.  

[bookmark: _Toc363390327]Table 7. Comparison to national population data from Rwanda
	
	mean BMIa
	
	% underweighta
	
	% under 145 cma

	 
	Normal 
	First
Visitb
	 
	Normal 
	First Visitb
	 
	Normal 
	First Visitb

	Men
	 
	
	 
	
	
	

	ages 15-19b
	19.3
	18.1 (2.6)**
	
	35.2
	30.5
	
	-----
	-----

	ages 20-29c
	21.3
	20.0 (2.3)***
	
	7.3
	16.8***
	
	-----
	-----

	Women
	
	
	
	
	
	

	ages 15-19b
	21.5
	19.6 (3.4)***
	
	12.6
	13.9
	
	7.2
	21.8***

	ages 20-29c
	22.6
	21.7 (3.8)**
	
	4.7
	5.9
	
	2.9
	7.8**


a. Significantly different from non-diabetic values * <.05, ** <.01 *** <.0001
b. Diabetic data restricted to ages 15-19
c. Diabetic data restricted to ages 20-27
[bookmark: _Toc363364566]Cross-Sectional Analysis
This section looks at correlates which could affect the growth outcomes of stunted, thin, and underweight based upon a cross-sectional analysis at first visit.  The univariate results are presented in Table 8.  Sex is a significant predictor for all growth outcomes, showing that males were 2.33 times more likely to be stunted (p<.0001), 2.27 times more likely to be thin (p<.0002), and 1.40 times more likely to be underweight (p<.03).  Age at visit had a small, but significant, associating with stunting and underweight, such that with every year increase in age at first visit, individuals are 6% less likely to be stunted (p<.04) and 17% less likely to be underweight (p<.0001).  Glycemic control was not important in predicting the presence of stunting, but seems predictive for reducing the odds of thinness by 14% (p<.02) and underweight by 12% (p<.0001).  Duration of diabetes and age at diagnosis were significant in predicting underweight with more years with diabetes decreasing the odds of underweight by 8% (p<.02) and older age at diagnosis increasing the percent of underweight by 8% (p<.009).  Weight was very important to understanding stunting, with increased weight decreasing stunting by 8% (p<.0001).
	When including relevant significant variables into a multivariate model sex (p<.006), age at visit (p<.03), and weight (p<.0001) remained significant in predicting stunting; sex (p<.0007) and HbA1c (p<.02) are significant for thinness; and being underweight is predicted by sex (p<.008), age at visit (p<.0001), and HbA1c (p<.0001), but no longer by duration of diabetes and age at diagnosis.  For variables that were significant predictors in both the univariate and multivariate model, there were no large differences in odds ratios strength and direction.    


[bookmark: _Toc363390328]Table 8. Multivariate cross-sectional analysis
	
	Stunted
	
	Thin
	
	Underweight

	Variable
	OR
	p
	
	OR
	p
	
	OR
	p

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

	Sex (=male)
	1.81
	<.0006
	 
	2.6
	<.0007
	
	1.64
	<.008

	
	(1.29-2.55)
	
	
	(1.50-4.50)
	
	
	(1.14-2.35)
	

	Age at visit
	0.93
	<.03
	
	0.96
	—
	
	0.82
	<.0001

	
	(0.87-0.99)
	
	
	(0.91-1.01)
	
	
	(0.79-0.86)
	

	HbA1c
	1.02
	—
	
	1.14
	<.02
	
	1.19
	<.0001

	
	(0.95-1.09)
	
	
	(1.03-1.26)
	
	
	(1.11-1.28)
	

	Duration of diabetes 
	1
	—
	
	1
	—
	
	1
	—

	
	(1.00-1.00)
	
	
	(1.00-1.00)
	
	
	(1.00-1.00)
	

	Age at diagnosis
	----
	----
	
	----
	----
	
	1
	—

	
	
	
	
	
	
	
	(1.00-1.00)
	

	Weight 
	0.93
	<.0001
	
	----
	----
	
	----
	----

	
	(0.91-0.94)
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[bookmark: _Toc363390329]Table 9. Univariate cross-sectional analysis at baseline
	
	
	
	
	Stunted
	
	Thin
	
	Underweight

	Variable
	n
	Descriptive Statistics
	
	OR
	p
	
	OR
	p
	
	OR
	p

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

	Sex (=male)
	334
	44.71%
	
	2.33
	<.0001
	 
	2.27
	<.0002
	
	1.40
	<.03

	
	
	
	
	(1.71-3.17)
	
	
	(1.47-3.49)
	
	
	(1.04-1.90)
	

	Age at visit
	747
	19.3 (4.7)
	
	0.94
	<.04
	
	0.97
	—
	
	0.83
	<.0001

	
	
	
	
	(0.88-0.996)
	
	
	(0.92-1.02)
	
	
	(0.80-0.87)
	

	HbA1c
	632
	10.8 (2.9)
	
	1.12
	—
	
	1.14
	<.02
	
	1.12
	<.0001

	
	
	
	
	(1.03-1.21)
	
	
	(1.03-1.26)
	
	
	(1.06-1.19)
	

	Duration of diabetesa 
	656
	31.1 (34.8)
	
	1.00
	—
	
	1.00
	—
	
	0.92
	<.02

	
	
	
	
	(1.00-1.00)
	
	
	(1.00-1.00)
	
	
	(0.86-0.99)
	

	Age at diagnosis
	656
	16.3 (4.9)
	
	1.00
	—
	
	1.00
	—
	
	1.08
	<.009

	
	
	
	
	(1.00-1.00)
	
	
	(1.00-1.00)
	
	
	(1.02-1.15)
	

	Weight 
	745
	47.7 (12.8)
	
	0.92
	<.0001
	
	----
	----
	
	----
	----

	
	 
	 
	 
	(0.91-0.94)
	
	
	
	
	 
	
	


a. Duration of diabetes in months
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[bookmark: _Toc363364567]Discussion
This study looks at how the Life For A Child program has affected growth in type 1 diabetic children and youth in Rwanda by looking at WHO prescribed growth definitions, comparisons to other international and national data, and by baseline cross-sectional assessment.  It is demonstrated that a large portion of the diabetic population suffers from impaired growth, both compared to other diabetic populations and the general Rwandan population.  Factors that predict growth impairment were also identified, notably sex, age at visit, and weight for stunting; sex, and HbA1c for thinness; and sex, age, HbA1c, and for underweight.  
A novel aspect of this study is its use of WHO definitions as growth outcomes.  Measuring growth through WHO levels provides two distinct advantages.  First, errors in data collection are minimized by looking at categorical variables.  While there is a margin of error with the raw values, it is unlikely that this error will place an individual into an incorrect category.  Second, using WHO definitions of stunting, thinness, and underweight allows for a unique analysis of growth that places an emphasis on achieving improved growth.  While it is useful to say that HbA1c correlates with weight, it is more powerful to be able to say that glycemic control predicts whether an individual will be too thin.  Numbers can mean many things, but being able to label something as detrimental to health provides a better measurement of where the health of these T1D children stands.  
Comparison to World and Rwandan Data.  One important result of this research is to place the growth outcomes of Rwandan children into context with the rest of the world.  Juxtaposed to the DiaComp study T1D growth in Rwanda is comparable to Tanzania, another resource poor country, but remains behind the rest of the diabetic world.  Malnourishment is endemic to Rwanda (34), therefore, the results establishing that diabetic children at first visit have poor growth outcomes as compared to non-diabetic Rwandans is important for allowing that it is indeed diabetes and not just country-level conditions that are affecting growth.  Having more general data on Rwandan populations would be useful and strengthen this argument, but the evidence provided from existing data is noteworthy.  
Role of Glycemic Control.  In this study, in accordance with several previous reports (21, 26), glycemic control as measured through HbA1c was shown to be a significant predictor of being thin or underweight, but not stunted (27, 29, 30), at baseline.  High values of HbA1c are indicative of persistent hyperglycemia, which is a common cause for weight loss in diabetic individuals.  The increased odds of thinness and underweight (weight dependent outcomes) with higher values of HbA1c can be explained by this relationship.  Studies which show that glycemic control does not affect height attribute growth impairment to poor nutrition and/or low levels of growth hormones.  The stunting results from the cross-sectional analysis are consistent with this idea, as HbA1c does not affect height attainment in both univariate and multivariate models, showing that while those with lower HbA1c scores were less likely to be thin and underweight even after controlling for other variables, glycemic control played no role in preventing stunting.  While stunting is not affected by glycemic control, its role in preventing thinness, underweight, and other diabetic complications makes maintaining metabolic control an aspect of diabetes management that cannot be emphasized enough.  
While HbA1c is an important factor to consider when looking at growth, nutrition is the other half of the story that was not able to be assessed in this analysis.  Being able to eat consistent, balanced meals is important to controlling diabetes, but virtually impossible in resource poor settings.  In addition, misinformation and fear of hyperglycemia has led some parents to not allow their children to not eat foods high in carbohydrates and starches, the most affordable and available foods in Rwanda.  For this reason, even children with access to food may be suffering from malnutrition.  On a practical level, it may be difficult to provide food for all diabetic children, but it is much more feasible to help children retain proper glycemic control and learn about proper diabetes management. Better understanding of the role of nutrition and its interactions with glycemic control are important for properly assessing growth and type 1 diabetes.     
Role of Sex.  Sex plays a very important role in measuring growth, with univariate and multivariate cross-sectional analysis showing that males are approximately 2 times more likely to be stunted, thin, and/or underweight.  While comparisons to world, Tanzanian, and normal Rwandan data did not directly compare males to females, males also appeared to have marginally more growth deficiencies.  What also makes this result interesting is the body of literature that shows that females have increased weight gain in puberty (23) and are likely to be overweight in adolescence (31).  There are unknown biological reasons that cause growth differences between genders, possibly differing reactions to artificial insulin or levels of steroid hormones (29, 43).  Adherence may be more difficult for males (43-45) given the amount of time they spend outside of an environment where it is feasible to check blood sugar and inject insulin.  Rwanda does not suffer from gender inequality, as seen by equal literacy rates (35), comparable mortality rates (35), and 56.3% female presence in parliament- the highest in the world (36).  These factors may help explain why females are not disproportionately suffering from poor growth, but further research needs to be done in order to understand why males are at such a disadvantage.  
Role of Age.  Age at visit is also an important predictor of stunting and underweight, though not thinness.  An increase in age is associated with a decrease in being stunted and underweight.  Some studies posit that while there are some small fluctuations in growth, growth tends to normalize as children reach adulthood (20, 27) and the average age at first visit was 19.3 years old, making this cohort less likely to have abnormal growth.  A second factor is that as these children become older and pass school age, they are more able to earn money themselves and purchase food.  Older children maybe more responsible in following some of the strict rules needed to manage diabetes, leading to improved outcomes.  
Role of Diabetes Duration and Age at Diagnosis.  The fact that duration of diabetes (as measured by the difference between the date of visit and year of diagnosis) and age at diagnosis played no role in any of the growth measures when other variables were controlled for, even though many of the studies on growth and T1D show an important role between duration of diabetes and growth, is surprising.  This unusual result is difficult to interpret for the durations are very short and likely include the honeymoon phase in some cases and a complex interaction may be occurring with puberty status and age at onset. Unfortunately we do not have complete puberty data.  Another possible factor is that the exact duration of diabetes could be unknown or incorrectly estimated as many of the patients are not diagnosed until the condition becomes so severe that hospitalization is required.  
Role of Weight.  Finally, weight plays a significant role in predicting stunting.  Weight gain represents the consumption of nutrition and proper nutrition can help facilitate vertical growth.  This result concurs with the body of literature that states that glycemic control is not the most important predictor of height, but that other factors like weight and growth hormones play a more important role (27, 37).  This result provided more direct evidence that it is important that children are receiving adequate and balanced nutrition so that weight gain can occur and prevent stunting.  Nevertheless, while variable such as age and HbA1c are controlled for the in the multivariate model, it is still possible that other unmeasured factors are influencing increased weight gain that are actually the real predictors of stunting, such as education or socioeconomic status.  While glycemic control is undoubtedly important, LFAC should look into incorporating a dietician into the diabetes clinic to help with height attainment and other important aspects of diabetes control.      
The results of this paper find that diabetes does greatly affect growth outcomes.  What makes this comparison difficult to put into context is the little knowledge available on growth of the non-diabetic Rwandan population.  While an effort to compare children with diabetes and those without in Rwanda was made and international growth standards were applied, it is likely that malnutrition and growth impairments are common among normal populations.  The presence of a distinct Rwandan comparator would strengthen the results of this study.  
	
[bookmark: _Toc363364568]Limitations and sources of Error
This paper utilizes data from a larger LFAC clinical endeavor.  There are many implications of using non-research data that need to be carefully considered when interpreting these analyses.  First, this data was not specifically collected to understand growth.  There are some important details, such as date of diagnosis and age of puberty, that are not recorded for many of the patients.  Other interesting variables such as food intake, levels of growth hormones, and parental height, were not collected at all.  Relevant inclusion and exclusion criteria were not applied either; celiac disease and Mauriac syndrome are two known co-existing conditions that could cause even more abnormal growth, but their presence or absence was not ascertained in this study.  In addition, while the number is surely small, pregnancy was also not indicated in patient files.  
LFAC began its work to help children and not conduct research and therefore accepts all children ages 0-25.  At its inception, the program was very small but expanded exponentially in just 5 years.  The rather young nature of this program has led to the majority of its participants having diabetes for years (mean=2.40, standard deviation=2.86) and likely receiving sub-optimal care in that time.  Before hearing of this program, many families were not able to care for a diabetic child and these children were left to essentially fend for themselves.  For these reasons, average age at first visit is closer to 19-20 years (the more precise age unknown as date of birth was fabricated as January 1 for almost all individuals) and from the sample (n=354) that did have puberty measured (though the reliability of this measure is questionable), approximately 81.8% of the children had passed puberty, an important milestone in the progress of growth, especially considering multiple studies have shown that age of diagnosis before or after puberty plays a role in growth attainment (21, 23).  Thus, the older age of this sample can make this study an unusual comparator to other research.  
An additional detrimental aspect of non-research data was its poor data quality caused by the lack of proper procedures.  Indeed, when the trial first began, height and weight data were not even collected.  In subsequent months, height and weight information was collected, but the level of accuracy remains questionable (height data was collected by markings with pencil on a wall).  Even with the current data sets, there are instances of children shrinking in height; while errors can easily be seen in height data, mistakes with weight data are harder to identify.  The discrepancy in height was manually checked and adjustments were made in SAS, but potential for error still remains.  Even with better equipment, especially for measuring height, other factors such as differences in measuring techniques or large hairstyles, can affect the accuracy of the reading.  The process of data management was also very convoluted and only in recent years has the emphasis to organize and store data been enforced, though many errors in data transcription still occur.   
Last, but not least, external factors imposed upon this study by resource poor settings are very important to keep in mind.  It was not always possible to conduct tests as needed due to unforeseen circumstances or lack of funding.  Power shortages and scarcity of A1C test kits are only a few of the troubles that continue to plague clinical care.  Most importantly, children do not have consistent and continued access to diabetes supplies or proper nutrition.  These two items are vital in order to properly manage diabetes, but there are no records to indicate how much food these children had every day and while reports of insulin use per week were made, it is known that there are stretches of time when children went without insulin.  In contrast to insulin administration in developed countries, insulin was rarely administered and adjusted to readings from a glucose meter.  For a majority of the program, most children did not (and still do not) have functioning glucose meters.  Not being able to quantitatively account for these factors does affect the outcome of this study, but also allows for a closer reflection upon how diabetes care would function in more resource poor settings.  

[bookmark: _Toc363364569]Conclusion
This paper sought to describe the current growth conditions of children with diabetes, compare the results to other values in literature, and to ascertain what factors correlate with growth.  To that cause, this study has shown that at first visit, 24.2% of children are stunted, 31.9% thin, and 29.0% underweight.  Children in the LFAC program in Rwanda do not fare as well as their peers around the world and fare slightly worse than Tanzanian children.  The diabetic patients also have significantly worse growth outcomes at first visit than age matched non-diabetic Rwandans.  Finally, sex, age, and HbA1c are significant predictors of underweight, and sex, and HbA1c are significant predictors of thinness, while sex, age, and weight are significant cross-sectional predictors of stunting.  These results are a valuable contribution to small number of papers available on growth and diabetes in resource poor settings.    
In the future, further research needs to be conducted to see how environmental factors, such as proper nutrition and adherence to insulin regimen, affect growth.  As growth is measured over time, with improved data quality and additional nutrition measures, longitudinal assessment of growth would be very interesting and meaningful.  In addition, further access to data on the growth of Rwandan children would lead to more conclusive results about abnormal growth results in T1D Rwandans.  Growth in children with diabetes in Rwanda is hindered by the presence of disease, but factors such as maintaining glycemic control, proper nutrition, and consistent insulin supply can help mitigate these factors.  Continuation of the LFAC program is essential to ensuring proper growth and health in the diabetic population of Rwanda.  
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