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Abstract

Background: Although the seasonality of type 1 diabetes has been described in most regions of the world, there are few data from sub-Saharan Africa. 
The aim of this study was to determine if there is a seasonality in the occurrence of type 1 diabetes, based on the “Changing Diabetes in Children” (CDiC) 
registry where all cases of type 1 diabetes in children and adolescents in Cameroon are registered since 2010. 

Methods: We identified the files of all children and adolescents enrolled in the CDiC project between October 2010 and December 2015. For each 
participant, we gathered information concerning demographic data and history of diabetes. In addition, we collected for each case the region of residence at 
the time of diagnosis, with the precipitation and temperature data corresponding to the month and year of diagnosis. A month was dry if the average monthly 
rainfall was <100mm and wet if the average monthly rainfall was ≥ 100mm. The data were analyzed using SPSS (Statistical Package for Social Sciences) 
software version 20.0. 

Results: Fourth hundred forty-six patients were included in the study. We found a repeating trends over the years with a low number of cases diagnosed 
during dry months (March to May) and a higher number of cases during wet months (August to October). Overall, most of the diabetes new cases occurred 
between August and November with a peak in September (69/446), while the lowest number of cases were diagnosed in April and May (23/446). There was 
a positive correlation between the number of new T1DM cases and the rainfall and a negative correlation with the mean temperature. 

Conclusion: Our data support the existence of a clear seasonal pattern in the onset and diagnosis of type 1 diabetes mellitus in Cameroon. Most of the 
new cases appear between August and October, which represent the cold and wet months.
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factors have an etiological role in the onset of T1DM in children 
[3]. While some authors claimed that cold could trigger some 
physiological seasonal changes that modulate carbohydrate and 
lipid metabolism leading to higher insulin resistance [17], others 
pointed the viral infections with seasonal variations such as 
Influenza viruses [18]. Other mechanisms such as raised winter 
levels of pituitary [19], adrenal [20] and thyroid hormones [21]. 
Although less important, a role for seasonal variation in exercise 
and nutrition has also been considered [22]. However, among 
the numerous studies reporting a seasonality of T1DM all over 
the world, there have been very few studies carried out in sub-
Saharan Africa as witnessed by the review of Moltchanova et 
al. [2]. The authors analyzed the seasonality in the diagnosis of 

INTRODUCTION 

Seasonality of Type 1 diabetes mellitus (T1DM) was first 
reported about one century ago in 1926 [1]. Following this 
report by Adams, several studies have confirmed the link 
between seasonality and T1DM in almost every region of the 
world [2-11]. For instance, there is compelling evidence for an 
association between seasonality and T1DM in Scandinavia [12-
15] which is most affected region by this condition across the 
world [16]. Most of these findings are consistent with a peak 
incidence during cold months as opposed to the warm months 
[4-6]. Based on the excessive onset in colder/darker months than 
in warmer/lighter months, it is suggested that environmental 
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type 1 diabetes, based on the incidence data in 0- to 14-year-old 
children, collected over one decade period (1990–1999) in one 
hundred and five centers from 53 countries worldwide [2]. As 
surprising as it may seem, of these 105 centers reporting data 
on the seasonality of T1DM worldwide, only one center was 
located in sub-Saharan Africa. This shows the scarcity or even 
the inexistence of data on the subject in our context. Moreover, 
since then, there is not a single study reporting exclusively the 
seasonality of T1DM in the region. Given that, there is a need 
to increase research output on the topic in Sub Saharan Africa 
region which is facing a rapid increase in T1DM cases and present 
a different climate profile from the Nordic countries where the 
majority of studies have been conducted [2]. Lontchi-Ymagou 
reported data on the relationship between diabetes admission 
rates and climate variations in Yaoundé, Cameroon [23]. 
However, this previous study reported seasonality of both types 
of diabetes and included a mixed population of children and 
adults and different hospital settings. This paper focuses on the 
seasonality of T1DM in children. The data were generated from 
the “Changing Diabetes in Children (CDiC)” project conducted in 
Cameroon from 2010. CDiC aims at providing free diabetes care 
to children and adolescents living with diabetes in Cameroon. 
Investigations inform us that there may be seasonal variation 
in the diagnosis of new cases, requiring the adaptation of 
approaches for this modelled care for T1DM. 

METHODS 

The research was retrospective. It was conducted from 
October 2010 to December 2015. 

Study population, settings, sampling, and procedures

The research was conducted on a population of children 
and adolescents living with T1DM and monitored as part of the 
“Changing Diabetes in Children” project in Cameroon. 

The research site was the Children Diabetic Clinic of the 
Yaoundé Central Hospital, where all data of diabetic children 
and adolescents monitored in the CDiC project are centralized. 
For each participant, we obtained monthly data of precipitation 
and temperature corresponding to the month and year of 
diagnosis according to the region of residence from the national 
meteorological database of the Weather Station of IRAD 
Nkolbisson, Yaoundé in Cameroon.

We identified the files of all children and adolescents enrolled 
in the “Changing Diabetes in Children (CDiC)” project between 
October 2010 and December 2015. For each participant, we 
gathered information concerning sex, age at diagnosis of 
diabetes, date of diagnosis of diabetes (month and year), region 
of residence at the time of diagnosis, circumstances of discovery 
of diabetes, blood sugar, ketonuria and HbA1c at diagnosis. In 
addition, we collected for each case the region of residence at the 
time of diagnosis, with the precipitation and temperature data 
corresponding to the month and year of diagnosis. A month was 
dry if the average monthly rainfall was < 100 mm and wet if the 
average monthly rainfall was ≥ 100 mm. 

Statistical analysis and calculations

The data were analyzed using SPSS (Statistical Package 
for Social Sciences) software version 20.0. The variables are 
presented as mean ± standard deviation. We assessed the 
correlation between the number of cases diagnosed per month 
and climatic parameters with the Pearson’s coefficient. The 
one-sample chi-square test was used to assess the uniformity 
of monthly totals and the two-sample Kolmogorov-Smirnov 
goodness-of fit test (K-S) was used to assess the similarity of 
monthly distribution between the years (24). A P-value ≤ 0.05 
was statistically significant. 

We processed the meteorological data using the following 
operations.

Average precipitation calculation

Pm = Σ Px / n

Where Pm = average precipitation in (mm).

n = number of years, months, seasons.

Px = amount of precipitation for a year x, a month x, a season x

Average deviation index.

Δx = (Px - Pm)

If Δx = 0 year / month / constant season.

Δx < 0 year / month / deficit or arid season.

Δx> 0 year / month / wet season.

Average temperature calculation

Tm = Σ (Tmax + Tmin) / 2 or Tm = Σ Tx / n

Where Tm = average temperature (°C)

Tmax = maximum temperature

Tmin = minimum temperature

Tx = temperature of a year x, a month x, a season x

n = number of years, months, seasons.

Ethical considerations

The Institutional Ethical Committee of the Université des 
Montagnes (ethical clearance number 2016/031/UdM/PR/CAB/
CIE) approved this study. As the study is retrospective and based 
on already collected data, informed consent is not mandatory.

RESULTS

Participants characteristics

Overall, 549 patients were enrolled in the CDiC project during 
the study period (2010 to 2015). We excluded one hundred and 
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three files that did not meet our selection criteria. Therefore, 446 
files were included in the final study. Among the 446 participants, 
239 (53.60%) were male and 207 (46.40%) females. The mean 
age at diagnosis for T1DM was 14.2±3.6 years. The youngest child 
diagnosed was one year old. Participants came from ten regions 
of Cameroon. Clinical presentation at diagnosis was polyuria and 
polydipsia for 269 patients (60.31%), followed by coma for 48 
patients (10.76%), ketoacidosis without coma for 39 patients 
(8.74%) and weight loss for 38 patients (8.52%). The mean blood 
sugar at diagnosis was 411.2±120.2 mg/dl with a minimum of 
200 mg/dl and a maximum of 842 mg/dl. The average HbA1c was 
at diagnosis was 11.6 ± 3%. 

Seasonal patterns of Type 1 diabetes mellitus cases 

We first studied the variation in the onset of T1DM cases over 
the five years of our study period. We found a repeating trends 
over the years with a low number of cases diagnosed from March 
to May and a higher number of cases from August to October 
(Figure 1). Overall, most of the diabetes new cases occurred 
between August and November with a peak in September 
(69/446), while the lowest number of cases were diagnosed in 
April and May (23/446) as illustrated in Figure 2. Finally, we 
study the correlation between temperature, rainfall, and diabetes 
cases. There was a positive correlation between the number of 
new T1DM cases and the rainfall and a negative correlation with 
the mean temperature (Figures 3a &3b). 

Then, we grouped the new cases according to the season of 
diagnosis (dry season or wet season). The number of new cases 
diagnosed during the wet season (302) was more than twice 
that of the dry season (144), showing a clear pattern with a 
trend toward an increase in T1DM onset during the wet season 
(p<0.001).

DISCUSSION 

This study investigated the seasonal variation in the diagnosis 
onset of type 1 T1DM in children and adolescents in Cameroon. 

We found a clear pattern of variation in new cases with a low 
number of cases diagnosed from March to May and a higher 
number of cases from August to October (peak in September) 
in each of the five years period of our study. In order to confirm 
a relation between this variation in onset and rainfall and/or 
temperature, we study the correlation between these parameters. 
There was a positive correlation between the number of new 
T1DM cases and the rainfall and a negative correlation with the 
mean temperature.

In the previously cited review by Moltchanova et al. [2], 
published in 2009, the authors were already highlighting the 
need of more data on the population living below the 30th 
parallel (north of South America and sub-Saharan Africa) in order 
to complete the picture as suggested by the final sentence of their 
abstract. Surprisingly, since then, there have been no reports 
on the topic in sub–Saharan Africa. The findings of the present 
study represent the first reports in sub–Saharan Africa on the 
seasonality of T1DM since the paper by McLarty in 1989 three 
decades ago. Our findings are consistent with those of McLarty 
et al., who reported a seasonal pattern in the presentation of 
patients with both insulin-requiring and non-insulin-requiring 
diabetic patients over a six-year period. Their peak months 
of presentation were also August through to November, with 
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Figure 1 Overall variation in diagnosis of type 1 diabetes during the 
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the greatest number of patients presenting in September and 
the smallest number in June, similar to our results [24]. The 
authors of this review suggested that there was a northern/
southern hemisphere dichotomy in the seasonality pattern of 
T1DM since their seasonal pattern appears to be dependent on 
the geographical position of the country. However, our findings 
are similar to those of the majority of studies from northern 
countries with a seasonal clear pattern and peak of T1DM cases 
during cold months and lower cases during warm months despite 
the fact that the maximal occurrence of cases might not be found 
at the same months [4,5,25]. The significant correlation between 
the number of new cases and the rainfall and temperature 
support the fact that seasons have a real influence on the onset 
of T1DM in our context. The onset of T1DM tends to increase 
during the cold season. Many studies in the literature pointed out 
viruses as the cause of these variations since they also present 
a seasonal pattern and have the ability to trigger an immune 
response leading to beta cell dysfunction and destruction [26]. 
A starting point to answer to this question can be obtained from 
an epidemiological perspective by putting a side by side a map of 
seasonal variations of those incriminated viruses and T1DM. This 
could support and pave the way for more in depth studies on the 
viral infections as a potential trigger for T1DM onset as it has to 
be done for type 2 diabetes and ketosis-prone atypical diabetes 
[27,28]. 

Our study has limitations. We did not stratify children or 
adolescents by age group as most of the other study, and this does 
not allow us to describe a clear pattern in each group of age since 
the seasonal variation can change according to age as shown by 
previous study [25,29]. However, our findings already revealed a 
global seasonal pattern during each of the five years of the study.

CONCLUSION

Our data support the existence of a clear seasonal pattern in 
the onset and diagnosis of Type 1 diabetes mellitus in Cameroon. 
Most of the new cases appear between August and October, 
which represent the cold and wet months. The confirmation of 
the seasonality of T1DM in sub-Saharan Africa is important data 
concerning the early diagnosis of the disease. Indeed, many cases 
remain undiagnosed due to the ignorance of signs and symptoms 
by health care professionals and the general population. 
Sensitization campaigns are useful to prevent misdiagnosis. In 
the context of seasonality, those campaigns would be more cost 
effective in months with high incidence. 

Data Availability

The datasets generated and/or analyzed during the current 
study are available from the corresponding author on reasonable 
request.
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