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Abstract
Introduction

Type 1 diabetes in Africa has been associated with high mortality attributed mainly to poor insulin
access. Free insulin provision programmes for people with type 1 diabetes have been introduced
across Africa recently. We aimed to determine the mortality rate and associated factors in a cohort of
children and adolescents with type 1 diabetes who receive free insulin treatment in sub-Saharan
Africa.

Methods

We conducted a retrospective analysis using the Changing Diabetes in Children (CDiC) medical records
in Cameroon between 2011 and 2015.

Results

The overall mortality rate was 33.0 per 1000 person-years (95% Cl 25.2 — 43.2). Most deaths (71.7%)
occurred outside of the hospital setting, and the cause of death was known only in 13/53 (24.5%).
Mortality was substantially higher in CDiC participants followed up in regional clinics compared to the
main urban CDiC clinic in Yaounde; 41 per 1000 years (95% Cl 30.8-56.0) vs 17.5 per 1000 years (95%
Cl 9.4-32.5), and in those with no formal education compared to those who had some level of
education; 68.0 per 1000 years (95% Cl 45.1-102.2) vs 23.6 per 1000 years (95% Cl 16.5-33.8). In Cox
proportional multivariable analysis, urban place of care (HR=0.23, 95% CI 0.09 — 0.57; p=0.002) and
formal education (HR=0.42, 95% ClI 0.22 — 0.79; p=0.007) were independently associated with
mortality.

Conclusion

Despite free insulin provision, mortality remains high in children and adolescents with type 1 diabetes
in Cameroon and is substantially higher in rural settings and those with no formal education.
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Introduction

Type 1 diabetes commonly affects children and adolescents, although it can occur at any age (1). The
epidemiology of the condition varies from one geographical region to another. Africa is thought to
have the lowest prevalence and incidence of the disease (2). The incidence is estimated at 1.5-10 per
100 000 in sub-Saharan Africa (3). Conversely, the mortality rate associated with type 1 diabetes in
sub-Saharan Africa (SSA) is historically very high, attributed mainly to poor insulin access (4, 5).

Efforts to improve insulin access over the last two decades in SSA and other resource-depleted settings
have seen the birth of insulin donation schemes spearheaded by insulin-manufacturing companies (in
collaboration with different charity organisations and local ministries of health) (6). For example, in
2009, Novo Nordisk launched the Changing Diabetes in Children (CDiC) programme. This programme
aimed to provide comprehensive diabetes care and education, including free insulin treatment to
children and adolescents with type 1 diabetes (age of onset less than 18 years) in selected countries
in South-East Asia and sub-Saharan Africa (7). However, the impact of these programmes on mortality,
and factors associated with mortality in the presence of free insulin provision are unknown.

The CDiC programme started in Cameroon in June 2010. Before this date, there was little available
data on type 1 diabetes in children and adolescents, with many cases lost to follow-up with no
concurrent medical record system or data registry (8). By December 2015, 9 clinics had been
established with 535 children enrolled. Alongside insulin and equipment required for its
administration, CDIC participants are also provided with glucose meters and test strips, and offered
basic diabetes education at program enrolment. We, therefore, aimed to assess the impact of the
CDiC programme on mortality and associated factors among a cohort of children and adolescents with
type 1 diabetes in Cameroon.

Methods
Design, setting, study population, and ethical consideration

This retrospective study used the Changing Diabetes in Children (CDiC) paper-backed medical record
registry system in Cameroon between 2010 and 2015. The total number of cases enrolled was 535.
After verification, 18 medical records were excluded because of double entries and 517 were used for
the final statistical analysis. The National CDiC coordination unit provided authorisation to use data
for research purposes.

Data collection

The data collection process consisted of reviewing the medical records (from all 9 CDiC clinics in
Cameroon) of the individual CDiC cases and capturing relevant data onto a pre-established extraction
sheet. These included data on sociodemographic characteristics (place of care, educational profile,
age at diabetes diagnosis, diabetes duration, age at enrolment, glycaemic control, presence or
absence of chronic complications and vital status). Glycaemic control (HbA1lc) was retrieved from the
medical records at two time points; at CDiC enrolment and the last follow-up visit. We also retrieved
information on the presence or absence of chronic complications (neuropathy, retinopathy,
nephropathy, and diabetes foot) at entry into the CDiC programme. CDiC clinicians assessed these as
part of their continuum of care. In addition, data on the cause and place of death were recorded where
applicable. The cause of death was obtained from the medical records of the deceased CDiC
participants.

Statistical analysis

The mortality rate was determined by reporting the number of deaths to the number of cases followed
up during the study period. The duration of follow-up was calculated from the date of enrolment into



the programme until the censoring date (December 31, 2015) or date of death. Cox proportional
hazard models were used to examine factors associated with mortality.

Results
Baseline sociodemographic and clinical characteristics of the study population

Table 1 shows the characteristics of the CDiC participants at baseline and at follow up for the whole
group and split by survivors and non-survivors. The proportion of males was 53.2%. The median
(interquartile) age at diabetes diagnosis and duration of diabetes at death or censoring were 15.0
(12.5-17.1) years and 4.0 (2.3-6.0) years, respectively. The median duration of diabetes at enrolment
into the CDiC programme was 0.24 (0.03-2.09) years. The median HbAlc at entry into the CDiC
programme and last recorded follow-up visit was 11.5% (8.5-14.0) and 9.6% (7.5-13.4). Thirty-one
participants (6.0%) were reported to have at least one chronic complication at CDiC enrolment.

Clinic location or place of care out of Yaounde (meaning at a regional CDiC clinic) and lack of formal
education were significantly more common in those who died (non-survivors), with no differences
seen for the other factors examined such as sex, age at diabetes diagnosis, and presence of
complications.

Mortality rate, place and causes of death

Overall, 53 deaths (10.3%) were recorded over the follow-up period. The median (interquartile)
follow-up period of the CDiC participants at death or censoring was 3.3 (2.0-4.3) years. The overall
mortality rate was 33.0 per 1000 person-years (95% Cl 25.2-43.2). Mortality was substantially higher
in CDIC participants followed up in regional clinics compared to the main urban CDiC clinic in Yaounde;
41 per 1000 person-years (95% Cl 30.8-56.0) vs 17.5 per 1000 person-years (95% Cl 9.4-32.5). CDiC
participants with no formal education had higher mortality rates than those with some level of
education; 68.0 per 1000 person-years (95% Cl 45.1-102.2) vs 23.6 per 1000 person-years (95% ClI
16.5-33.8). Most deaths (71.7%) occurred outside the hospital setting, and the cause of death was
known only in 24.5% (13/53) of cases. The known causes of death were chronic kidney disease in 2
participants, chronic liver disease in 1 participant, hypoglycaemia in 1 participant, infection in 3
participants and diabetic ketoacidosis in 6 participants.

Factors associated with mortality

Table 2 shows the factors associated with mortality using the Cox proportional hazard models. In
Univariate analysis, only place of care and education level were associated with mortality. In
multivariable analysis, with additional adjustment for age at diabetes diagnosis and sex, the urban
place of care vs rural (HR=0.23, 95% ClI 0.09 — 0.0.57; p=0.002) and formal education vs no formal
education (HR=0.42, 95% CI 0.22 — 0.79; p=0.007) were both independently associated with mortality.

Discussion

Our study showed that the crude mortality estimate in the Changing Diabetes in Children programme
over the follow-up period was 30.0 per 1000 person-years. Furthermore, the place of care (clinic
location) and educational profile were strongly and independently associated with mortality. These
findings suggest that mortality in type 1 diabetes remains substantially high compared to that seen in
developed countries despite free insulin provision and that mortality is strongly associated with the
clinical care setting and education. These findings also underscore marked inequalities that need to
be addressed to provide equitable healthcare services for children and adolescents with diabetes in
sub-Saharan Africa.



Limitations of this study include that we had limited information on the baseline characteristics of the
CDiC participants, with a lack of formal assessment of factors like social status and diabetes education,
meaning that potentially important predictors of mortality could not be examined. A further limitation
is that the cause of death was not available for the majority of the participants, limiting our
understanding of the different aetiologies of death.

However, the mortality estimate in our study is lower than many previous studies conducted before
free insulin provision programmes in Africa (9, 10). Historical data suggests that mortality linked with
type 1 diabetes was as high as 80% in many African countries in the 1990s before the advent of these
programmes (5). This situation would be similar to that seen in the pre-insulin era in the western
world. However, type 1 diabetes mortality remains substantially higher in sub-Saharan African
countries than in developed countries (11)(12). In Rwanda's Life for a Child (LFAC) programme, the
mortality rate was 13.9 per 1000 person-years between 2009 and 2011 (10). Though lower than our
mortality estimate, this figure remains substantially high compared to that seen in high-income
countries (13-15). In our study, the cause of death was unexplained in three-quarters of the cases.
This may be because almost all unexplained death cases occurred out of the hospital, meaning they
probably died at home from diabetes-related causes. This suggests a need to educate parents of
children and adolescents with diabetes to seek proper and adequate care when experiencing illness.

Our study showed that the overall glycaemic control of the CDiC participants improved from the time
of enrolment to the last recorded follow-up visit. Overall glycaemic improvement has previously been
reported in CDiC and similar programmes across Africa (8, 16). Although there was an overall
improvement in the glycaemic control in our study, mortality was still very high, suggesting that other
factors may drive mortality. Also, the median age of onset of diabetes in our study was 15 (12-17)
years. This is higher than reported in many Caucasian studies but similar to other African studies (17,
18). Some authors have suggested that a later age of onset seen in sub-Saharan Africa may be because
younger-aged children are most likely to die due to misdiagnosis.

Mortality was higher in CDiC participants with no formal education and those followed up at a regional
CDiC clinic. Regional CDiC clinics primarily serve rural settings as opposed to the main CDiC clinic in
Yaounde. The CDiC clinic in Yaounde serves as the central coordination hub for the CDiC programme
in Cameroon. Yaounde is the capital city of Cameroon and arguably has a higher aggregate density of
social and healthcare amenities than the other regions of the country (19). Access to healthcare and
social support systems is generally better in urban than in rural settings in sub-Saharan Africa (20).
The main urban CDIiC clinic in Yaounde is staffed by dedicated nurses, dieticians, specialist
diabetologists, and paediatric endocrinologists. In contrast, the regional CDiC clinics are staffed mainly
by nurses and are less well resourced, without access to the same level of care. Paediatric diabetes
care is generally best offered by a multi-disciplinary team comprising a Paediatric Endocrinologist, a
diabetes nurse educator and a dietician according to the International Society for Paediatric and
Adolescent Diabetes (ISPAD) guidelines (21). However, many sub-Saharan African countries, including
Cameroon, may not have adequate human resources to implement the ISPAD guidelines for many
years to come. Thus, care might likely be further improved by focusing on the effective redistribution
of trained healthcare workers and on ongoing education of staff, patients, and families. Our results
suggest that targeting these efforts towards rural clinics and CDiC participants without formal
education will be particularly important to improve outcomes for those at the highest mortality risk.

Conclusion

Despite free insulin provision, mortality remains high in children and adolescents with type 1 diabetes
in Cameroon and is substantially higher in rural settings and those with no formal education.



References

1. Thomas NJ, Jones SE, Weedon MN, Shields BM, Oram RA, Hattersley AT. Frequency and
phenotype of type 1 diabetes in the first six decades of life: a cross-sectional, genetically stratified
survival analysis from UK Biobank. Lancet Diabetes Endocrinol. 2018;6(2):122-9.

2. Peer N, Kengne AP, Motala AA, Mbanya JC. Diabetes in the Africa Region: an update.
Diabetes Res Clin Pract. 2014;103(2):197-205.
3. Maijaliwa ES, Elusiyan BE, Adesiyun OO, Laigong P, Adeniran AK, Kandi CM, et al. Type 1

diabetes mellitus in the African population: epidemiology and management challenges. Acta
Biomed. 2008;79(3):255-9.

4, Beran D, Yudkin JS, de Courten M. Assessing health systems for type 1 diabetes in sub-
Saharan Africa: developing a 'Rapid Assessment Protocol for Insulin Access'. BMC Health Serv Res.
2006;6:17.

5. Makame MH. Childhood diabetes, insulin, and Africa. DERI (Diabetes Epidemiology Research
International) Study Group. Diabet Med. 1992;9(6):571-3.

6. Hogerzeil HV, Recourt S. The importance of insulin donations for children in 43 low- and
middle-income countries. J Public Health Policy. 2019;40(2):253-63.

7. Novo Nordisk. Press release: Novo Nordisk estends programme for children with diabetes in
developing countries; 2014. http://www.novonordisk.com/bin/getPDF.1910622.pdf. Assessed 26
August 2019

8. Lontchi-Yimagou E, Mapa-Tassou C, Dehayem MY, Essi MJ, Saji J, Takogue R, et al. The effect
of free diabetes care on metabolic control and on health-related quality of life among youths with
type 1 diabetes in Cameroon. BMJ Open Diabetes Res Care. 2017;5(1):e000397.

9. Gill GV, Huddle KR, Monkoe G. Long-term (20 years) outcome and mortality of Type 1
diabetic patients in Soweto, South Africa. Diabet Med. 2005;22(12):1642-6.

10. Mclarty DG, Kinabo L, Swai AB. Diabetes in tropical Africa: a prospective study, 1981-7. II.
Course and prognosis. BMJ. 1990;300(6732):1107-10.

11. Marshall SL, Edidin DV, Arena VC, Becker DJ, Bunker CH, Gishoma C, et al. Mortality and
natural progression of type 1 diabetes patients enrolled in the Rwanda LFAC program from 2004 to
2012. Int J Diabetes Dev Ctries. 2017 Dec 1;37(4):507-15.

12. Balde N, Nguewa J, Diallo A, Kourouma M, Camara A, Camara A, et al. CAD-02: Survie a 5 ans
apreés le diagnostic d’'une cohorte de 306 jeunes diabétiques en Guinée. Diabetes & Metabolism.
2016 Mar 1;42:A24.

13. Lung TW, Hayes AJ, Herman WH, Si L, Palmer AJ, Clarke PM. A meta-analysis of the relative
risk of mortality for type 1 diabetes patients compared to the general population: exploring
temporal changes in relative mortality. PLoS One. 2014;9(11):e113635.

14. Morgan E, Black CR, Abid N, Cardwell CR, McCance DR, Patterson CC. Mortality in type 1
diabetes diagnosed in childhood in Northern Ireland during 1989-2012: A population-based cohort
study. Pediatr Diabetes. 2018;19(1):166-70.

15. Nishimura R, LaPorte RE, Dorman JS, Tajima N, Becker D, Orchard TJ. Mortality trends in type
1 diabetes. The Allegheny County (Pennsylvania) Registry 1965-1999. Diabetes Care. 2001;24(5):823-
7.

16. Marshall SL, Edidin DV, Arena VC, Becker DJ, Bunker CH, Gishoma C, et al. Glucose control in
Rwandan youth with type 1 diabetes following establishment of systematic, HbAlc based, care and
education. Diabetes Res Clin Pract. 2015;107(1):113-22.

17. Balcha SA, Demisse AG, Mishra R, Vartak T, Cousminer DL, Hodge KM, et al. Type 1 diabetes
in Africa: an immunogenetic study in the Amhara of North-West Ethiopia. Diabetologia.
2020;63(10):2158-68.

18. Padoa CJ, Rheeder P, Pirie FJ, Motala AA, van Dyk JC, Crowther NJ. Identification of a
subgroup of black South Africans with type 1 diabetes who are older at diagnosis but have lower
levels of glutamic acid decarboxylase and islet antigen 2 autoantibodies. Diabet Med.
2020;37(12):2067-74.



http://www.novonordisk.com/bin/getPDF.1910622.pdf

19. Tandi TE, Cho Y, Akam AJ, Afoh CO, Ryu SH, Choi MS, et al. Cameroon public health sector:
shortage and inequalities in geographic distribution of health personnel. Int J Equity Health.
2015;14:43.

20. Yaya S, Uthman OA, Okonofua F, Bishwajit G. Decomposing the rural-urban gap in the
factors of under-five mortality in sub-Saharan Africa? Evidence from 35 countries. BMC Public
Health. 2019;19(1):616.

21. ISPAD Consensus Guidelines for the Management of Type 1 Diabetes Mellitus in Children
and Adolescents. Zeist, The Netherlands: Medical Forum International; 2000. pp. 29-32.



Table 1: Table showing the characteristics between survivors and non-survivors in the CDiC
programme in Cameroon.

Characteristics Survivors Non-survivors P Value
(n=464) (n=53)

Baseline Characteristics

Sex — Male, n (%) 251 (54.1) 24 (45.3) 0.22
Clinic Location - Out of Yaounde, n (%) 294 (63.4) 43 (81.1) 0.01
Educational profile — Received formal = 340 (73.3) 30 (56.6) 0.01
education, n (%)

Age at diabetes onset (years) 15.1 (12.5-17.3) 13.5(10.8-15.2) 0.66
At least 1 chronic complication, n (%) 27 (5.8) 4(7.5) 0.62

At CDiC Enrolment

Age at entry into programme (years) 16.7 (14.4-18.1) 15.6 (13.7-17.6) 0.41
Duration of diabetes at entry into 0.23 (0.03-2.09) 0.59 (0.04-2.00) 0.57
programme (years)

HbA1lc at entry into programme, (%) 11.5 (8.5-14.0) 11.4 (7.6-14.0) 0.54
HbA1c at last follow-up visit, (%) 9.7 (7.6-13.4) 8.8 (6.1-11.8) 0.28

Follow-up Characteristics

Age at death (years) // 18.2 (16.0-20.8) //
Overall diabetes duration (years) 4.1 (2.4-6.0) 3.1(1.1-4.6) //
Duration of diabetes within the CDiC 3.5(2.1-4.3) 2.1(0.7-3.0) //

programme (years)
Results are presented in frequency (percentage) and median (interquartile ranges). CDiC: Changing
Diabetes in Children, HbAlc: Glycated haemoglobin.




Table 2: Cox regression analysis showing factors associated with mortality in the CDiC programme
in Cameroon

Characteristics Hazard Ratio 95% ClI P-Value

Univariable Model

Sex 0.74 0.42-1.26 0.27
Age at diabetes diagnosis 1.02 0.94-1.11 0.58
Age at entry into the CDiC 0.99 0.89-1.12 0.96
programme

Duration of diabetes at entry 0.98 0.87-1.09 0.71
into the CDiC programme

HbA1c at entry into the CDiC 0.94 0.84-1.07 0.39
programme

HbA1c at last recorded visit 0.92 0.78-1.07 0.29
Presence of complications 1.05 0.37-2.92 0.92
Educational profile 0.37 0.22-0.66 0.001
Clinic location 0.41 0.20-0.82 0.01

Multivariable Model

Sex 0.87 0.47 -1.59 0.65
Age at diabetes diagnosis 0.99 0.92-1.07 0.94
Educational profile 0.42 0.22-0.79 0.007
Clinic location 0.23 0.09-0.57 0.002

CDiC: Changing Diabetes in Children, HbAlc: Glycated haemoglobin.



