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ABSTRACT

This study examined correlations of historical changes in diet and physical inactivity with the rise of noncommunicable diseases
(NCDs) in Kenya. Historical data on diet, wage jobs by industry, urbanization, gross domestic product (GDP), and morbidity
due to NCDs were extracted from Kenya Statistical Abstracts, Food and Agriculture Organization (FAOSTAT), and the World
Bank online database. These data were plotted and correlations between these factors and the incidence of different NCDs
over time were evaluated. There was a rapid rise in the incidence of circulatory disease starting in 2001, and of hypertension
and diabetes starting in 2008. The rise of these NCDs, especially hypertension and diabetes, was accompanied over the same
period by a rise in per capita GDP and physical inactivity (as measured by increased urbanization and declining proportion of
agricultural and forestry wage jobs); a rise in per capita supply of rice, wheat and its products, and cooking oils; and a decline in
the per capita supply of maize and sugar. In conclusion, the positive correlations between indicators of dietary consumption and
physical inactivity and rates of hypertension, circulatory disease, and diabetes suggest that the rapid rise of NCDs in Kenya may
be, in part, due to changes in these modifiable factors.

1. INTRODUCTION

Major noncommunicable diseases (NCDs) include cardiovascular
diseases, cancers, chronic respiratory diseases, and diabetes [1,2].
On a global scale, over 14 million people between the ages of 30 and
70 die every year from NCDs and 85% of these deaths are in low-
and-middle-income countries (LMICs) where a majority of the
world’s population live [3,4]. The human and economic burdens
of NCDs, especially in LMICs, are not sustainable and they are a
threat to development [4].

Kenya, like many other LMICs, is undergoing an epidemiologic
transition—from infectious diseases to NCDs [5]. There has been
an increase in the contribution of NCDs to the total disability-
adjusted life years (from 20.3% in 2004 to 24.9% in 2012) and to
total deaths (from 21.9% in 2004 to 26.6% in 2012) [6,7].

The leading NCD contributors to the all-cause deaths in Kenya are
cardiovascular disease and cancer, which in 2012 contributed 8.6%
and 7%, respectively [6-8]. Although, in Kenya, diabetes caused a
lower proportion of deaths (1.5% in 2012) [6-8], it is becoming
increasingly important because its prevalence is fast growing in
sub-Saharan Africa [9].
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In Kenya, NCDs contribute to over 50% of inpatient admissions
and 40% of hospital deaths [3] and so NCDs consume a substantial
proportion of the health-care budget taking away funds from other
development needs. The 2013 out-of-pocket health expenditure
in Kenya was about 45% of the total expenditure on health [10].
Because of high levels of poverty (45.9% of its population in 2005
was below the national poverty line), high income disparity (Gini
index was 48.5% in 2005 - hence a 48.5% income inequality), and
a high total dependency ratio (about 80% in 2015) [10], the burden
of paying for health care is especially heavy on a large portion of the
population and many in Kenya cannot afford to pay for health care.
Therefore many Kenyans, because of limited funds and availability
of health-care services, seek health care mainly for curative rather
than for preventive care. Hence, prevention strategies would be the
most efficient approach to mitigating NCDs in an LMIC like Kenya.

Unhealthy diet, physical inactivity, and tobacco use have been rec-
ognized to be among the most important modifiable risk factors for
NCDs [4,11]. Unhealthy diet and physical inactivity, in particular,
are associated with obesity, diabetes, cardiovascular disease, and
cancer. Identification of specific factors contributing to unhealthy
diet and physical inactivity in the Kenyan population is critical to
the development of cost-effective preventive measures tailored to
the country. To identify potential points for intervention, the con-
tribution and time trends of the historical changes of risk factors
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for NCDs in Kenya, in particular, unhealthy diet and physical inac-
tivity, were examined.

2. METHODS
2.1. Study Design

An ecological study, based on the entire population of Kenya, was
conducted to relate the annual availability levels of the different
dietary and other factors such as gross domestic product (GDP)
with the incidence of selected NCDs (circulatory disease, hyper-
tension, and diabetes). For each year of data, both the exposure
(risk-modifying) factors and outcomes (incidence of specific
NCDs) were calculated based on the entire population of Kenya.

2.2. Exposure Assessment

Exposure was defined as the levels of the different dietary factors and
also the other factors in the Kenyan population that could influence
incidence of NCDs. Assessment of the levels of exposure to these fac-
tors was determined from data extracted from the publicly available
secondary data in the Kenya Statistical Abstracts from 1969 to 2014
[12], United Nations’ Food and Agriculture Organization Statistical
Databases (FAOSTAT) [13], and the World Bank [10].

Data extracted from the Kenya Statistical Abstracts included the
annual production levels of select foodstuffs and wage employment
by industry. Data extracted from FAOSTAT included population
census data, food balances, and rural versus urban populations for
calculating urbanization levels. GDP data were extracted from the
World Bank online database.

An increase in urbanization and a decrease in the proportion of
wage jobs in agriculture and forestry industry were used as indi-
cators of physical inactivity. Supply (net availability) or production
of different foodstuffs were used as indicators of the consumption
of the foodstuffs. For certain food commodities, where supply
data were not available, production data were used as alternative
indicators for consumption of the same commodities. Supply data
referred to the net quantities of a commodity that were available in
the country for in-country consumption. Production data referred
to quantities of a commodity that were produced in the country for
in-country consumption and possibly export.

2.3. Outcome Assessment

Outcomes assessed included incidence of circulatory disease, hyper-
tension, and diabetes in Kenya. The Kenya Statistical Abstracts
recorded these NCDs as outpatient morbidity (new outpatient cases)
and only in some years: circulatory disease, 1984-2007, and hyper-
tension and diabetes, 2008-2013. Incidence rate was calculated by
dividing the number of new outpatient cases by the total population.

2.4. Data Analysis

Any missing data for a particular year were assumed to remain at
the level of the preceding data point (for the preceding year). A data
point that was more than two times or less than half the average of

the preceding and subsequent data points was considered to be an
outlier. Outlier data points were considered to be missing data and
were appropriately approximated as already outlined. Historical
trends of selected NCDs (circulatory disease/hypertension and
diabetes) were correlated with the different factors and correlation
coefficients (r) between them were calculated using R Software
[R version 3.1.0 (2014-04-10), named “Spring Dance”; The R
Foundation for Statistical Computing, Vienna, Austria]. Where
adequacy of the number of observations permitted, analysis was
conducted using lags of 0 years, 1 year, 2-5 years, 10, and 15 years.

3. RESULTS

3.1. Historical Changes in the Burden of
Circulatory Disease, Hypertension,
and Diabetes in Kenya

There has been an increase in the incidence of circulatory disease
(starting in 2001), hypertension (starting in 2008), and diabetes
(starting in 2008) in Kenya (Figure 1). The incidence rate increase
of hypertension and diabetes was similar and the correlation coeffi-
cient between the two diseases was very high (r = 0.996).

3.2. Historical Changes in Gross Domestic
Product and Urbanization in Kenya

Gross domestic product per capita in Kenya increased as did the level
of urbanization (Figures 2 and 3). The GDP per capita was at US$1227
in 2013. The largest and steepest increase in GDP occurred beginning
the 2000s. The increase in urbanization has been steady over the years,
rising from 7.6% in 1961 to about 24.8% in 2013.

The correlation coefficients (r) between the different factors and
the selected NCDs are shown in Table 1. The rise in GDP per capita
showed a positive correlation (r > 0.55), even after a 1-year lag, with
the incidence of diabetes, circulatory disease, and hypertension
(Figure 2 and Table 1). GDP was positively and highly correlated
with urbanization (r = 0.861). The rise in urbanization over the years
was steady and followed closely the rise in GDP, and it showed a high
correlation (r > 0.97 and r > 0.60 after a lag of 1 year) with the rapid
increase in hypertension or diabetes (Figure 3 and Table 1).
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Figure 1 The incidence of circulatory disease (1984-2007), hypertension
(2009-2013), and diabetes (2009-2013) in Kenya
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Figure 2 Gross domestic product (GDP) per capita and incidence of
circulatory disease, hypertension, and diabetes in Kenya, 1961-2015
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Figure 3 Urbanization and incidence of circulatory disease,
hypertension, and diabetes in Kenya, 1961-2015. Pop, population

3.3. Historical Changes in Wage Employment
in Physically Active Jobs

Wage employment in agriculture and forestry has been declining
steadily from almost 43% in 1961 to about 15% in 2013 (Figure 4).
This decline could be an indicator for physical inactivity and it was
negatively but highly correlated with the rise of hypertension and
diabetes (Figure 4 and Table 1). Urbanization was highly but neg-
atively correlated (r = -0.914) with the proportion of wage jobs in
agriculture and forestry industry.

3.4. Historical Dietary Changes in Kenya

The supply of sugar and sweeteners (Figure 5) seemed to be neg-
atively but highly correlated with the rapid increase in diabetes
and hypertension (Table 1). The supply/consumption of maize
decreased over the years (Figure 6) and showed a strong negative
correlation with the rise of hypertension and diabetes (Table 1).

The increase in the supply of wheat and its products was posi-
tively correlated with the rapid increase in hypertension and dia-
betes (Figure 7 and Table 1). Bread production, however, has been
declining over the years. The increase in the supply of rice (milled

equivalent), like wheat and its products, was positively correlated
with the rapid rise of circulatory diseases/hypertension and diabe-
tes (Figure 8 and Table 1).

The production of ghee and fats did not correlate well with any
of the NCDs (Figure 9 and Table 1). However, the production of
cooking oil correlated positively with the steep rise of circulatory
disease/hypertension and diabetes (Figure 9 and Table 1). Salt
production showed a weak correlation with circulatory disease
(Figure 10 and Table 1).

4. DISCUSSION

This study showed a rapid rise in the incidence of circulatory
disease/hypertension and diabetes in Kenya. This could be due to
the increased awareness of the diseases and increased diagnosis.
This could also be a reflection of the epidemiological transition
of the country because NCDs were not reported in the Statistical
Abstracts until about 2000.

The rise in NCDs correlated well with the increasing GDP because
people would have more expendable income to purchase goods
including processed foods, such as rice, wheat and its products, and
also cooking oils. Urbanization is accompanied by lighter occupa-
tional activity [14] and sedentary lifestyles, which are associated
with overweight and obesity [15-17] and development of diabetes
[18], cardiovascular disease, and other conditions [19]. This find-
ing is in agreement with a study by Ploubidis et al. [20] that showed
that the rise in socioeconomic position in Kenya was positively
associated with hypertension and diabetes.

Employment in agriculture and forestry may be used as a proxy for
physical labor/activity. Hence, a decline in the employment in agri-
culture and forestry, as shown in this study, may represent a decline
in physical activity, which has been associated with an increase in
obesity [17] and associated comorbidities. There has, indeed, been
a gradual increase in obesity in Kenya and by 2014 it was 2.8% in
adult males and 11.1% in adult females [21].

Many LMICs are experiencing a nutrition transition toward diets
that promote the development of NCDs: “increased refined carbo-
hydrates, added sweeteners, edible oils and animal-source foods, and
reduced legumes, other vegetables, and fruits” [22]. In this study, this
transition is seen in the shift toward more refined carbohydrates and
increased edible oil consumption. Maize, the preferred and main
staple food of Kenya, is commonly eaten in its whole ground meal
form as a cooked solid maize meal (ugali/obokima) or porridge (uji/
erongori/nyuka) or as a boiled mixture of maize and beans (githeri/
nyoyo/chinyoyo) [23]. The decline in the maize supply over the years,
accompanied by the increase in supply of the more refined carbohy-
drates (rice and wheat and its products), is suggestive of a shift in the
staple food. This shift coincided with the rapid increase of circulatory
diseases/hypertension and diabetes and may be closely related to rise
of these two NCDs. Rice, in Kenya, is eaten as boiled rice. Wheat
is consumed as deep-fried buns (mandazi) and samosa and as pan-
fried flat bread (chapati) and not necessarily as bread.

The rapid increase in cooking oil production in the period after 1999
mirrored the concurrent rapid increase in the incidence of hyperten-
sion and diabetes. The increase in production of cooking oils may
be an indicator of the consumption of the same. Indeed, cooking oil
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and outpatient incidence of circulatory disease, hypertension, and

diabetes in Kenya, 1961-2013
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Figure 7 Supply of wheat and its products, bread production, and incidence
of circulatory disease, hypertension, and diabetes in Kenya, 1970-2013
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Figure 6 Supply of maize and incidence of circulatory disease,
hypertension, and diabetes in Kenya, 1970-2013

consumption has been increasing in Kenya [24,25] because of rising
GDP; increase in the supply/consumption of wheat products, which
require oil for preparation; and the shift from traditional cooking
methods (including boiling) to high-temperature cooking of foods
(such as stir frying, deep frying, and pan frying) [24].
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Figure 9 Production of cooking oil and ghee and fat and incidence of

circulatory disease, hypertension, and diabetes in Kenya, 1972-2013

The increase in edible fats/oils’ consumption occurred during
the period of rapid rise in circulatory disease/hypertension and
diabetes. This could imply a possible association of the incidence of
these NCDs with the fat intake. Increased intake of dietary lipids,
particularly trans-fats, has been linked to the development of dia-
betes and cardiovascular disease [26-28].
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Figure 10 Production of salt and incidence of circulatory disease and
hypertension in Kenya, 1970-2013

The supply/consumption of sugar and sweeteners, in this study, did
not seem to be positively correlated with the rapid increase in dia-
betes seen in the 2000s as would be expected [18]. This could be
due to the relatively low sugar consumption and low obesity prev-
alence (2.8% in adult males and 11.1% in adult females in 2014) in
Kenya [21].

The steep rise in hypertension after 2009 was not accompanied
by a concurrent rapid increase in salt production. This could
be due to the salt production levels not reflecting the consump-
tion levels of the same and also to the relatively low levels of
salt consumed in East African countries whose dietary customs
and habits are similar [29,30]. The rate of increase in the inci-
dence of both hypertension and diabetes was similar and the
increase occurred during the same period. This could be sug-
gestive of a common or related risk factors for these two NCDs.
Moreover, diabetes is known to increase the risk of cardiovas-
cular disease including hypertension [31]. Diabetes and cardio-
vascular disease, in Kenya, as in many other countries, are often
comorbidities [32].

Besides unhealthy diet and physical inactivity, tobacco use and the
harmful use of alcohol are the other factors identified to be among
the most important risk factors for NCDs [4,11]. The smoking prev-
alence in Kenya, especially among men, continues to remain high:
it was 31% in males and 3% in females in 2000, but had slightly
declined to 25.7% in males and 2.3% in females by 2012 [10]. This
might partly contribute to the rise of cardiovascular disease and
other NCDs in Kenya.

5. CONCLUSION

In the present ecological study, it would seem that, at a national
level, the rise over the years in the incidence of circulatory
diseases/hypertension and diabetes in Kenya could partly be related
to the increase in the following risk factors: increased consumption
of refined rice, increased consumption of wheat products mostly
prepared using high-temperature cooking methods, and increased
use of cooking fat and oils probably with increased trans-fats, and
increased physical inactivity.

6. STRENGTHS AND LIMITATIONS OF
THIS STUDY

The main advantages of such an ecological study is the ease with
which it is conducted and that it generated hypotheses that could
be further investigated in other more conclusive study designs. The
main limitations include the inability to make definite causal asso-
ciations; associations shown may be spurious assumptions on indi-
cators, which may not be true; and disease incidence rates may have
been underestimated because total population, including children,
was used in the calculation.

ACKNOWLEDGMENTS

The authors are grateful to Dr Elizabeth Platz of Johns Hopkins
School of Public Health’s Epidemiology Department for her guid-
ance during the work, and Hezrone Momanyi for facilitating the
acquiring of some of the copies of the Kenya statistical abstracts.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to declare.

REFERENCES

[1] World Health Organization. 2008-2013 Action plan for the
global strategy for the prevention and control of noncommuni-
cable diseases. Geneva: World Health Organization; 2008.

[2] World Health Organization. Global status report on noncom-
municable diseases. Geneva: World Health Organization; 2011.

[3] World Health Organization Communications. UN, Kenyan gov-
ernment take broad-based approach to fighting NCDs. Geneva:
World Health Organization; 2014.

[4] World Health Organization and Public Health Agency of Canada.
Preventing chronic diseases: a vital investment. Geneva and
Ottawa: World Health Organization and Public Health Agency of
Canada; 2005.

[5] Siegel KR, Patel SA, Ali MK. Non-communicable diseases in South
Asia: contemporary perspectives. Br Med Bull 2014;111;31-44.

[6] World Health Organization. Global burden of disease: Death_
DALY_Country Estimates2004 in Disease and injury regional esti-
mates, 2004-2008. Geneva: World Health Organization; 2009.

[7] World Health Organization. Global health estimates 2014 sum-
mary tables: GHE_DALY_2012_Country. Geneva: World Health
Organization; 2014.

[8] World Health Organization. Global health estimates 2014
summary tables: GHE_Deaths_2012_Country. Geneva: World
Health Organization; 2014.

[9] Atun R, Gale EA. The challenge of diabetes in sub-Saharan
Africa. Lancet Diabetes Endocrinol 2015;3;675-77.

[10] World Bank. World Bank data on Kenya—world development
indicators. World Bank Group; 2015.

[11] Marrero SL, Bloom DE, Adashi EY. Noncommunicable
diseases: a global health crisis in a new world order. JAMA
2012;307;2037-38.


https://doi.org/10.1093/bmb/ldu018
https://doi.org/10.1093/bmb/ldu018
https://doi.org/10.1016/S2213-8587%2815%2900236-3
https://doi.org/10.1016/S2213-8587%2815%2900236-3
https://doi.org/10.1001/jama.2012.3546
https://doi.org/10.1001/jama.2012.3546
https://doi.org/10.1001/jama.2012.3546

(12]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

E.M. Onyango and B.M. Onyango / Journal of Epidemiology and Global Health 8(1-2) 1-7 7

Kenya National Bureau of Statistics/Central Bureau of Statistics.
Statistical abstracts 1969-2014. Nairobi: Government Printers.
Food and Agriculture Organization of the United Nations. FAOSTAT
food balance sheets by country: Kenya country data. Geneva: Food
and Agriculture Organization of the United Nations; 2015.

Monda KL, Gordon-Larsen P, Stevens J, Popkin BM. China’s
transition: the effect of rapid urbanization on adult occupational
physical activity. Soc Sci Med 2007;64;858-70.

Nandi A, Sweet E, Kawachi I, Heymann J, Galea S. Associations
between macrolevel economic factors and weight distributions in
low- and middle-income countries: a multilevel analysis of 200,000
adults in 40 countries. Am J Public Health 2014;104;e162-71.
Monda KL, Adair LS, Zhai F, Popkin BM. Longitudinal relation-
ships between occupational and domestic physical activity patterns
and body weight in China. Eur J Clin Nutr 2008;62;1318-25.
Church TS, Thomas DM, Tudor-Locke C, Katzmarzyk PT,
Earnest CP, Rodarte RQ, et al. Trends over 5 decades in U.S.
occupation-related physical activity and their associations with
obesity. PLoS One 2011;6;¢19657.

Basu S, Stuckler D, McKee M, Galea G. Nutritional determinants
of worldwide diabetes: an econometric study of food markets
and diabetes prevalence in 173 countries. Public Health Nutr
2013;16;179-86.

Chalk MB. Obesity: addressing a multifactorial disease. Case
Manager 2004;15;47-49; quiz 50.

Ploubidis GB, Mathenge W, De Stavola B, Grundy E, Foster A,
Kuper H. Socioeconomic position and later life prevalence of
hypertension, diabetes and visual impairment in Nakuru, Kenya.
Int ] Public Health 2013;58;133-41.

World Health Organization. World health statistics 2015. Geneva:
World Health Organization; 2015.

Popkin BM. Nutrition transition and the global diabetes epi-
demic. Curr Diab Rep 2015;15;64.

(23]
(24]

(25]

(26]

[29]

(30]

(31]

(32]

De Groote H, Kimenju SC. Consumer preferences for maize
products in urban Kenya. Food Nutr Bull 2012;33;99-110.
Kagwe W. Cooking oils market gains more weight. Nairobi: Daily
Nation, Nation Media Group Limited; 2009.

Sunday Nation. Market share of edible fats on decline,
survey show. Nairobi: Daily Nation, Nation Media Group
Limited; 2013.

de Souza RJ], Mente A, Maroleanu A, Cozma Al, Ha V, Kishibe
T, et al. Intake of saturated and trans unsaturated fatty acids
and risk of all cause mortality, cardiovascular disease, and type
2 diabetes: systematic review and meta-analysis of observational
studies. BMJ 2015;351;h3978.

Angelieri CT, Barros CR, Siqueira-Catania A, Ferreira SR.
Trans fatty acid intake is associated with insulin sensitiv-
ity but independently of inflammation. Braz ] Med Biol Res
2012;45;625-31.

Lichtenstein AH. Dietary trans fatty acids and cardiovas-
cular disease risk: past and present. Curr Atheroscler Rep
2014;16;433.

Brown IJ, Tzoulaki I, Candeias V, Elliott P. Salt intakes around
the world: implications for public health. Int ] Epidemiol
2009;38;791-813.

Pavan L, Casiglia E, Pauletto P, Batista SL, Ginocchio G,
Kwankam MM, et al. Blood pressure, serum cholesterol and
nutritional state in Tanzania and in the Amazon: comparison
with an Italian population. ] Hypertens 1997;15;1083-90.
Norhammar A, Mellbin L, Cosentino F. Diabetes: prevalence,
prognosis and management of a potent cardiovascular risk factor.
Eur J Prev Cardiol 2017;24;52-60.

Meme N, Amwayi S, Nganga Z, Buregyeya E. Prevalence of undi-
agnosed diabetes and pre-diabetes among hypertensive patients
attending Kiambu district Hospital, Kenya: a cross-sectional
study. Pan Afr Med ] 2015;22;286.


https://doi.org/10.1016/j.socscimed.2006.10.019
https://doi.org/10.1016/j.socscimed.2006.10.019
https://doi.org/10.1016/j.socscimed.2006.10.019
https://doi.org/10.2105/AJPH.2013.301392
https://doi.org/10.2105/AJPH.2013.301392
https://doi.org/10.2105/AJPH.2013.301392
https://doi.org/10.2105/AJPH.2013.301392
https://doi.org/10.1038/sj.ejcn.1602849
https://doi.org/10.1038/sj.ejcn.1602849
https://doi.org/10.1038/sj.ejcn.1602849
https://doi.org/10.1371/journal.pone.0019657
https://doi.org/10.1371/journal.pone.0019657
https://doi.org/10.1371/journal.pone.0019657
https://doi.org/10.1371/journal.pone.0019657
https://doi.org/10.1017/S1368980012002881
https://doi.org/10.1017/S1368980012002881
https://doi.org/10.1017/S1368980012002881
https://doi.org/10.1017/S1368980012002881
https://www.ncbi.nlm.nih.gov/pubmed/15557992
https://www.ncbi.nlm.nih.gov/pubmed/15557992
https://doi.org/10.1007/s00038-012-0389-2
https://doi.org/10.1007/s00038-012-0389-2
https://doi.org/10.1007/s00038-012-0389-2
https://doi.org/10.1007/s00038-012-0389-2
https://doi.org/10.1007/s11892-015-0631-4
https://doi.org/10.1007/s11892-015-0631-4
https://doi.org/10.1177/156482651203300203
https://doi.org/10.1177/156482651203300203
https://doi.org/10.1136/bmj.h3978
https://doi.org/10.1136/bmj.h3978
https://doi.org/10.1136/bmj.h3978
https://doi.org/10.1136/bmj.h3978
https://doi.org/10.1136/bmj.h3978
https://www.ncbi.nlm.nih.gov/pubmed/22570091
https://www.ncbi.nlm.nih.gov/pubmed/22570091
https://www.ncbi.nlm.nih.gov/pubmed/22570091
https://www.ncbi.nlm.nih.gov/pubmed/22570091
https://doi.org/10.1007/s11883-014-0433-1
https://doi.org/10.1007/s11883-014-0433-1
https://doi.org/10.1007/s11883-014-0433-1
https://doi.org/10.1093/ije/dyp139
https://doi.org/10.1093/ije/dyp139
https://doi.org/10.1093/ije/dyp139
https://www.ncbi.nlm.nih.gov/pubmed/9350582
https://www.ncbi.nlm.nih.gov/pubmed/9350582
https://www.ncbi.nlm.nih.gov/pubmed/9350582
https://www.ncbi.nlm.nih.gov/pubmed/9350582
https://doi.org/10.1177/2047487317709554
https://doi.org/10.1177/2047487317709554
https://doi.org/10.1177/2047487317709554
https://doi.org/10.11604/pamj.2015.22.286.7395
https://doi.org/10.11604/pamj.2015.22.286.7395
https://doi.org/10.11604/pamj.2015.22.286.7395
https://doi.org/10.11604/pamj.2015.22.286.7395

