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Abstract

Aim: To study the seasonal characteristics of hyperglycemic decompensations in the endocrinology department of the
CNHU-HKM of Cotonou.

Materials and methods: It was a cross-sectional, descriptive, and study of diabetic patients hospitalized from
January 1, 2010 to December 31, 2019. Diabetic patients hospitalized for ketosis decompensation and/or hyperglycemic
hyperosmolar syndrome were included in this study. The meteorological data used were obtained from the climate
observation network of the Direction de la Météorologie Nationale (DMN) du Bénin. We have considered the means of
rainfall and temperature per month and per year.

Results: A total of 613 patients were included during the study period. The mean age of the patients was 46.77+15.84
years. The frequency of hyperglycemic hyperosmolar syndrome and ketoacidosis was 14.7% and 69.5% respectively.
Hyperglycemic crises were more frequent during the rainy season and periods of low temperature. The main precipitating
factors were infections and non-adherence to treatment. The main infectious sites involved in hyperglycemic crises were
pulmonary (19%), urogenital (21.3%) and malaria (26.8%). The frequency of these different infections was higher during
the rainy season with a statistically significant difference (p=0.02) for malaria.

Conclusion: The frequency of hyperglycemic crises was high and had a seasonal distribution. The most frequent
precipitating factors were infections and non-adherence to treatment. Those factors were more frequent in the rainy
season.
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Introduction remain predominant and are mainly urogenital infections, pneumonia and
malaria [2, 3, 7,8]. The seasonal period for each acute infectious disease
is determined by geographical locations [9]. Results from earlier studies
demonstrate a strong and consistent association between the climatic
seasons and the glycemic conditions. For instance, Kalliora et al [10] and
Mianowska et al [11] in 2011 reported the lowest values of glycated

Diabetes mellitus is a public health problem that concerns every
continent. According to the International Diabetes Federation (IDF), the
number of people living with diabetes will rise from 19 million in 2019
to 47 million by 2045 [1] in Africa region. Its course can lead to

complications such as hyperglycemic crises including - diabetic  pemag10pin (A1C) in summer and the highest values in winter in their
ketoacidosis and hyperglycemic hyperosmolar syndrome [2]. In West g qjes studies involving children and adults with TIDM. In 2013, a study

Africa, the preyalence of ketqacidosis is high and ranges from 28.'99% 0 4£8020 children in Sweden had reported that 53% of new cases of type 1
59.1% depending on the studies [2-4]. Many factors are involved in these  jiapetes were diagnosed during the autumn and winter months [12]. In a

acute complications; the most frequent are infections, non-adherence t0 racant sudy in Cameroon, a slight increase in the incidence of diabetes
treatment and lack of recognition of the disease [2, 5, 6]. Infectious causes
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was found during the rainy season, with more cases during the month of
October which is characterized by heavy precipitations [13]. The
objective of this study was then to determine the seasonal pattern of
diabetic hyperglycemic crises in the climatological data of Benin.

Materials and methods

This study was carried out in the endocrinology and metabolism
department of the Hubert Koutoukou Maga National University Hospital
Center (CNHU) in Cotonou. It was a cross-sectional, descriptive study of
diabetic patients hospitalized from January 1, 2010 to December 31, 2019.
Diabetic patients hospitalized for Kketosis decompensation and/or
hyperglycemic hyperosmolar syndrome were included in this study.

Study population was constitued by patients with diabetes of both genders
hospitalized in the endocrinology and metabolism department of the
Hubert Koutoukou Maga National University Hospital Center (CNHU) in
Cotonou. Data were collected using a questionnaire established for the
needs of the study Inclusion criteria All diabetic patient who has been
hospitalized during the study period was included. Exclusion
criteriaPatients with an incomplete medical records were not
includedSample size we have done a complete recruitment of all cases of
ketosis decompensation and Hyperosmolar hyperglycemic syndrome
during the study period.

The ketosis decompensation of diabetes mellitus was defined by a
glycemia > 250 mg/dL and a ketonuria > two crosses with positive
glycosuria [14].

Hyperosmolar hyperglycemic syndrome was defined by a hyperglycemia
greater than or equal to 600 mg/dL and an osmolarity greater than 320
mOsmol/L [15].

When the patient presented with both ketotic decompensation and
hyperosmolar hyperglycemic syndrome, we retained a combined
decompensation.

The following variables were collected: age, gender, profession, duration
of diabetes, type of diabetes, decompensation factors, blood glucose,
glycosuria, ketonuria, test for malaria, bacteriological analysis of urine,
chest X-ray, blood culture.

Infectious sites were classified as follows
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Pneumonia was considered when there were clinical symptoms
suggestive such as fever, chest pain, sputum cough, and pulmonary
condensation syndrome, systematized opacities, non-retractile with or
without a bronchogram on the chest X-ray

The urinary tract site was retained in the presence of mictional burning,
pollakiuria, dysuria, or hypogastric pain, with a bacteriological analysis
of urine showing >10* leukocyturia and >105 bacteriuria [16].

The genital site was retained in a woman with symptoms such as vulvar
pruritus, leukorrhea.

The meteorological data used were obtained from the climate observation
network of the Direction de la Météorologie Nationale (DMN) du Bénin.
The climatological parameters considered were temperature (in °C) and
the rainfall (in mm). The average monthly values of these parameters for
each year has been considered. Cotonou is characterized by two rainy
seasons and two dry seasons: a long rainy season from mid-March to mid-
July; a short dry season which begins in mid-July and ends at the end of
August; a short rainy season that starting in September and ends in mid-
November; and a long dry season that runs from mid-November to mid-
March [17].

Statistical analysis

The source of data was the records of hospitalized diabetic patients and
the hospitalization register, and for the climatological data, the climate
observation network of the National Meteorological Department (DMN)
was used. We checked the consistency of the data and outliers and
duplicates were removed. Data management and analysis were performed
using SPSS software version 21 and R software version 3.6.1. The
qualitative variables had been described as proportions and the
quantitative variables as position parameters. Comparisons of means were
made using the t-test and comparisons of proportions were done using the
Chi-square test or Fisher's test as required. A p value <0.05 was
considered significant. Since climate data for the last year (2019) were
not available, the seasonal variations study was therefore based on the
period from 2010 to 2018 including 90.70% (556/613) of patients.

Results
Study population characteristics

A total of 613 patients were included during the study period. The mean
age of the patients was 46.77+15.84 years, and there was a slit
predominance of women the other general characteristics of the study
population are shown in Table 1.

Parameters

Meanz SD
Or %

Age (year)

46.77 +15.84

Sex ratio

0.9

Duration of diabetes

4.50 + 8.08

Type of diabetes
Type 1
Type 2
Others

12.5
86.4
1.1

Type of hyperglycemic
crises
Ketosis
Hyperosmolar
hyperglycemic syndrome
Combined
decompensation

69.5
14.7
15.8

Hyperglycemic crises
revealing diabetes

38.3

Mean glycemia (mg/dL)

442 + 131
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Level of ketonuria
++ 241
+++ 49.3
++++ 26.6
Mean osmolarity 342.73 £23.59
(mOsmol/L)
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Table 1: General characteristics of patients admitted for diabetic decompensations

Hyperglycemic crises and seasons

The frequency of hyperglycemic crises was high during the rainy seasons
(Figure 1 and 2). Moreover, the number of cases of hyperglycemic crises
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was positively correlated with rainfall and low temperatures (August)

(figure 3).
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YEAR

M Rainy season

M Dry saison

Figure 1: Seasonal patterns of hyperglycemic crises during the period 2010 — 2018
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Figure 2: Monthly trends in hyperglycemic crises during the period 2010 — 2018
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Figure 3: Distribution of hyperglycemic crises according to temperature and rainfall during the period 2010 — 2018

Precipitating factors of hyperglycemic crises and seasons

The main precipitating factors for hyperglycemic crises were infections (59.32%), non-adherence to treatment (19.32%) and malaria was the most
frequent infection (26.8%). (Table 2)

Precipitating factors N (%)
Infections 353 (59,32)
Non-adherence to treatment 115 (19,32)
No factor identified 53 (8,9)
Ignorance of diabetes 43 (7,20)
Intercurrent disease 21 (3,52)
Corticotherapy 5(0,84)
Infectious sites

Urogenital 82 (21,30)
Pulmonary 73 (19,0)
Diabetic foot 43 (11,10)
Malaria 103 (26,80)
Others 68 (17,50)
None 15 (3,9)

Table 2: Distribution of the different precipitating factors of hyperglycemic crises.

The frequency of malaria, urogenital infections and pneumonia was higher during the rainy season and respectively represented 60.19%, 62.20% and
58.90% of cases with a statistically significant difference for malaria. (Table 3)

Infectious Seasons p

sites Long rainy | Long dry | Short rainy | Short dry | Overall dry | Overall rainy
season season season season season season

Urogenital 41.46% 30.49% 20.73% 7.31% 37.80% 62.20% 0.38

Pulmonary | 41.09% 34.25% 17.81% 6.85% 41.10% 58.90% 0.06

Malaria 45.63% 29.13% 14.56% 10.68% 39.81% 60.19% 0.02

Table 3: Distribution of the main infectious sites according to the seasons of the year.
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Discussion

We have determined from retrospective hospital data over a decade the
prevalence and the precipitating factors of hyperglycemic crises
according to the different seasons of the year in a tropical region among
diabetic patients. The current study found that the prevalence of
hyperglycemic crises was higher during rainy seasons and periods of cold
weather.  Another important finding was the high prevalence of
infections, in particular malaria, in diabetic patients during rainy seasons.

Indeed, 57.19% of the cases of hyperglycemic crises had been diagnosed
during the rainy season versus 42.81% of them during the dry season.
When considering the climatological data of rain and temperature, the
number of cases of decompensation was positively linked to the
precipitation (Figure 5). These results are in agreement with Lontchi-
Yimagou et al [13] findings in Cameroon which showed a high incidence
of hyperglycemic crises during October, a month of heavy rainfall in their
study. This high number of cases during periods of heavy rainfall could
be related to the increased frequency of the most important precipitating
factors such as infections (59.32%). A possible explanation for this might
be that infections induce hyperglycemia by a considerable increase in the
global metabolism and turnover of glucose, while its oxidation is barely
increased [18]. Another possible explanation for this is that other seasonal
conditions may contribute to hyperglycemia. Indeed, these conditions
may include eating habits and lifestyle changes. In the rainy season, there
is a decrease in physical activity due to frequent rainfall and a proneness
to consumption of high-calorie meals that could contribute to
hyperglycemia [13].

Low temperatures (July-August-September), especially in August, were
also associated with a higher number of cases of hyperglycemic crises
whereas precipitation decreased (Figure 5). These findings are in
agreement with those obtained by other authors such as Butalia et al [19]
and Chin-Li Lu et al [20]. Butalia et al. [19] reported an increase in the
incidence of cases of ketoacidosis in type 1 diabetics during the winter,
and especially during the month of December. Chin-Li Lu et al. [20].
noted a higher incidence of hyperglycemic crises in the winter compared
to the summer. However, there are studies that report an increase in the
incidence of ketoacidosis in equatorial countries. These authors suggest
that the high temperature in equatorial countries results in more rapid
dehydration and acute hyperglycemia, more particularly in young
children [21, 22].

The main infectious sites involved in hyperglycemic crises were
pulmonary (19%), urogenital (21.3%) and malaria (26.8%). These results
are in keeping with previous observational studies [8,22]. This also
accords with our recent and earlier observations, which showed similar
prevalences of pulmonary and urogenital sites (18.04% and 23.3%
respectively) [2]. Moreover, in the same study, malaria was the most
frequent infection (32.33%). The frequency of infections, especially
malaria, was higher during the rainy season. Seasonality of infections is
well known and described in the literature. These variations seem to be
related to environmental conditions, including temperature, precipitation,
humidity, insolation, pH and salinity [24]. In the United States, the
prevalence of bacterial pneumonia is higher during the mid-winter period
[25]. Seasonal variations of malaria are well known in Africa and climate
being the main factor influencing the development of malaria. Malaria is
a disease closely linked to the availability of liquid water in the
environment and to favorable temperatures for the development of
Anopheles mosquitoes which are malaria transmitters [26]. The rainy
season seems to provide the necessary conditions for the development of
these mosquitoes, resulting in high malaria transmission during this
period. The metabolic impact in the diabetic patient is hyperglycemia,
which may lead to hyperglycemic crises.
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Conclusion

This is the first study that has documented the seasonalty of
hyperglycemic crises and their precipitating factors in Benin. The
frequency of hyperglycemic crises was high and seasonally related. The
incidence of hyperglycemic crises was higher during the rainy season.
The most frequent precipitating factors were malaria and non-adherence
to treatment. Educating diabetic patients about mosquito control and the
use of insecticide treated bed nets could contribute to reducing the
frequency of decompensation, especially during the rainy season.

References

1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin
Setal. (2019). Global and regional diabetes prevalence estimates
for 2019 and projections for 2030 and 2045: results from the
International Diabetes Federation Diabetes Atlas, 9th edition.
Diabetes Res Clin Pract.

2. Gninkoun C Jules, A Adébayo, Diallo A Mamadou, Ogountchoro
Edwige, Diallo M Mansour, Sow Djéneba Sylla et al. (2021).
Therapeutic and evolutionary characteristics of diabetic ketosis
decompensations after a decade at the University Hospital of
Cotonou, Benin. Journal of Endocrinology and Disorders. 5(2) :
1-5.

3. Lokrou A, Kouassi F. (2014). Bilan de 9 années de prise en charge
de I’acidocétose du diabétique africain adulte en Coéte-d’Ivoire.
Médecine des maladies métaboliques. 8: 330-334.

4. Bonkoungou P. (2017). Complications aigues métaboliques du
diabete sucré dans le Service de Réanimation Polyvalente du
Centre Hospitalier Universitaire Yalgado Ouédraogo de
Ouagadougou au Burkina Faso. Rev. CAMES SANTE. 5(1) :36-
41,

5. Dhatariya K, Nunney I, Iceton G. (2016). Institutional factors in
the management of adults with diabetic ketoacidosis in the UK:
results of a national survey. Diabet Med. 33: 269-270.

6. J.C. Orban, C. Ichai. (2008). Complications métaboliques aigués
du diabete Réanimation. 17 :761-767.

7. Trence DL, Hirsch IB. (2001). Hyperglycemic crises in diabetes
mellitus type 2. Endocrinol Metab Clin North Am. 30(4): 817-
831.

8. Chu CH, Lee JK, Lam HC, Lu CC. (2001). Prognostic factors of
hyperglycemic hyperosmolar nonketotic state. Chang Gung Med
J. 24(6): 345-351.

9. Martinez ME. (2018). The calendar of epidemics: Seasonal cycles
of infectious diseases. PLoS Pathog. November. 14(11):1-15.

10. Kalliora MI, Vazeou A, Delis D, Bozas E, Thymelli I, Bartsocas
CS. (2011). Seasonal variation of type 1 diabetes mellitus
diagnosis in Greek children. Hormones (Athens). 10: 67—71.

11. Mianowska B, Finder W, Szadkowska A, Baranowska A,
Grzelak-Agaciak E, Sadon J et al. (2011). HbAlc levels in school
children with type 1 diabetes are seasonally variable and
dependent on weather conditions. Diabetologies. 54:749-756.

12. L Hanberger, K Akesson, U Samuelsson. (2014). Glycated
haemoglobin variations in paediatric type 1 diabetes: the impact
of season, gender and age Acta Peadiatrica. 103, 398-403.

13. Lontchi-Yimagou, E., Tsalefac, M., Tapinmene, L.M.T., Noubiap
JJN., Vounsia Balti E., Nguewa JL , et al. (2016). Seasonality in
diabetes in Yaounde, Cameroon: a relation with precipitation and
temperature. BMC Public Health. 16: 470.

14. Gninkoun CJ, Alassani AS, Sagna Y, Adjagba P, Djrolo F. (2016).
Diabetic Ketosis Decompensations at the National Hospital in
Benin (West Africa), What Did We Learn about the Precipitating
Factors? Journal of Diabetes Mellitus. 6(04):301-306.

Page 5 of 6


https://www.sciencedirect.com/science/article/pii/S0168822719312306
https://www.sciencedirect.com/science/article/pii/S0168822719312306
https://www.sciencedirect.com/science/article/pii/S0168822719312306
https://www.sciencedirect.com/science/article/pii/S0168822719312306
https://www.sciencedirect.com/science/article/pii/S0168822719312306
https://www.researchgate.net/publication/351097208_Therapeutic_and_evolutionary_characteristics_of_Diabetic_ketosis_decompensations_after_a_decade_at_the_University_Hospital_of_Cotonou_Benin
https://www.researchgate.net/publication/351097208_Therapeutic_and_evolutionary_characteristics_of_Diabetic_ketosis_decompensations_after_a_decade_at_the_University_Hospital_of_Cotonou_Benin
https://www.researchgate.net/publication/351097208_Therapeutic_and_evolutionary_characteristics_of_Diabetic_ketosis_decompensations_after_a_decade_at_the_University_Hospital_of_Cotonou_Benin
https://www.researchgate.net/publication/351097208_Therapeutic_and_evolutionary_characteristics_of_Diabetic_ketosis_decompensations_after_a_decade_at_the_University_Hospital_of_Cotonou_Benin
https://www.researchgate.net/publication/351097208_Therapeutic_and_evolutionary_characteristics_of_Diabetic_ketosis_decompensations_after_a_decade_at_the_University_Hospital_of_Cotonou_Benin
https://www.researchgate.net/publication/351097208_Therapeutic_and_evolutionary_characteristics_of_Diabetic_ketosis_decompensations_after_a_decade_at_the_University_Hospital_of_Cotonou_Benin
https://www.sciencedirect.com/science/article/pii/S195725571470817X
https://www.sciencedirect.com/science/article/pii/S195725571470817X
https://www.sciencedirect.com/science/article/pii/S195725571470817X
http://publication.lecames.org/index.php/sante/article/view/1122
http://publication.lecames.org/index.php/sante/article/view/1122
http://publication.lecames.org/index.php/sante/article/view/1122
http://publication.lecames.org/index.php/sante/article/view/1122
http://publication.lecames.org/index.php/sante/article/view/1122
https://ueaeprints.uea.ac.uk/id/eprint/57583/1/Institutional_factors_in_DKA_main_paper_v2_6_5_15.pdf
https://ueaeprints.uea.ac.uk/id/eprint/57583/1/Institutional_factors_in_DKA_main_paper_v2_6_5_15.pdf
https://ueaeprints.uea.ac.uk/id/eprint/57583/1/Institutional_factors_in_DKA_main_paper_v2_6_5_15.pdf
https://www.srlf.org/wp-content/uploads/2015/11/0812-Reanimation-Vol17-N8-p761_767.pdf
https://www.srlf.org/wp-content/uploads/2015/11/0812-Reanimation-Vol17-N8-p761_767.pdf
https://www.endo.theclinics.com/article/S0889-8529(05)70217-6/abstract
https://www.endo.theclinics.com/article/S0889-8529(05)70217-6/abstract
https://www.endo.theclinics.com/article/S0889-8529(05)70217-6/abstract
https://europepmc.org/article/med/11512365
https://europepmc.org/article/med/11512365
https://europepmc.org/article/med/11512365
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1007327&utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A%20plospathogens/NewArticles%20%28PLOS%20Pathogens%20-%20New%20Articles%29
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1007327&utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A%20plospathogens/NewArticles%20%28PLOS%20Pathogens%20-%20New%20Articles%29
https://link.springer.com/article/10.14310/horm.2002.1294
https://link.springer.com/article/10.14310/horm.2002.1294
https://link.springer.com/article/10.14310/horm.2002.1294
https://link.springer.com/article/10.1007/s00125-010-2013-4
https://link.springer.com/article/10.1007/s00125-010-2013-4
https://link.springer.com/article/10.1007/s00125-010-2013-4
https://link.springer.com/article/10.1007/s00125-010-2013-4
https://onlinelibrary.wiley.com/doi/abs/10.1111/apa.12530
https://onlinelibrary.wiley.com/doi/abs/10.1111/apa.12530
https://onlinelibrary.wiley.com/doi/abs/10.1111/apa.12530
https://link.springer.com/article/10.1186/s12889-016-3090-1
https://link.springer.com/article/10.1186/s12889-016-3090-1
https://link.springer.com/article/10.1186/s12889-016-3090-1
https://link.springer.com/article/10.1186/s12889-016-3090-1
https://scirp.org/journal/PaperInformation.aspx?PaperID=72205
https://scirp.org/journal/PaperInformation.aspx?PaperID=72205
https://scirp.org/journal/PaperInformation.aspx?PaperID=72205
https://scirp.org/journal/PaperInformation.aspx?PaperID=72205

J. Endocrinology and Disorders

15.
16.

17.

18.

19.

20.

This work is licensed under Creative
BY Commons Attribution 4.0 License
To Submit Your Article Click Here: [yl VEI IR g]o]

DOI: 10.31579/2640-1045/086

Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN. (2009).
Hyperglycemic crises in adult patients with diabetes. Diabetes
Care, 32:1335-1343.

Nitzan O. Urinary tract infections in patients with type 2 diabetes
mellitus : review of prevalence , diagnosis , and management.
Diabetes, Metab Syndr Obes Targets Ther 2015;5:129-136.
Azalou M., Assani Seidou A., Assogba B.G.C., Adjassin J.S.,
Sanni Worogo H.S., Baco M.N., Alkoiret Traoré 1. (2019).
Pastoral calendar and transhumance map of herders using pastoral
resources in Djidja Commune in Southern Benin. Rev. Elev. Med.
Vet. Pays Trop. 72 (1): 3-11.

Leverve XM. (2001). Inter organ substrate exchanges in the
critically ill. Curr Opin Clin Nutr Metab Care. 4:137-142.
Butalia, S., Johnson J.A., Ghali W.A. Southern DA, Rabi DM.
(2016). Temporal variation of diabetic ketoacidosis and
hypoglycemia in adults with type 1 diabetes: a nationwide cohort
study. J. Diabetes. 8(4) :552-558.

Chin-Li Lu, Hsin-Hui Chang, Hua-Fen Chen, Li-Jung Elizabeth
Ku, Ya-Hui Chang, Hsiu-Nien Shen et al. (2016). Inverse
relationship between ambient temperature and admissions for
diabetic ketoacidosis and hyperglycemic hyperosmolar state: A
14-year time-series analysis. Environment International. 94:642-
648.

21.

22.

23.

24,

25.

26.

Copy rights@ Gninkoun Comlan Jules et.al.

Boyle J.P., Thompson T.J., Gregg E.W. , Barker, L.E,
Williamson, D.F. (2010). Projection of the year 2050 burden of
diabetes in the US adult population: dynamic modeling of
incidence, mortality, and prediabetes prevalence. Popul. Health
Metrics. 8, 29.

Gregg, E.W, Boyle J.P., Thompson T.J, Barker, L.E., Albright,
A.L., Williamson, D.F. (2013). Modeling the impact of prevention
policies on future diabetes prevalence in the United States: 2010-
2030. Popul. Health Metrics.11, 18.

Wachtel TJ, Tetu-Mouradjian LM, Goldman DL, Ellis, S.E.,
O'Sullivan, P.S. (1991). Hyperosmolarity and acidosis in diabetes
mellitus: a three-year experience in Rhode Island. J Gen Intern
Med. 6(6):495-502.

Nicholas C. Grassly, Christophe Fraser. (2006). Seasonal
infectious disease epidemiology Proc. R. Soc. 273: 2541-2550.
Kim PE, Musher DM, Glezen WP, Rodriguez-Barradas MC,
Nahm WK, Wright CE. (1996). Association of Invasive
Pneumococcal Disease with Season, Atmospheric Conditions, Air
Pollution, and the Isolation of Respiratory Viruses. Clinical
Infectious Diseases. 22(1):100-106.

Pierrat, C. (2011). Risque palustre : appréhender la vulnérabilité
des individus a I’échelle locale (Sud du Bénin). [Vertigo] La revue
¢électronique en sciences de I’environnement, Décembre. 11(3):
286.

Ready to submit your research? Choose Auctores and benefit from:

YV VYV VYV YV

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more auctoresonline.org/journals/endocrinology-and-disorders

Auctores Publishing — Volume 5(5)-086 www.auctoresonline.org
ISSN: 2640-1045

Page 6 of 6


https://care.diabetesjournals.org/content/32/7/1335.short
https://care.diabetesjournals.org/content/32/7/1335.short
https://care.diabetesjournals.org/content/32/7/1335.short
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346284/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346284/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4346284/
https://www.cabdirect.org/cabdirect/abstract/20193293761
https://www.cabdirect.org/cabdirect/abstract/20193293761
https://www.cabdirect.org/cabdirect/abstract/20193293761
https://www.cabdirect.org/cabdirect/abstract/20193293761
https://www.cabdirect.org/cabdirect/abstract/20193293761
https://journals.lww.com/co-clinicalnutrition/Fulltext/2001/03000/Multiple_Organ_Failure__By_the_Time_You_Predict.00010.aspx
https://journals.lww.com/co-clinicalnutrition/Fulltext/2001/03000/Multiple_Organ_Failure__By_the_Time_You_Predict.00010.aspx
https://onlinelibrary.wiley.com/doi/abs/10.1111/1753-0407.12336
https://onlinelibrary.wiley.com/doi/abs/10.1111/1753-0407.12336
https://onlinelibrary.wiley.com/doi/abs/10.1111/1753-0407.12336
https://onlinelibrary.wiley.com/doi/abs/10.1111/1753-0407.12336
https://www.sciencedirect.com/science/article/pii/S0160412016302574
https://www.sciencedirect.com/science/article/pii/S0160412016302574
https://www.sciencedirect.com/science/article/pii/S0160412016302574
https://www.sciencedirect.com/science/article/pii/S0160412016302574
https://www.sciencedirect.com/science/article/pii/S0160412016302574
https://www.sciencedirect.com/science/article/pii/S0160412016302574
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-8-29
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-8-29
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-8-29
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-8-29
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-8-29
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-11-18
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-11-18
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-11-18
https://pophealthmetrics.biomedcentral.com/articles/10.1186/1478-7954-11-18
https://link.springer.com/content/pdf/10.1007/BF02598216.pdf
https://link.springer.com/content/pdf/10.1007/BF02598216.pdf
https://link.springer.com/content/pdf/10.1007/BF02598216.pdf
https://link.springer.com/content/pdf/10.1007/BF02598216.pdf
https://royalsocietypublishing.org/doi/abs/10.1098/rspb.2006.3604
https://royalsocietypublishing.org/doi/abs/10.1098/rspb.2006.3604
https://academic.oup.com/cid/article-abstract/22/1/100/287306
https://academic.oup.com/cid/article-abstract/22/1/100/287306
https://academic.oup.com/cid/article-abstract/22/1/100/287306
https://academic.oup.com/cid/article-abstract/22/1/100/287306
https://academic.oup.com/cid/article-abstract/22/1/100/287306
https://www.erudit.org/en/journals/vertigo/1900-v1-n1-vertigo0523/1015053ar/abstract/
https://www.erudit.org/en/journals/vertigo/1900-v1-n1-vertigo0523/1015053ar/abstract/
https://www.erudit.org/en/journals/vertigo/1900-v1-n1-vertigo0523/1015053ar/abstract/
https://www.erudit.org/en/journals/vertigo/1900-v1-n1-vertigo0523/1015053ar/abstract/
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/manuscript

