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SUMMARY 
 

Introduction and objectives: The prevalence of type 2 diabetes is rising worldwide with 

a rapid increase in sub-Saharan Africa (SSA) [1, 2]. At the same time, prevalences of 

overweight and obesity are increasing dramatically in this region, particularly in urban 

areas [3, 4]. However, SSA is still dealing with infectious diseases such as malaria, HIV-

infections and tuberculosis [5]. This double burden poses a major public health challenge 

in this region, where financial and health resources are limited. Although obesity and the 

nutritional behavior are the main modifiable risk factors for type 2 diabetes [6], their 

relationship is only insufficiently investigated in SSA. Therefore, the first objective of this 

thesis was to evaluate the associations between various anthropometric measures and 

type 2 diabetes and to assess the appropriateness of specific cut-off points for the body 

mass index (BMI), waist circumference (WC) and waist-to-hip ratio (WHR) in an urban 

Ghanaian study population. The second object of this thesis was to describe the dietary 

behavior and to examine the associations between dietary patterns derived by an 

exploratory factor analysis and type 2 diabetes. The third aim was to identify a dietary 

pattern by using the reduced rank regression (RRR) approach and to evaluate the 

association between this pattern and type 2 diabetes in this study population. 

 

Data and Methods: Data from 1221 study participants (542 type 2 diabetes cases and 

679 controls) of the Kumasi Diabetes and Hypertension (KDH) study was used. The KDH 

study is an unmatched case-control study, which was conducted at the Komfo Anokye 

Teaching Hospital (KATH) in Kumasi, Ghana between August 2007 and June 2008. All 

participants underwent an anthropometrical examination and the habitual dietary intake 

was assessed by one 24 hour dietary recall and a locally specific food frequency 

questionnaire (FFQ). Each participant provided a blood sample and type 2 diabetes was 

defined as having a fasting plasma glucose ≥ 7mmol/L and/or documented anti-diabetic 

medication.                                                  

First, associations between various anthropometric measures and type 2 diabetes were 

evaluated by multivariate-adjusted logistic regression analysis. Additionally, the 

discriminative power and population-specific cut-off points for type 2 diabetes were 

identified by receiver operating characteristic curves. Finally, the optimal cut-off points for 

BMI, WC and WHR were assessed by the Youden-Index.  
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Second, the dietary behavior of the study population was assessed by an FFQ. Dietary 

patterns were identified by using an exploratory factor analysis (including 33 food items) 

and their associations with type 2 diabetes were evaluated by multivariate-adjusted 

logistic regression analysis.  

 

Third, a dietary pattern was identified by using RRR with adiponectin, HDL-cholesterol 

and triglycerides as response variables and 35 food items as predictor variables and the 

association between the dietary pattern score and type 2 diabetes was assessed applying 

multivariate-adjusted logistic regression analysis. 

 

Results: First, measures of central obesity, but not of general obesity, were positively 

associated with type 2 diabetes in women and men. Specifically, BMI was not associated 

with type 2 diabetes, while WHR showed the strongest association in both sexes, 

independent of BMI. Furthermore, WHR showed the best discriminative ability for type 2 

diabetes and a cut-off point of ≥ 0.88 in women and ≥ 0.90 in men were the optimal WHR 

cut-off points in this SSA population. The recommended cut-off points for BMI and WC 

had a poor predictive ability with a low sensitivity and specificity. 

Second, the dietary behavior was characterized by a high intake of carbohydrate- and fat- 

dense foods, such as plantain, banku, bread, rice, fish and palm oil. Two dietary patterns 

were identified by factor analysis: The “purchase” dietary pattern was characterized by a 

high consumption of sweets, rice, protein-rich foods (red meat, poultry, eggs and milk), 

fruits and vegetables and low consumption of plantain. This pattern was inversely 

associated with type 2 diabetes. The “traditional” dietary pattern was characterized by a 

high intake of plantain, green leafy vegetables, fish, fermented maize products, and palm 

oil and was associated with an increased odds of type 2 diabetes. 

 

Third, a dietary pattern was derived by RRR, which was characterized by a high 

consumption of plantain, garden egg and cassava and a low intake of juice, sweets, 

vegetable oil, rice, hot chocolate, soft drinks, eggs and red meat. This pattern was 

positively associated with serum triglyceride concentrations and negatively with HDL-

cholesterol, but not with adiponectin. The odds for type 2 diabetes increased significantly 

with increasing pattern score. 
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Conclusion: This study highlights the important role of central obesity for the risk of type 

2 diabetes in an SSA population. Furthermore, the current recommended cut-off points for 

obesity measures are inappropriate to assess diabetes risk in this urban Ghanaian 

population. Further investigations are needed to evaluate the rationale of country- or 

region-specific cut-off points for anthropometric indices to identify individuals with type 2 

diabetes in SSA.  

Findings of the second part show that two diverse dietary patterns are identified and 

strongly associated with type 2 diabetes in urban Ghana. Therefore, further investigations 

are warranted to clarify the determinants of adherences to dietary patterns and to verify 

these patterns in other West-African populations.  

Findings of the third part suggest that adherence to traditional food items and low 

preference for purchased foods relate to increased serum triglycerides and decreased 

HDL-cholesterol, both risk factors for type 2 diabetes, and as a consequence may 

increase the risk for type 2 diabetes. Finally, the reproducibility of the association between 

the RRR-derived dietary pattern and type 2 diabetes should be evaluated in independent 

populations. 
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ZUSAMMENFASSUNG 
 

Hintergrund und Zielstellung: Die Typ-2-Diabetesprävalenz nimmt weltweit stetig zu, 

mit einem rapiden Anstieg besonders in sub-Sahara Afrika (SSA) [1, 2]. Gleichzeitig steigt 

die Prävalenz an Übergewicht und Adipositas drastisch an, insbesondere in den 

städtischen Gebieten dieser Region [3, 4]. Zudem wird das Gesundheitssystem in SSA 

immer noch durch Infektionskrankheiten wie Malaria, HIV-Infektionen und Tuberkulose 

belastet [5]. Diese Doppelbelastung stellt eine große gesundheitspolitische 

Herausforderung für diese Region dar, in der finanzielle und gesundheitliche Ressourcen 

begrenzt sind. Adipositas und das Ernährungsverhalten sind die wichtigsten 

modifizierbaren Risikofaktoren für Typ-2-Diabetes [6], jedoch ist ihre Beziehung bislang 

nur unzureichend in SSA untersucht. Daher war das erste Ziel dieser Arbeit, die 

Zusammenhänge zwischen verschiedenen anthropometrischen Maßen und dem Typ-2-

Diabetes Risiko zu untersuchen, sowie die Übertragbarkeit der spezifischen Grenzwerte 

für den Body Mass Index (BMI), den Taillenumfang und dem Taille-Hüft-Verhältnis (WHR) 

in einer urbanen ghanaischen Studienpopulation zu beurteilen. Das zweite Ziel war das 

Ernährungsverhalten zu charakterisieren und die Zusammenhänge zwischen 

Ernährungsmustern, die mittels einer explorativen Faktorenanalyse identifiziert wurden, 

und dem Typ-2-Diabetes Risiko zu untersuchen. Das dritte Ziel war es ein 

Ernährungsmuster mittels reduzierter Rangregression (RRR) zu identifizieren und dessen 

Zusammenhang mit dem Typ-2-Diabetes Risiko in dieser Studienpopulation zu 

untersuchen. 

 

Datengrundlage und Methoden: Daten von 1221 Studienteilnehmern (542 Typ-2-

Diabetes Fälle und 679 Kontrollen) der Kumasi Diabetes und Hypertonie (KDH) Studie 

wurden analysiert. Die KDH-Studie ist eine ungepaarte Fall-Kontroll-Studie, die am Komfo 

Anokye Teaching Hospital (KATH) in Kumasi, Ghana von August 2007 bis Juni 2008 

durchgeführt wurde. Die anthropometrische Untersuchung wurde von geschultem 

Krankenhauspersonal am leicht bekleideten Studienteilnehmer durchgeführt. Das 

Ernährungsverhalten wurde mithilfe eines lokal spezifischen Verzehrshäufigkeits-

fragebogens (FFQ) und eines 24 Stunden Ernährungsprotokolls ermittelt. Jedem 

Teilnehmer wurde eine Blutprobe entnommen. Typ-2-Diabetes wurde definiert als 

Nüchternblutzucker ≥ 7mmol/L und/oder bekannte Antidiabetika-Behandlung.                                                                  

Im ersten Teil dieser Dissertation wurden die Zusammenhänge zwischen verschiedenen 

anthropometrischen Maßen und dem Typ-2-Diabetes Risiko mittels multivariat-adjustierter 
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logistischer Regressionsanalyse untersucht. Die Fläche unter der Receiver Operating 

Characteristic Kurve (ROC-AUC) wurde zum Vergleich der diskriminativen Fähigkeit der 

anthropometrischen Maße zur Identifizierung von Diabetikern genutzt, sowie zur 

Überprüfung von populationsspezifischen Grenzwerten. Schließlich wurden die optimalen 

Grenzwerte mithilfe des Youden-Index ermittelt.  

Im zweiten Teil dieser Dissertation wurde das Ernährungsverhalten der Studienpopulation 

mithilfe eines FFQs charakterisiert. Des Weiteren wurden Ernährungsmuster mittels einer 

explorativen Faktorenanalyse, basierend auf 33 Lebensmitteln des FFQs, identifiziert und 

die Assoziationen zwischen den Ernährungsmustern und dem Typ-2-Diabetes Risiko 

mittels multivariat-adjustierter logistischer Regressionsanalyse untersucht. 

 

Im dritten Teil dieser Dissertation wurde mittels RRR mit den Aufnahmemengen von 35 

Lebensmitteln als Prädiktoren und den Serumkonzentrationen von Adiponektin, HDL-

Cholesterin und Triglyzeriden als Response-Variablen ein Ernährungsmuster hergeleitet 

und die Assoziation mit dem Typ-2-Diabetes Risiko mithilfe der multivariat-adjustierten 

logistischen Regressionsanalyse untersucht. 

 

Ergebnisse: Die ersten Ergebnisse zeigten, dass Maße der zentralen Adipositas, aber 

nicht der generellen Adipositas, positiv mit dem Typ-2-Diabetes Risiko sowohl bei Frauen 

als auch bei Männern assoziiert waren. WHR war der stärkste Risikofaktor in beiden 

Geschlechtern, unabhängig vom BMI. Der Vergleich der ROC-AUCs zeigte, dass die 

WHR das beste anthropometrische Maß zur Identifizierung von Diabetikern sowohl in 

Männern als auch in Frauen war. Der optimale WHR-Grenzwert für Frauen lag bei ≥ 0.88 

und bei Männern ≥ 0.90 in dieser afrikanischen Bevölkerung. Die empfohlenen 

Grenzwerte für BMI und Taillenumfang hingegen hatten eine schlechte Vorhersagekraft 

mit einer niedrigen Sensitivität und Spezifität.  

Das Ernährungsverhalten war durch eine hohe Aufnahme von kohlenhydrat- und 

fettreichen Lebensmitteln (Kochbanane, fermentierte Maisprodukte, Brot, Reis, Fisch und 

Palmöl) charakterisiert. Zwei Ernährungsmuster wurden mittels Faktorenanalyse 

identifiziert: Das "industriell geprägte" Ernährungsmuster war charakterisiert durch einen 

hohen Verzehr von Süßigkeiten, Reis, eiweißreichen Lebensmitteln (rotes Fleisch, 

Geflügel, Eier und Milch), Obst und Gemüse und niedrigen Verzehr von Kochbananen. 

Dieses Muster war invers mit dem Typ-2-Diabetes Risiko assoziiert. Das "traditionelle" 

Ernährungsmuster hingegen war gekennzeichnet durch einen hohen Verzehr von 

Kochbananen, grünem Blattgemüse, Fisch, fermentierten Maisprodukten und Palmöl. Es 

war mit einem erhöhten Risiko für Typ-2-Diabetes assoziiert. 
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Mithilfe der RRR wurde ein Ernährungsmuster hergeleitet, das durch einen hohen Verzehr 

von Kochbananen, Aubergine und Maniok sowie einen geringen Verzehr an Saft, 

Süßigkeiten, Pflanzenöl, Reis, Softgetränken, Eier und rotem Fleisch charakterisiert war. 

Dieses Muster war mit erhöhten Serumkonzentrationen an Triglyzeriden und erniedrigten 

HDL-Cholesterin assoziiert, aber zeigte keinen Zusammenhang mit Adiponektin. Ein 

hoher Musterscore war mit einem erhöhten Risiko für Typ-2-Diabetes assoziiert. 

 

Schlussfolgerung: 

Diese Studie unterstreicht die wichtige Rolle der zentralen Adipositas für das Risiko von 

Typ-2-Diabetes in einer afrikanischen Bevölkerung. Darüber hinaus sind die derzeit 

empfohlenen Grenzwerte für Übergewicht und Adipositas ungeeignet, um das Diabetes-

Risiko in dieser ghanaischen Population zu beurteilen. Weitere Untersuchungen sind 

notwendig, um Länder- oder Regions-spezifische Grenzwerte für anthropometrische 

Maße zu untersuchen, um Personen mit Typ-2-Diabetes in SSA zu identifizieren.  

 

Die Ergebnisse des zweiten Teils zeigen, dass zwei unterschiedliche Ernährungsmuster 

identifiziert wurden, die stark mit dem Typ-2-Diabetes Risiko assoziiert sind. Die 

Determinanten für die Einhaltung, sowie die Verifizierung dieser Muster sollten in anderen 

Westafrikanischen Populationen weiter untersucht werden. 

 

Die Ergebnisse des dritten Teils weisen darauf hin, dass der hohe Verzehr an 

„traditionellen“ Lebensmitteln sowie der geringe Verzehr an „industriell geprägten“ 

Lebensmitteln Serumkonzentration an Triglyzeriden erhöhen und HDL-Cholesterin senken 

könnten, beides Risikofaktoren für Typ-2-Diabetes, und dadurch zu einem erhöhten Risiko 

für Typ-2-Diabetes führen können. Die Reproduzierbarkeit des Zusammenhanges 

zwischen diesem Ernährungsmuster und dem Typ-2-Diabetes Risiko sollte in 

unabhängigen Studienpopulationen überprüft werden. 
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1 INTRODUCTION 

1.1 Type 2 diabetes mellitus 

1.1.1 Definition 

Diabetes mellitus is a group of metabolic disorders characterized by the presence of 

hyperglycemia resulting from defects in insulin secretion, insulin action, or both [7]. Type 2 

diabetes is the most common form of diabetes, accounting for 90-95% of all cases, the 

rest are type 1 or gestational diabetes cases. Type 2 diabetes is a multifactorial disease 

that is caused by an interaction of genetic and environmental factors. The underlying 

pathophysiological mechanism of type 2 diabetes is the combination of insulin resistance 

and a progressive pancreatic ß-cell failure [8]. 

The criteria for the diagnosis of type 2 diabetes are shown in Table 1. The use of glycated 

hemoglobin (HbA1c) with a cut point of ≥ 6.5% as an additional diagnostic test to 

diagnose diabetes has been recommended by the International Expert Committee in 2009 

[9] and endorsed by the American Diabetes Association [10] and the World Health 

Organization (WHO) [11]. However, the practicability of using HbA1c for the diagnosis of 

type 2 diabetes in SSA is questionable, because of high costs and high prevalences of 

hemoglobinopathies such as sickle cell anemia [12]. 

 

Table 1: Criteria for the diagnosis of type 2 diabetes by the American Diabetes Association[7] 

HbA1c ≥ 6.5% 
or 

Fasting plasma glucose (FPG) ≥ 126 mg/dl (7 mmol/L). Fasting is defined as no caloric intake for at 
least 8 hours 

or 
Two-hour plasma glucose ≥ 200 mg/dl (11.1 mmol/L) during an oral glucose tolerance test (OGTT) 

or 
In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma 

glucose ≥ 200 mg/dl (11.1 mmol/L) 
* in the absence of unequivocal hyperglycemia, criteria 1-3 should be confirmed by repeat testing 

 

1.1.2 Epidemiology 

The prevalence of type 2 diabetes is increasing dramatically in SSA, which is mainly 

attributed to growing rates of obesity, urbanization, and physical inactivity [1, 3]. The sixth 

edition of the International Diabetes Federation diabetes atlas estimated that the number 

of adults with diabetes in SSA will double from 21.5 (2014) to 41.5 million people (2035) 

within the next 20 years [2]. However, these projections did not consider the increasing 
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role of potential risk factors such as urbanization, changes in lifestyle, and increased 

physical inactivity. SSA has the highest percentage (62%) of undiagnosed type 2 diabetes 

patients worldwide. In this region, 90% are affected by type 2 diabetes and the prevalence 

of type 2 diabetes vary between countries and rural-urban gradients, from 1.0% in rural 

Uganda and 12.0% in urban Kenya [13]. In Accra, the capital and largest city of Ghana, 

the prevalence of diabetes was 0.4% in 1958 [14]. However, over 40 years later, Amoah 

et al. reported a diabetes prevalence of 6.3% in the Greater Accra area of Ghana [15]. In 

Africa, 8.6% of all death in adults aged between 20-79 years are due to diabetes and of 

this proportion, 76% occurred in people younger than 60 years of age [2]. In 2014, overall 

612 billion US dollars were spent for diabetes, with the lowest diabetes-related 

expenditure (4.5 billion US dollars) for Africa [2]. 

 

1.2 Overweight and obesity  

1.2.1 Definition 

Obesity results from an imbalance in energy intake and energy expenditure leading to an 

abnormal or excessive fat accumulation that may impair health [16]. Different 

anthropometric measures are commonly used to classify overweight and obesity in adults. 

The body mass index (BMI), a measure of general obesity, is defined as a person’s weight 

in kilograms divided by the square of his height in meters (kg/m²). In contrast to BMI, waist 

circumference (WC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR) are 

anthropometric measures that are usually used to assess abdominal obesity. Abdominal 

obesity reflects an increased amount of intra-abdominal fat including visceral adipose 

tissue that is associated with numerous cardiovascular disease risk factors (decreased 

glucose tolerance, reduced insulin sensitivity, and adverse lipid profiles, all risk factors for 

type 2 diabetes [17, 18]).  
WHR and WHtR are defined as WC/hip circumference and WC/height, respectively. The 

established cut-offs for BMI according to the WHO [19] are shown in Table 2. These cut-

offs are derived from mortality and morbidity data from predominately US and European 

populations and are associated with an increased risk for type 2 diabetes [20] and 

cardiovascular disease [21]. Table 3 shows the current international recommendations for 

thresholds of abdominal obesity (WC and WHR) in diverse ethnic populations by different 

organizations. A WC cut-off of 80 and 88 cm in women and 94 and 102 cm in men 

indicates high and very high risk for metabolic complications, respectively. These cut-offs 

correspond to BMI levels at 25.0-29.9 kg/m² and ≥ 30.0 kg/m², respectively, and were 
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developed based on the association between WC and BMI [22], rather than on the 

association between WC and disease risk. 

 
Table 2: International classification of adult weight according to BMI-categories (WHO, 
2006)[19] 

Classification BMI (kg/m²) 

Underweight < 18.5 

Normal weight ≥ 18.5-24.9 

Overweight ≥ 25.0-29.9 

Obesity ≥ 30.0 

BMI: body mass index 

 
Table 3: Existing thresholds for abdominal obesity of various organizations 

  WC (cm) WHR 

Population Organization Women Men Women Men 

Europid IDF [23] ≥ 80  ≥ 94    
Caucasian WHO * [24] ≥ 80  ≥ 94  ≥ 0.85 ≥ 0.90 

  ≥ 88 ≥ 102    
Unites States AHA/NHLBI (ATP) [25] ≥ 88 ≥ 102    

 US Dep. of Agriculture and US Dep. of 

Health and Human Services [26] 
  ≥ 0.88 ≥ 0.95 

Canada Health Canada [27] ≥ 88 ≥ 102    
European European Cardiovascular Societies [28] ≥ 88 ≥ 102    
South Asian**, 

Japanese and 

Chinese 

IDF [23] ≥ 80  ≥ 90    

Asian  WHO [24] ≥ 80  ≥ 90    
Japanese Japanese Obesity Society [29] ≥ 85  ≥ 90    
China Cooperative Task Force [30] ≥ 85  ≥ 80    
Middle-East, 

Mediterranean 

IDF [23] ≥ 80  ≥ 94    

SSA IDF [23] ≥ 80  ≥ 94    
Ethnic South and 

Central American 

IDF [23] ≥ 80  ≥ 90    

WC: waist circumference; WHR: waist-to-hip-ratio; * at thresholds of ≥ 80 cm in women and ≥ 94 cm in men: 
increased risk, thresholds of ≥ 88 cm in women and ≥ 102 cm in men: substantially increased risk for 
metabolic complications; ** based on a Chinese, Malay and Indian-Asian population 
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1.2.2 Epidemiology 

Overweight and obesity, which were once problems of developed countries, have 

nowadays become one of the main public health topics, particularly in urban areas of 

many SSA countries due to dramatically increasing prevalences [4]. Obesity is the major 

risk factor for non-communicable diseases (NCD) such as type 2 diabetes. Especially in 

urban African populations rates of overweight and obesity are rising [4]. This is mainly 

attributed to the ongoing nutrition transition by higher consumption of refined 

carbohydrates and fatty and energy-dense foods and physical inactivity. Through a rapid 

urbanization during the past decades with increasing motorized transportation 

possibilities, the traditionally higher work- (e.g. farming) and transportation-related 

physical activity has decreased in SSA [1]. Furthermore, leisure time physical activity is 

not very popular, especially among women [31, 32].    

 

In 2013, the age-standardized prevalences of overweight and obesity were 27.9% and 

8.1% among adult (≥ 20 years) men and 38.4% and 14% among adult women in Ghana, 

respectively [33]. Thus, obesity is more prevalent among Ghanaian women than among 

men and especially central obesity is common among women [34]. While in developed 

countries obesity is associated with a low socioeconomic status (SES) [35], African 

studies showed an opposing positive association between SES and obesity [36-38]. 

Ziraba et al. reported that the prevalence of overweight and obesity increased by 35% 

between 1992 and 2005 in seven African urban cities (including Ghana), with higher 

prevalence among women of higher SES compared to their poorer counterparts [4]. 

However, the highest increase in obesity was observed among the poorest (+50%) and 

not among the richest (+7%). Furthermore, obesity prevalences increased by 45-50% 

among the non-educated and primary-educated women, compared to a drop of 10% 

among women with secondary or higher education [4]. These findings suggest that 

obesity has also become a problem of the poor and non-educated urban residents as 

seen in their wealthier counterparts before. 

 

1.2.3 Overweight and obesity and risk of type 2 diabetes 

There is evidence that general and abdominal obesity is associated with an increased risk 

of type 2 diabetes across Asian, European and US populations [20]. In this meta-analysis 

of 32 cohort studies BMI, WC, and WHR were similarly associated with incident type 2 

diabetes (pooled relative risk per 1 standard deviation for incident diabetes with 95% 

confidence interval (CI) were 1.87 [1.67-2.10], 1.87 [1.58-2.20] and 1.88 [1.61-2.19], 
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respectively). However, there is uncertainty whether BMI or central obesity measures are 

better discriminators of diabetes risk across diverse ethnic groups. In fact, Vazques et al. 

found modest regional differences for WHR (but not for WC or BMI): The association was 

stronger in Caucasian compared to Asian populations (Europe: 1.9 [1.7-2.2]), United 

States: 1.7 [1.4-2.2] vs. Asia: 1.4 [1.1-1.7] [20]. This is in line with numerous studies 

among Asians and African Americans that observed central obesity measures including 

WC, WHR and WHtR to be better discriminators of type 2 diabetes than BMI [39-43]. The 

Obesity and Asia Collaboration, comprising 21 cross-sectional studies in the Asia-Pacific 

region with >263,000 individuals, observed that measures of central obesity, in particular, 

WC, were more strongly associated with diabetes and were better discriminators of 

diabetes compared to BMI in Asians and Caucasians (with the exception of Caucasian 

men) [39].  

In contrast, the evidence for these associations among SSA populations is limited. Only a 

few cross-sectional studies from SSA investigated the associations between obesity 

measures and type 2 diabetes and are summarized in Table 4. These cross-sectional 

studies found positive associations for general obesity (BMI) and central obesity 

measures (WC, WHR and WHtR) with type 2 diabetes. However, most of the studies 

showed that central obesity measures were stronger associated with diabetes compared 

to BMI [44-46]. A recent study from Cameroon assessed and compared the strength and 

discriminatory power of various anthropometric measures with diabetes [46]. In this study, 

central obesity measures were better predictors for diabetes than BMI. WC showed the 

best discriminatory ability to identify screen-detected diabetes in this population. 

 

1.2.4 Cut-offs for obesity measures 

Although there is evidence of a continuous association between BMI and WC with type 2 

diabetes [47-49], cut-off points has been determined and generally accepted for defining 

general or central obesity for population screening [50]. Cut-off points for obesity 

measures such as BMI and WC have been derived mainly from studies among 

Caucasians [22, 51] and their appropriateness for other populations is therefore 

questionable [52-54]. A review of 28 studies (four prospective studies and 24 cross-

sectional studies) aimed to identify the optimal cut-off points for WC and WHR for 

assessing risk of type 2 diabetes: The optimal cut-off points, derived at the point that 

maximizes the sum of sensitivity and specificity, varied across ethnicities and thus Qiao 

and Nyamdorj concluded that there is no universal cut-off point that can be applied 

worldwide [50]. They also suggest that country- or region-specific cut-off values should be 
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used taking into consideration the purpose for which the cut-off is required and the 

availability of resources. In fact, Asian populations [55-57] and black populations [58, 59] 

might bear higher risk of diabetes at lower BMI or WC levels than Caucasians. For Asian 

populations thresholds of a BMI of 23 to < 27.5 kg/m² were identified, representing an 

increased risk and ≥ 27.5 kg/m² representing a high risk for type 2 diabetes or 

cardiovascular diseases [57]. Additionally, lower WC and WHR cut-off points for Asians 

were observed: for WC 85 cm in men and 80 cm in women and for WHR 0.90 and 0.80, 

respectively [39, 60]. It has been suggested that this may be due to ethnic differences in 

the association of BMI, body fat distribution and cardiometabolic risk factors. For a given 

BMI, Asians have higher levels of visceral adipose tissue and lower skeletal muscle mass 

compared to Caucasians [61-63].  

Also several aspects of body composition are known to differ between Caucasians and 

Africans [64, 65]. Abdominal visceral adipose tissue, measured by computer tomography, 

was significantly higher among 1396 white men and women compared to 571 African 

American men and women. In contrast, subcutaneous adipose tissue was lower among 

whites compared to African Americans [64]. Wagner et al. reviewed the similarities and 

differences in the body composition between Blacks and Whites: In general, Blacks had 

increased skeletal muscle mass and bone mineral content compared to Whites [65]. 

These differences in body composition in diverse ethnic groups may have an impact on 

the determination of cut-offs for obesity measures. Indeed, a study from the Third National 

Health and Nutrition Examination Survey (NHANES) investigated whether black, hispanic 

and white Americans have the same values of abdominal obesity (estimated by WC) at 

the established BMI cut-off points for overweight (BMI 25-29.9 kg/m²) and obesity (BMI    

≥ 30 kg/m²) [66]. WC cut-off points were lower among Blacks and Hispanics compared to 

Whites at the corresponding cut-offs for overweight and obesity. For example, the WC cut-

off points that correspond to overweight were in young black men 85 cm, in middle-aged 

88 cm and in the elderly 92 cm, while the respective values for white men were 89 cm,   

92 cm and 106 cm. Okosun et al. further investigated the predictive ability of the 

recommended WC cut-offs for abdominal obesity (≥ 88 cm in women and ≥ 102 cm in 

men) to identify type 2 diabetes among overweight Americans in NHANES: Among black 

men and women, aged 40-59 years, these cut-offs showed a low sensitivity (23.1%, 95 

CI%: [11.4-46.0] and 11.1% [3.4–18.9] with high specificity (84.7% [77.6–91.8] and 96.4% 

[89.3–99.4] to detect type 2 diabetes [67]. 

With respect to SSA, no previous study investigated BMI, WHR and WC cut-off points to 

identify type 2 diabetes. A cross-sectional study investigated WC cut-off points to identify 

hypertension and recommended 75.6 and 80.5 cm for men and 71.5 and 81.5 cm for 
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women of Nigerian and Cameroon origin to predict hypertension, respectively [68]. The 

optimal waist circumference cut-off point to identify the presence of at least two 

components of the metabolic syndrome was 86 cm for men and 92 cm for women in rural 

South Africans [69]. Another study from urban South Africa found that the waist 

circumference cut-off point for the identification of the metabolic syndrome among women 

was higher (91cm) compared to the cut-off recommended by the IDF (80cm) [70]. Thus, 

the evidence for specific cut-off points among SSA populations is insufficient and further 

research is required. 
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Table 4: Studies that investigated the association between anthropometric measures and diabetes in SSA 

First author 
(year) 

Study population Study 
design 

Anthropometric measure Main results 

Fisch et al. 
(1987) [71] 

7,472  (aged ≥ 15 
years), rural Mali 

cross-
sectional 
study 

BMI BMI was positively associated with diabetes: OR with 95% CI for BMI ≥ 29: 
3.89 [2.09-7.25] 
 

     
Aspray et al. 
(2000) [72] 

770 adults (aged ≥ 15 
years), rural and urban 
Tanzania 

cross-
sectional 
study 

BMI 
 
 
WHR 

BMI and WHR were positively associated with diabetes (OR with 95% CI)  
rural men: 1.83 [1.18-2.83], urban men: 1.65 [1.06-2.55], 
rural women: 12.16 [2.12-69.72], urban women: 1.22 [0.98-1.51] 
rural men:1.18 [0.86-1.62], urban men: 1.31[1.04-1.65] 
rural women: 1.42 [0.91-2.23], urban women: 1.18 [0.97-1.43] 

     
Balde et al. 
(2007) [44] 

1,537 participants (aged 
≥ 35 years), rural and 
urban Guinea 

cross-
sectional 
study 

 
 
BMI ≥ 30kg/m² 
WC ≥ 80cm (women) or ≥94cm (men)  
WHR ≥ 0.85 (women) or ≥0.95 (men) 

BMI, WC and WHR were positively associated with diabetes in univariate 
analysis, but only WC remained independently associated in multivariate 
analysis  
OR with 95% CI: 1.82 [0.85-3.91] 
OR with 95% CI: 1.96 [1.26-3.07] 
OR with 95% CI: 1.63 [1.01-2.63] 
 

Giday et al. 
(2010) [73] 

395 participants, urban 
and rural Southern 
Ethiopia 

cross-
sectional 
study 

 
BMI 
WHR 

BMI and WHR were positively associated with diabetes 
OR with 95% CI: 3.96 [1.76-8.92]  
OR with 95% CI: 2.83 [1.11-7.26] 

     
Motala et 
al.(2008) [45] 

1,025 participants, rural 
South Africa 

cross-
sectional 
study 

 
 
WC 
HC 

WC was positively and HC inversely associated with diabetes; BMI was not 
associated in multivariate analysis  
OR with 95% CI: 1.10 [1.04-1.16] 
OR with 95% CI: 0.92 [0.87-0.97] 

     
Mbanya et al. 
(2015) [46] 

8,663 participants, 
Cameroon  

cross-
sectional 
study 

 
 
BMI 

WC, WHtR and HC were positively, BMI and WHR were not associated with 
diabetes; WC was best predictor for diabetes in ROC-curve analysis  
OR with 95% CI for 1SD: 1.05 [0.98-1.13] 

   WC OR with 95% CI for 1SD: 1.30 [1.16-1.46] 
   WHR OR with 95% CI for 1SD: 1.05 [1.00-1.16] 
   WHtR OR with 95% CI for 1SD: 1.26 [1.11-1.39] 
   HC OR with 95% CI for 1SD: 1.18 [1.05-1.34] 
BMI: body mass index, CI: confidence interval, HC: hip circumference, OR: odds ratio, ROC: receiver operating characteristic analysis, SSA: sub-Saharan Africa, WC: waist 

circumference, WHR: waist-to-hip ratio, WHtR: waist-to-height ratio 
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1.3 Nutrition  

1.3.1 Dietary behavior in SSA 

Nutrition is one of the main public health concerns in SSA. The prevalence of 

undernutrition is one of the highest in the world, particularly in children under the age of 

five years [74]. At the same time, this region is also experiencing a rapid increase in 

obesity and diet-related chronic diseases [3]. This double burden of malnutrition causes a 

major public health challenge in SSA.  

Due to increasing rates of urbanization, SSA countries are experiencing a nutrition 

transition with a shift from a traditional diet to a western diet. Most of the African countries 

are at an early stage of this nutritional change. However, Ghana is one of the countries 

that has reached the latter stages [75, 76]. This transition seems to increase nutrition-

related NCD’s by changes in behaviors, diets (high in fat, refined carbohydrates, sugar, 

cholesterol and low in fiber), physical inactivity, smoking, alcohol consumption and 

increasing obesity prevalences [75, 77]. In fact, studies from urban SSA showed that 

buying street and processed foods and eating outside the home is frequent among urban 

citizens [78].  

 

Only a few small cross-sectional studies and surveys give information about the dietary 

behavior in Ghana. A cross-sectional study among 400 women from rural Ghana reported 

that typically three meals per day (79%) were consumed [79]. Two-thirds of the women 

cooked two meals per day at home; at least the dinner is prepared at home. Breakfast and 

lunch are usually bought at street vendors. Main dishes are made from cereals (maize, 

rice and millet), starchy roots (cassava, yam and cocoyam) and plantain. These foods 

provide the highest amount of the daily energy intake and diversity of the diet remains low 

[80]. They are usually served with soups or stews including fried or grilled fish, meat and 

vegetables. Large amounts of spices and palm oil are added. The main source of animal 

protein is fish [79], however the consumption of meat [79] and milk [79, 81] is very low. 

Vegetables (e.g. pepper, onion, garden eggs and tomato) are consumed on a daily basis 

mainly in soups or stews. The consumption of fruits is rather low and is influenced by a 

number of factors. Ghanaians with higher income or better education consume more fruits 

compared to those with a lower income or education [76]. Furthermore, the intake of fruits 

is higher among women than men. Fruits were also more consumed in rural areas, 

because of better accessibility and variety depending on the seasonality. In contrast, in 

urban areas the consumption of processed foods and snacks are more common [78]. With 

regard to the food balance sheets of the Food and Agricultural Organization, the per 
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capita daily energy supply in Ghana has increased from 1,729 kcal in 1990 to 3,003 kcal 

in 2011 [82]. About 70% of the daily energy supply is derived by carbohydrates, 20% by 

fat and the remaining 10% by protein [76]. Salted food such as fish and meat are often 

consumed and the addition of salt at the table is common in Ghana [83, 84]. With respect 

to alcohol consumption, 58-63% remain abstinent lifelong [85, 86], of the current drinkers 

(20.2%) 7.3% are heavy drinkers with having ≥ 5 units on one or more occasions during 

the week [85]. The Study on global AGEing and adult health (SAGE) reported, that the 

alcohol consumption in the elderly Ghanaian population (≥ 50 years) of frequent heavy 

drinkers is very low (1.1%) [87]. 

 

1.3.2 Methods to derive dietary patterns 

In the past, nutritional epidemiology has traditionally focused on the association between 

single nutrients or foods and a disease outcome. Nevertheless, this approach does not 

take into account the complexity of the human diet with their synergistic and interactive 

effects. Furthermore, the high degree of inter-correlation among nutrients and among 

foods makes it difficult to examine their separate effects. Therefore, dietary pattern 

analysis has led to a growing interest in nutritional research, because dietary patterns 

reflect different combinations of food intake and allow the assessment of the overall diet 

[88].  

Generally, dietary patterns are constructed by either an exploratory or a hypothesis-

oriented approach [88-90]. The hypothesis-oriented approach, also called “a priori” 

approach takes into account nutrition recommendations that are evidence-based for 

nutrition-disease relationships to construct dietary scores or indices. Examples of popular 

and well-established dietary pattern scores from Caucasian populations are the Healthy 

Eating Index, based on the US Department of Agriculture Food Guide Pyramid [91] and 

the Mediterranean Diet score [92]. Both scores rank participants to the degree they 

conform to specific dietary recommendations. For example, the Healthy Eating Index is a 

single, summary measure of the degree to which an individual’s diet conforms to the 

recommendations of the US Department of Agriculture Food Guide Pyramid and to 

specific recommendations in the US Dietary Guidelines for Americans [91]. This index 

measured the adherence to serving recommendations of ten equally weighted 

components (five food groups [grains, vegetables, fruits, milk and meat], four nutrients 

[intake of total fat, saturated fat, cholesterol and Sodium] and diet diversity). Each of the 

10 components has a score, ranging from 0 to 10, with a possible total index score of 100 

[91].  
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The exploratory, also called “a posteriori” techniques are entirely data-driven methods, 

such as principal component analysis (PCA), factor analysis or cluster analysis. These 

exploratory analyses are all dimension reduction techniques, hypothesis-free, and are 

constructed independent of their relevance to the outcome of interest. PCA and factor 

analysis identifies food items that are frequently consumed together among a study 

population. Both techniques reduce the original set of correlated variables into a smaller 

set of uncorrelated variables called principal components or factors [89]. This aggregation 

of food items or food groups is based on the degree to which they are correlated with 

each other (based on the covariance structure of food variables). In PCA the principle 

components are linear combinations of optimally weighted observed variables (food items 

or food groups) that account for the largest amount of variation in diet between individuals. 

In contrast, factor analysis assumes that the observed variables are linear combinations of 

unobservable (latent) factors [93]. Besides the theoretical differences between both 

techniques, the results of the factor analysis based on the principal factor method (usually 

used in dietary pattern analyses) are generally similar to PCA [90].  

In contrast, cluster analysis is used to group individuals into relatively homogenous 

subgroups (clusters) based on their similarities in food consumption data. Two methods 

are usually used to derive clusters: The hierarchical Ward’s method that minimize the 

variance within clusters or the non-hierarchical K-Means method that maximize the 

distance between clusters [94]. Further analyses are necessary to identify particular 

dietary characteristics and to interpret the identified clusters [88, 93]. 

The reduced rank regression (RRR) has been proposed as a new dimension-reduction 

technique which combines the advantages of the hypothesis-oriented and the exploratory 

approach [95]. The RRR considered the etiological scientific knowledge (e.g. about 

biomarkers or nutrients that are linked to a disease) and the nutritional information of a 

specific study population and is especially useful to identify health-related dietary patterns. 

This method determines linear combinations of predictor variables (e.g. food groups) by 

maximizing the explained variation in a set of response variables (e.g. nutrients or 

biomarkers) that are presumed to be related to the disease of interest [95]. 
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1.3.3 Dietary patterns in SSA 

With respect to SSA, only five cross-sectional studies in comparatively small and specific 

populations have attempted to identify dietary patterns by exploratory methods and are 

summarized in Table 5. The five studies from West- [78, 96], East- [97], Central- [98], and 

Southern-Africa [99] identified between two and five dietary patterns, which vary due to 

differences in the specific foods. Two of the studies obtained dietary patterns that were 

characterized by westernized habits. In a study from urban Burkina Faso, two dietary 

patterns were identified that were positively associated with the economic levels of 

households and with food expenditure [78]. One pattern was labeled as “snacking”, that 

was characterized by high consumption of fried foods, vegetable source fats, 

sugar/sweetened products, cereals, vegetables, milk and yoghurt, non-fatty meats and 

poultry, fresh fish, and roots and tubers. The second dietary pattern was labeled “modern 

food” and was characterized by high consumption of non-fatty meats and poultry, fatty 

processed meats, eggs, and low intake of cereals, nuts and seeds, beans and pulses, and 

vitamin A-rich fruits and vegetables. The “modern food” pattern was positively associated 

with overweight, whereas the “snacking” pattern was not associated with overweight. Also 

in a study from urban Benin [96], a dietary pattern was identified, that included western 

foods: This “transitional” labeled dietary pattern was characterized by a high intake of 

white bread and pasta, local roots and tubers, potatoes, meat, eggs, milk and milk 

products, sweets and soft drinks. Participants following the “transitional” pattern were of 

higher SES and were more often born in the city. In the same study, a second dietary 

pattern was identified that was labeled “traditional” and was characterized by high intake 

of fruits and grains. Participants adhering to the “traditional” pattern were of lower SES 

and were more often born in rural areas [96]. Keding et al. identified five dietary patterns 

among 252 women from rural Tanzania; two of them included traditional foods [97]. The 

“traditional coast” dietary pattern was characterized by high intake of fruits, nuts, starchy 

plants, and fish. The “traditional inland” dietary pattern was characterized by high intake of 

cereals, oil and fats, and vegetables. The ”traditional coast” pattern was negatively 

associated with hemoglobin levels. 

However, these five cross-sectional studies from SSA investigated associations between 

dietary patterns and socioeconomic status, overweight or hypertension (Table 5). 

Therefore, no previous study examined the association between dietary patterns and type 

2 diabetes in a SSA population. 
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Table 5: Dietary patterns derived by exploratory methods among SSA populations 

First 
author 
(year) 

Study 
population 

Study 
design 

Method Dietary  
assessment 
method 

Pattern 
exposures 

Outcome(s) Main results 

Maruapula 
et al. 
(2007) [99] 

1086 elderly, 
urban and 
rural 
Botswana 

cross-
sectional 
study 

factor 
analysis 

FFQ "beer" pattern socioeconomic 
conditions 

" beer" pattern was negatively associated with 
female gender: ß-coefficient (standard error) =        
-0.645 (0.108), p<0.001 

     "meat/fruit" pattern  "meat/fruit" pattern was negatively associated 
with religious affiliation to protestant churches:    
ß-coefficient (standard error) = 0.481 (0.125), 
p<0.001 

     "vegetable/bread" 
pattern 

 "vegetable/bread" pattern was negatively 
associated with rural living: ß-coefficient (standard 
error) = -0.646 (0.107), p<0.001 

     "seasonal 
produce" pattern 

 "seasonal produce" pattern was positively 
associated with snacking: ß-coefficient (standard 
error) = 0.515 (0.202), p = 0.011 

     "milk/tea/candy" 
pattern 

 "milk/tea/candy" pattern was positively associated  
with religious affiliation to protestant churches: ß-
coefficient (standard error) = 0.281 (0.133),           
p = 0.035 

        
Sodjinou 
et al. 
(2009) [96] 

200 men and 
women, urban 
Benin 

cross-
sectional 
study 

cluster 
analysis 

three 24HDR "traditional" 
pattern 

overall diet quality 
and 
sociodemographics 

participants of "traditional" pattern had lower 
socioeconomic status and were more often born 
in rural area 

     "transitional" 
pattern 

 participants of "transitional" pattern were better 
educated and were more often born in urban area 

        
Nkondjock 
et al. 
(2010) [98] 

 571 members 
of defence 
forces, urban 
Cameroon 

cross-
sectional 
study 

factor 
analysis 

FFQ "fruit and 
vegetable" pattern 

hypertension "fruit and vegetable" pattern was inversely 
associated with hypertension: OR [95% CI] for 
highest quartile = 0.41 [0.20-0.83] 

     "meat" pattern  "meat" pattern was not associated with 
hypertension: OR [95% CI] for highest quartile =   
1.12 [0.57-2.18] 

FFQ: food frequency questionnaire; 24HDR: 24 hour dietary recall; ß: beta-coefficient; CI: confidence interval; OR: odds ratio, SSA: sub-Saharan Africa 



 

INTRODUCTION                     14 

 

 
 

Table 5 continued 

First 
author 
(year) 

Study 
population 

Study 
design 

Method Dietary  
assessment 
method 

Pattern 
exposures 

Outcome(s) Main results 

Becquey 
et al. 
(2010) [78] 

1072 adults, 
urban Burkina 
Faso 

cross-
sectional 
study 

principal 
component 
analysis 

FFQ "snacking" pattern overweight both pattern were positively associated with 
economical level of households and with food 
expenditures 

     "modern food" 
pattern 

 “modern food” pattern was positively associated 
with overweight: OR [95% CI] = 1.19 [1.03-1.36] 

       snacking' pattern was not associated with 
overweight: OR [95% CI] = 1.04 [0.95-1.13] 

        
Keding et 
al. (2011) 
[97] 

252 middle-
aged women, 
rural 
Tanzania 

cross-
sectional 
study 

principal 
component 
analysis 

one 24HDR "traditional-coast" 
pattern 

BMI, hemoglobin 
level, 
socioeconomic 
status 

"purchase" pattern was positively correlated with 
BMI 

     "traditional-inland" 
pattern 

 "traditional coast" and "purchase" pattern were 
negatively correlated and "animal products" 
were positively correlated with hemoglobin level 

     "purchase" 
pattern 

 "animal products" pattern was positively 
associated with wealth 

     "pulses" pattern   
         "animal products" 

pattern 
    

FFQ: food frequency questionnaire; 24HDR: 24 hour dietary recall; ß: beta-coefficient; CI: confidence interval; OR: odds ratio 
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1.3.4 Dietary patterns and type 2 diabetes 

Numerous studies have identified prevailing dietary patterns by exploratory methods in 

US, European and Asian populations, and investigated their association with the risk of 

type 2 diabetes [100-107]. Most of them applied exploratory factor analysis [95-100]. 

Although the identified dietary patterns were somewhat population specific, there were 

notable similarities between the studies from Europe and USA. Most of these studies have 

found a healthy pattern (labeled as “prudent” dietary pattern), characterized by a high 

consumption of healthy foods such as fruits, vegetables, fish, poultry and whole grains, 

associated with a reduced risk of type 2 diabetes [103, 104, 108, 109], and a less healthy 

pattern (labeled as “Western” dietary pattern), characterized by a high consumption of 

foods such as processed and red meats, fried foods, sweets and desserts, and refined 

grains, related to a higher risk of type 2 diabetes [101, 104, 109].  

 

With regard to RRR, only few epidemiological studies investigated the association 

between dietary patterns and type 2 diabetes among Caucasian populations [95,110-115]. 

These prospective studies among Caucasian populations are summarized in Table 6. The 

studies identified dietary patterns by the use of different biomarkers or nutrients as 

response variables including inflammatory biomarkers [111, 113], HOMA-IR (homeostasis 

model assessment for insulin resistance) [112], HbA1c, high-density lipoprotein (HDL)-

cholesterol, inflammatory marker (C-reactive protein (CRP)) and adiponectin [110] or ratio 

of polyunsaturated fat intake to saturated fat intake, fiber, dietary magnesium and alcohol 

intake [95] that were all strongly associated with type 2 diabetes. Despite the different 

biomarkers selected as response variables, there are some similarities between the 

dietary patterns: processed meat, sugar-sweetened beverages and refined grains were 

main contributors of these patterns and positively associated with type 2 diabetes [111-

113]. Two studies investigated the generalizability of the associations between the RRR-

derived dietary patterns and type 2 diabetes among independent European [114] and US 

populations [115]. The European Prospective Investigation into Cancer and Nutrition 

(EPIC)-InterAct study reported a good generalizability for three RRR dietary pattern 

scores based on the American Nurses’ Health Study (NHS), the German EPIC-Potsdam 

Study and the British Whitehall II Study (WHS) [114]. In contrast, the American 

Framingham Offspring Study found a good generalizability for the American NHS derived 

dietary pattern, but the dietary patterns based on the European studies (EPIC-Potsdam 

Study and WHS) were significantly less predictive for type 2 diabetes risk [115].  
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Table 6: Dietary patterns derived by reduced rank regression and type 2 diabetes risk among Caucasian populations 

First author 
(year) 

Study population Study 
design 

Dietary  
assessment 
method 

Predictor/Response variables Pattern exposures Main results 

Hoffmann et 
al. (2003) [95] 

European Prospective 
Investigation into 
Cancer and Nutrition 
(EPIC)-Potsdam Study: 
192 incident cases and 
385 controls 
 

nested 
case-
control 
study 

semi-
quantitative 
FFQ with 
148 food 
items 

49 food groups as predictors 
and ratio of polyunsaturated fat 
intake to saturated fat intake, 
fiber intake, dietary magnesium 
intake, and alcohol as 
responses 

high intake of alcohol 
and fiber and low in 
magnesium 

4 factors were identified but only the 
4th were associated with diabetes 
(RR [95% CI] for 1SD: 0.68 [0.54-
0.85]) 

Heidemann 
et al. (2005) 
[110] 

EPIC-Potsdam Study: 
192 incident cases and 
382 controls 

nested 
case-
control 
study 

semi-
quantitative 
FFQ with 
148 food 
items 

48 food groups as predictors 
and HbA1c, HDL-cholesterol, C-
reactive protein (CRP) and 
adiponectin as responses 

high intake of fresh 
fruit and a low intake 
of high-caloric soft 
drinks, beer, red meat, 
poultry, processed 
meat, legumes and 
bread (excluding 
wholegrain bread) 

4 pattern scores were obtained. First 
score were used for further analyses. 
This pattern was positively associated 
with HDL-cholesterol and adiponectin 
and inversely with CRP and HbA1c 
pattern was inversely associated with 
diabetes (OR [95% CI] comparing 
extreme quintiles: 0.27 [0.13–0.64]) 
 

Schulze et 
al. (2005) 
[113] 

Nurses’ Health Study 
(NHS): 656 type 2 
diabetes cases, 694 
controls 

nested 
case-
control 
study 

semi-
quantitative 
FFQ  

39 food groups as predictors 
and six inflammatory biomarker 
as responses: interleukin 6 (IL-
6), soluble tumor necrosis factor   
receptor 2 (sTNFR2), C-reactive 
protein (CRP), E-selectin, 
soluble intracellular cell 
adhesion molecule 1 (sICAM-1), 
and soluble vascular cell 
adhesion molecule 1 (sVCAM-1) 

High consumption in 
sugar-sweetened soft 
drinks, refined grains, 
diet soft drinks, and 
processed meat but 
low in wine, coffee, 
cruciferous 
vegetables, and 
yellow vegetables, 

dietary pattern was positively 
correlated with all inflammatory 
biomarkers) 
 
pattern was associated with an 
increased risk of diabetes (OR [95% 
CI] comparing extreme quintiles: 3.09 
[1.99-4.79]) 

  NHS:1517 incident 
cases among 35,340 
women 

prospective  
cohort study 

    RR [95% CI] comparing extreme 
quintiles: 2.56 [ 2.10-3.12], p for trend 
<0.001) 

 NHS II:724 incident 
cases among 89,311 
women 

prospective cohort 
study 

  relative risks [95% CI] comparing 
extreme quintiles: 2.93 [2.18- 3.92], p 
for trend <0.001) 

FFQ: food frequency questionnaire, EPIC: European Prospective Investigation into Cancer and Nutrition, NHS: Nurses’ Health Study; CI: confidence interval; OR: odds ratio; RR: 
relative risk 
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Table 6 continued 

First author 
(year) 

Study 
population 

Study 
design 

Dietary  
assessment 
method 

Predictor/Response 
variables 

Pattern exposures Main results 

McNaugthon 
et al. (2008) 
[112] 

Whitehall II 
Study (WHS); 
427 incident 
cases among 
7,339 
participants 

prospective 
cohort study 

FFQ with 127 
food items  

71 food groups (excluding 
alcohol) as predictors and 
HOMA-IR as response 

high consumption of low-
calorie/diet soft drinks, onions, 
sugar-sweetened beverages, 
burgers and sausages, crisps and 
other snacks, and white bread 
and low consumption of medium-
/high-fiber breakfast cereals, jam, 
French dressing/vinaigrette, and 
whole meal bread 

pattern was positively 
correlated with HOMA-IR 
(r= 0.24, P  < 0.0001) 
 
HR [95% CI] comparing 
extreme quartiles: 2.95 
[2.19-3.97] 

       
Liese et al. 
(2009) [111] 

Insulin 
Resistance 
Atherosclerosis 
Study; 144 
incident diabetes 
cases among 
880 participants 

prospective 
cohort study 

semi-
quantitative 
FFQ with 114 
food items 

33 food groups as 
predictors and plasminogen 
activator inhibitor-1 (PAI-1) 
and fibrinogen as 
responses 

High intake in red meat, low-fiber 
bread and cereal, dried beans, 
fried potatoes, tomato vegetables, 
eggs, cheese, and cottage 
cheese and low intake of wine 

pattern was positively 
associated with PAI-1 and 
fibrinogen 
 
OR [95% CI] comparing 
extreme quartiles was 4.3 
[1.7-10.8] 

FFQ: food frequency questionnaire, EPIC: European Prospective Investigation into Cancer and Nutrition, NHS: Nurses’ Health Study; WHS: Whitehall II Study; HOMA-IR: 
homeostasis model assessment for insulin resistance; CI: confidence interval; HR: hazard ratio; OR: odds ratio 
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Table 6 continued 

First 
author 
(year) 

Study population Study 
design 

Dietary  
assessment 
method 

Predictor/Response 
variables 

Pattern exposures Main results 

Imamura et 
al. (2009) 
[115] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Framingham 
Offspring Study; 
158 incident 
diabetes cases 
among 2879 
participants 

prospective 
cohort 
study 

semi-
quantitative 
FFQ with 126 
food items 

3 RRR analyses: 39 food 
groups of the NHS, 48 food 
groups of the EPIC-Study, 
and 71 food groups of the 
WHS as predictors and BMI, 
fasting glucose, triglyceride, 
HDL-cholesterol, and 
hypertension (based on 
elevated systolic and/or 
diastolic blood pressure or 
hypertension treatment) as 
responses. 

NHS dietary pattern: high intake in 
red meat, processed meat, 
margarine, refined grains, low-
calorie soft drinks and caloric soft 
drinks, french fries, fried foods and 
pizza and low in dark-yellow 
vegetables, green leafy vegetables, 
whole grains, wine and other 
alcoholic beverages 
EPIC dietary pattern: high intake in 
red meat, processed meat, 
margarine, refined grains, low-
calorie soft drinks, french fries and 
pizza and low in wine, beer and 
other alcoholic beverages  
WHS dietary pattern: high 
consumption of beef burgers and 
sausages, refined grains, low-
calorie soft drinks, fried foods and 
pizza and low in dried fruit (raisins) 

Dietary patterns were 
positively associated 
with diabetes (RR 
[95% CI] comparing 
extreme quintiles:  
NHS: 3.22 [1.93-5.38] 
EPIC: 5.46 [3.02-9.87] 
WHS: 4.02 [2.39-6.75] 

       
Kröger et 
al. (2014) 
[114] 

EPIC-Study: 
France, Spain, UK, 
Netherlands, 
Germany, Sweden, 
Denmark; 9682 
incident cases; 
(661 incident cases 
in subcohort) 
12595 participants 
in the subcohort 

case-cohort 
study 

country-
specific 
validated 
dietary 
questionnaires 
(quantitative 
and semi-
quantitative) 

RRR1 derived in the NHS 
using six inflammatory 
markers as responses 
RRR2 derived in the EPIC-
Potsdam study using HbA1c, 
HDL-cholesterol, CRP and 
adiponectin as responses 
RRR3 derived in the WHS 
using HOMA-IR as response 

 Dietary patterns were 
inversely associated 
with diabetes (RR 
[95% CI] comparing 
extreme quintiles:  
RRR1: 0.76 [0.67-0.86]  
RRR2: 0.85 [0.75-0.97]  
RRR3: 0.65 [0.58-0.73] 

FFQ: food frequency questionnaire, EPIC: European Prospective Investigation into Cancer and Nutrition, NHS: Nurses’ Health Study; WHS: Whitehall II Study; CRP: C-reactive 
protein; HOMA-IR: homeostasis model assessment for insulin resistance; CI: confidence interval; RR: relative risk; RRR: reduced rank regression
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1.4 Public health relevance 

Type 2 diabetes, once a problem in the developed countries, has now become a global 

public health challenge, particularly in the developing countries. While in 2014 an overall 

diabetes prevalence of 5.2% for the African region was estimated, SSA is expected to 

witness the highest increase in the number of people with diabetes within the next 20 

years [2]. This trend has been rising simultaneously with overweight and obesity in this 

region [3]. However, SSA is still dealing with infectious diseases such as malaria, HIV-

infections and tuberculosis [5]. This double burden of communicable and non-

communicable diseases poses a major public health challenge in this region, where 

financial and health resources are limited. In contrast to the developed countries, where 

the majority of people with diabetes are older than 60 years, diabetes occurred in people 

in the economically productive age of 30-45 years in SSA [116]. The late diagnosis of 

diabetes in SSA, coupled with a poor glycemic control and inequalities in access to anti-

diabetic medications, leads to an early onset of diabetes-related complications and 

premature deaths [116, 117]. Furthermore, Africa had the highest prevalence of 

undiagnosed diabetes (62%) and the lowest diabetes healthcare expenditure worldwide 

[2]. This demonstrates the inadequate response to this growing health burden. 

Researchers and policy makers are still focused primarily on the prevention of infectious 

diseases. However, an early identification and treatment is essential to avoid severe 

complications of diabetes. In SSA, microvascular complications such as retinopathy, 

nephropathy and neuropathy are more common than macrovascular complications such 

as coronary heart disease, peripheral arterial disease and stroke [118]. A systematic 

review found that the prevalence for diabetic retinopathy ranged from 30.2% to 31.6% in 

population-based studies and from 7.0% to 62.4% in diabetes clinic based studies [119]. 

At the time of initial diagnosis 21-25% of the type 2 diabetes patients have a retinopathy 

[118]. Although, macrovascular complications are low compared to other regions, 

prevalences within type 2 diabetes patients are rising in SSA [120]. Awareness of risk 

factors and diabetes in the general population seems to be low [121, 122]. Furthermore, 

several studies have consistently shown that diabetes patients have a poor knowledge of 

their conditions and how to manage them [123-127]. Contrasting the increasing 

prevalences of type 2 diabetes and obesity and the growing public health relevance, 

studies on type 2 diabetes are remarkable scarce in SSA. 
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1.5 Objectives and research questions 

Although obesity and the nutritional behavior are the main risk factors for type 2 diabetes 

[6], essential knowledge on these two risk factors and their relationships with type 2 

diabetes barely exist in SSA. Particularly in urban areas of SSA, the prevalence of 

overweight and obesity is increasing dramatically [3, 4]. However, the associations 

between obesity measures and the risk of type 2 diabetes are only insufficiently examined 

in this region [44-46, 71-73]. It is still controversial which measures of overweight and 

obesity best reflect an increased risk for type 2 diabetes in non-Caucasian populations 

[128]. Furthermore, it is unclear, whether the usual cut-offs for BMI, WC and WHR, which 

have been mainly derived among Caucasian populations, are appropriate for other 

populations [52-54]. With respect to the nutritional behavior, studies on dietary patterns 

from SSA are limited. Only a few cross-sectional studies derived dietary patterns by 

exploratory methods [78, 96-99]. However, no previous study investigated their 

relationship with type 2 diabetes among an SSA population. Furthermore, no previous 

study from SSA applied the RRR method to derive health-related dietary patterns.   

 

To address these research gaps mentioned before, it is of great interest to assess the 

impact of these two major risk factors for type 2 diabetes among an SSA population. 

Thus, the first aim of this thesis is to investigate the associations between various 

anthropometric measures and type 2 diabetes and to assess the appropriateness of 

specific cut-off points for BMI, WC and WHR in an urban Ghanaian study population in the 

Kumasi Diabetes and Hypertension study. The second aim of this thesis is to describe the 

dietary behavior and to examine the associations between dietary patterns derived by an 

exploratory factor analysis and type 2 diabetes. Finally, the third aim is to identify a dietary 

pattern by using the reduced rank regression (RRR) approach and to evaluate the 

association between this dietary pattern and type 2 diabetes. 
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In particular, the following research questions were addressed: 

• Is there an association between various anthropometric measures and type 

2 diabetes risk? 

• Which anthropometric measure has the best discriminative power for the 

identification of type 2 diabetes cases? 

• Are the current cut-off points for BMI, WC and WHR, which have been 

mainly derived among Caucasian populations, transferable to this Ghanaian 

study population? 

• What are the optimal BMI, WC and WHR cut-off points for the identification 

of type 2 diabetes in this study population?  

• How is the macronutrient and energy intake and dietary behavior 

characterized by one 24 hour dietary recall and a local-specific food 

frequency questionnaire in this study population? 

• What dietary patterns can be identified by an exploratory factor analysis and 

are those patterns associated with type 2 diabetes? 

• What dietary pattern can be derived by using food items as predictor 

variables and biomarkers that are related to diet and the pathophysiology of 

type 2 diabetes as response variables in reduced rank regression, and is this 

pattern associated with the risk of type 2 diabetes? 
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2 STUDY POPULATION AND METHODS 

2.1 Kumasi Diabetes and Hypertension study 

2.1.1 Study setting 

The Kumasi Diabetes and Hypertension (KDH) study was conducted at the Komfo Anokye 

Teaching Hospital (KATH) in Kumasi, the Ashanti Region of Ghana, between August 2007 

and June 2008 [129, 130]. According to the World Bank, Ghana has a population of 

approximately 26.79 million inhabitants and belongs to the “low-middle income countries” 

with a gross domestic product (GDP) per year of 38.65 billion US dollars and a gross 

national income (GNI) per capita of 1600 US dollars [131]. The official language is English 

and Akan is the most widely spoken indigenous language in this country [132]. Since 1957 

Ghana had a compulsory school attendance and since 1996 all school-age children 

received a free and compulsory quality primary education [133]. These reforms helped to 

improve the education system and to reduce the literacy rates. In 2010, the total adult 

literacy rate (percentage of persons aged 15 and above who can read and write) was 

71.5%, with a notable gap between men (78.3%) and women (65.3%) [131]. In 2003, the 

government of Ghana introduced a national health insurance scheme to replace the 

existing cash and carry system (pay as you access) and to provide an equitable access 

and financial coverage for health care services to all Ghanaian citizens [134]. The 

prevalence of diabetes is about 6% in Ghana [15]. Diabetes patients receive care at the 

KATH, which is the second largest tertiary hospital in the Kumasi Metropolitan area. At 

KATH, the diabetes and hypertension clinics are frequented each by > 100 patients/week 

and this hospital has a capacity of 1000 beds.  

 

2.1.2 Study design and study population 

The primary aim of this unmatched case-control study was to identify risk factors for type 

2 diabetes (and hypertension). Cases were recruited from a pool of patients attending the 

diabetes center (n=495) and hypertension clinic (n=451) at the KATH. Friends, neighbors 

and community members (n=222) were encouraged to participate as potential controls. 

Further preliminary controls came from the outpatient department (n=150) and hospital 

staff (n=148). 

Type 2 diabetes cases were defined as having fasting plasma glucose (FPG) ≥ 7 mmol/L 

and/or documented anti-diabetic medication [135]. Hypertension was defined as having a 

mean blood pressure ≥ 140/90 mmHg and/or documented antihypertensive treatment. 

Controls were negative for both conditions.  
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Inclusion criteria were an informed written consent, age ≥ 18 years and residence in the 

Kumasi Metropolitan area or adjacent districts. Exclusion criteria were ambiguous results 

of glucose and/or blood pressure measurements, known liver cirrhosis or a pregnancy. All 

participants were informed on purpose and conduct of the study and provided consent by 

signing or thumb printing on a consent form. The study protocol was reviewed and 

approved by the Ethics Committee, School of Medical Sciences, University of Science and 

Technology, Kumasi. 

 

2.1.3 Data collection 

The participants were instructed to remain fasting from 10:00 p.m. on the evening before, 

to abstain from alcoholic drinks, smoking and excessive physical activity. On the 

examination day, participants underwent a routine physical and clinical examination 

including anthropometric measurements and a personal interview on socio-demographic 

background, medical history, economic status and physical activity. In addition, fasting 

venous blood and urine samples were collected.  

 

Anthropometric and body composition measurements  

During the physical examination anthropometric measurements were taken in the 

standing position by a trained nurse following standardized procedures. The participants 

wore light clothes without shoes. Weight was measured on an electronic personal scale to 

the nearest 0.1 kg and height with a stadiometer to the nearest 0.1 cm. Waist 

circumference (WC) was determined two fingers’ breadth below the lowest rib using a 

measuring tape and hip circumference (HC) at the level of the widest diameter around the 

gluteal protuberance (all devices, Seca, Germany). Body composition was assessed by 

bioelectric impedance (BIA) (50 kHz; Nutrigard-S, NutriPlus 1.0; Data Input Germany). 

BMI was calculated as weight/(height)2 [kg/m²]. Cut-offs for overweight and obesity were 

defined according to the WHO classifications (Table 2): Overweight was defined as BMI 

25.0–29.9 kg/m² and obesity as BMI ≥ 30.0 kg/m². The WC cut-offs corresponding to BMI-

defined overweight were defined as WC ≥ 80 cm in women and ≥ 94 cm in men, central 

obesity was defined as WC ≥ 88 cm in women and ≥ 102 cm in men according to the 

WHO thresholds (Table 3). WHR was calculated as WC/HC and WHtR as WC/height. To 

identify the optimal cut-off point, central obesity was defined as WHR ≥ 0.85 for women 

and ≥ 0.90 for men as recommended by the WHO (Table 3) [24]. 
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Dietary assessment 

Food frequency questionnaire (FFQ) 

For the nutritional assessment, a locally specific FFQ was designed. This FFQ is depicted 

in the appendix (Figure S1). In face-to-face interviews, trained nurses speaking the local 

language applied the FFQ to all participants in a separate air-conditioned room after 

breakfast. The FFQ queried for the usual weekly consumption of fifty-one food items in ten 

food categories over the past 12 months: ‘During the past 12 months, how often did you 

usually consume the following foods per week?’ Food categories of the FFQ were based 

on the latest Ghana Demographic and Health Survey [136]. These categories were 

starchy roots and plantain; cereals and cereal products; animal products; legumes, nuts 

and oilseeds; fruits; vegetables; fats and oils; salt and spices; sweets; and liquids 

(appendix: Table S1). No portion sizes were available. Thus, the FFQ covered 

frequencies, but not quantities, of food consumption. There were six response categories: 

never; seldom (1 x per week); 1–2 x per week; 3–4 x per week; 5–6 x per week; daily. 

This FFQ has not been validated yet. 

 

24 hour dietary recall (24HDR) 

To describe energy and macronutrient intakes at the study population level, a single 

24HDR was administered to each participant. An exemplary page of one 24HDR is shown 

in the appendix (Figure S2). Trained study personnel speaking the local language applied 

the 5-steps multiple-pass method in face-to-face interviews. Food and beverage 

consumption between midnight of the pre-last day and midnight of the last day was 

recorded in detail. Time and occasion of the meals were included. All consumed foods, 

their mode of preparation and their portion sizes, estimated by Ghanaian household 

utensils, were documented. The daily intakes of energy (kcal/d), protein, carbohydrates, 

total fat and dietary fiber (g/d) were derived from the 24HDR. The estimated portion sizes 

were converted into grams, and Ghana specific nutrient composition tables [137-139] 

were used to translate the consumed foods into macronutrient and energy intake. For 

comparisons of macronutrient intakes between diabetes cases and controls, the 

respective values were standardized per 1000 kcal/d. 
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Covariate assessment 

Socio-demographic variables 

Socio-demographic data were documented in face-to-face interviews by trained study 

personnel speaking the local language. These comprised age, sex, residence, ethnic 

group, education (none, primary, secondary, tertiary or other), literacy (able or unable to 

read and write), occupation (subsistence farmer, commercial farmer, casual labourer, 

artisan, trader, businessman/woman, public servant, unemployed or other), household 

assets (electricity, pipe water, fan, fridge, cupboard, radio, tv, bicycle, motor bike, car, 

truck and tractor and cattle (yes/no)) and the number of  people living in the household. 

For the construction of a SES sum score, which was developed by Franziska Jannasch in 

2013 [140], the common proxy markers education, occupation and income were used. 

The exact procedure of the construction is depicted in Figure 1. First a new variable was 

constructed by combining the information regarding education and literacy. This new 

variable with four characteristics covered information about having a graduation and being 

able to write and read; points from 0 to 3 were given. Occupation, originally a variable with 

nine characteristics, was condensed to a new variable with five characteristics, given the 

points 0 to 4. Due to the problems of a valid ascertainment of income in Ghana, a list of 11 

household assets was recorded. An income score ranging from 0 to 12 points was 

constructed based on these assets and the number of people living in the household. The 

income score was divided into quartiles, given the points 0 to 3. To create the overall SES 

sum score the points of education, occupation and the income score were summed up to 

a score ranging from 0 to 10 points. The score were divided in three groups: 0 to 4 points 

were defined as very low SES, 5-8 points as low SES and 9 to 10 points were defined as 

moderate SES. 
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Figure 1: Construction of the socioeconomic status (SES) sum score [141] 

The common proxy markers education, occupation and income were used to construct the SES 
sum score ranging from 0 to 10 points. 0 to 4 points were defined as very low SES, 5-8 as low SES 
and 9 to 10 points were defined as moderate SES. 
 

Medical history 

A questionnaire for medical history was applied in these interviews including questions on 

own and family history of diabetes (yes or no), medications, previous and current diseases 

and smoking behavior (never, previous or current).  

Physical activity 

Physical activity was recorded as the duration (min/week) and type (i.e. intensity) of work-

related, transportation-related and leisure-time physical activity. These data were 

translated into daily energy expenditure (kJ/d) as the sum of metabolic equivalents 

corresponding to activity intensity (ml/kg per min) x body weight (kg) x duration (min) 

[142]. 

Blood pressure 

During the physical examination blood pressure and heart rate were measured in 

triplicates on a comfortable chair after 10 min resting time in an air-conditioned room (M8 

Comfort, Omron, Japan). Blood pressure was determined as the mean of all three 

measurements. 
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Plasmodium falciparium infection 

Detection of P. falciparum was performed by primer-specific PCR [143]. 

Blood collection and biomarker measurement 

Fasting blood samples were collected into fluoride and serum tubes from each participant. 

In fluoride whole blood, FPG was measured immediately after blood collection by 

photometry (Glucose 201+ Analyzer, HemoCue, Ångelholm, Sweden). FPG is presented 

as plasma equivalents. The inter-assay coefficient of variation (CV) ranged between 1.7 

and 6.1%. Serum tubes were centrifuged at 8,000 rpm for 10 min and aliquots were frozen 

at -20°C. On dry ice, samples were transferred to the German Institute of Human Nutrition 

Potsdam-Rehbruecke, where following biomarkers were measured using standard 

techniques:  triglycerides, HDL-cholesterol and total cholesterol were measured by 

colorimetric assays (ABX Pentra400, Horiba Medical, Reichenbach, Germany). The inter-

assay CVs were 4.5%, 1.8% and 3.0%, respectively. Low-density lipoprotein (LDL) 

cholesterol was calculated according to the Friedewald formula [144]. If triglycerides were 

> 3.0 mmol/L, LDL-cholesterol was quantified directly. Total adiponectin concentration 

was measured using a commercially available ELISA with intra- and inter-assay CVs of 

4.9% and 6.7% (BioVendor, Heidelberg, Germany). Serum C-reactive protein (CRP) was 

quantified by turbidimetric immunoprecipitation (ABX Pentra400, Horiba Medical, 

Germany) with an inter-assay CV of 2.2%. The Homeostatic Model Assessment (HOMA) 

is a method used to quantify insulin resistance [145]. HOMA-IR was calculated according 

to the formula = Fasting Insulin (µU/ml) x Fasting plasma glucose (mmol/L) / 22.5 [145]. 

Selection of response variables for RRR 

The three response variables adiponectin, HDL-cholesterol and triglycerides were chosen 

because they are affected by diet and are related to the pathophysiology of type 2 

diabetes: Randomized clinical trials showed that a diet high in complex carbohydrates, 

mono-unsaturated fatty acid (MUFA), and fiber and fish intake increased the adiponectin 

concentrations [146, 147]. In addition, moderate alcohol consumption [148] and a diet with 

a low glycemic load [149] raised the adiponectin levels. Furthermore, many studies have 

reported that adiponectin has an insulin-sensitizing effect and anti-inflammatory properties 

and higher adiponectin levels are associated with a lower type 2 diabetes risk [150]. 

A meta-analysis of experimental studies which investigated the effect of moderate alcohol 

intake on lipids found that a dose of 30g ethanol per day increased HDL-cholesterol and 

triglyceride concentrations [151]. Furthermore, a diet low in carbohydrates [152] or high in 

MUFA [153] increased the concentrations of HDL-cholesterol and decreased triglycerides. 

In contrast, a high intake of trans-fatty acids decreased the concentrations of HDL-

cholesterol and raised triglyceride concentrations [154]. HDL-cholesterol plays an 



STUDY POPULATION AND METHODS                                                                           28 

 

 
 

important role in glucose metabolism; it modulates mechanisms including insulin 

sensitivity, insulin secretion and glucose uptake by skeletal muscles [155]. In addition, 

type 2 diabetes is associated with decreased HDL-cholesterol concentrations and 

increased triglyceride concentrations [156]. 

 

2.1.4 Analytical study population 

For the present thesis data from the KDH study were used. Participants without diabetes 

(controls + hypertensive participants) were defined as controls for this work. Figure 2 

shows the exclusion criteria and respective number of participants of the analytical study 

population within the KDH study. From the 1466 participants, that were initially included in 

the KDH study, 245 were excluded due to missing information on nutrition (141), 

anthropometry (39), socio-economic status (SES, 31) and genetic polymorphisms (34). 

Thus, 1221 individuals (679 controls, 542 diabetes cases) remained for the analyses 

(Figure 2). The number of excluded participants was similar between diabetes cases and 

controls. The baseline characteristics did not differ between excluded and included 

participants. For example: age, gender and BMI were fairly comparable between the 

excluded participants and those remaining in the analyses (mean age: 52.0 ± 15.1 vs. 

50.4 ± 15.3 years; gender: 77.5% vs. 75.5% women; mean BMI: 26.0 ± 5.3 vs. 25.8 ± 5.2 

kg/m2).   

The analytical study population of 1221 participants was considered for the evaluation of 

the associations between anthropometric measures and type 2 diabetes, characterization 

of the dietary behavior and for the evaluation of the associations between dietary patterns 

derived by exploratory factor analysis and type 2 diabetes. For the evaluation of the 

association between a dietary pattern derived by RRR analysis and type 2 diabetes, 

further 15 individuals were excluded due to missing data on biomarkers. Hence, this 

analysis comprised 1206 individuals (668 controls, 538 diabetes cases).  
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Figure 2: Flow diagram of analytical study population 

FFQ: food frequency questionnaire, 24HDR: 24 hour dietary recall, SNPs: single nucleotide 
polymorphism 
 

 

2.2 Statistical analysis 

All statistical analyses were performed using SAS statistical software (version 9.4, SAS 

Institute, Cary, NC, USA).  

The general characteristics of the study population were compared between type 2 

diabetes cases and controls. Arithmetic means and respective standard deviation or 

median with interquartile range were computed for continuous variables and participant 

number and respective proportion were computed for categorical variables. To test for 

significant differences in baseline characteristics between type 2 diabetes cases and 

controls the non-parametric Mann-Whitney U test was used for continuous and χ²-test for 

categorical variables. Generally, all statistical test were two-sided with a significance level 

at < 0.05. 
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2.2.1 Anthropometry 

All analyses were performed separately for women and men, because of sex-specific 

differences in anthropometry.   

Anthropometric characteristics 

Anthropometric characteristics and prevalences of overweight and obesity between 

diabetes cases and controls were compared by Mann-Whitney-U-test for continuous 

variables and by χ²-test for categorical variables. Age-adjusted Spearman correlations 

were used to assess the relationship between anthropometric measures. 

Associations between anthropometric measures and type 2 diabetes 

To evaluate associations between anthropometric measures and type 2 diabetes, the 

measures of interest (BMI, WC, HC, WHR and WHtR) were categorized into quintiles 

based on their distribution among the controls. Odds ratios (OR) and corresponding 95% 

confidence intervals (CI) for the association between various anthropometric measures 

and type 2 diabetes were evaluated across quintiles and per 1 standard deviation (SD) 

difference in anthropometric measures using multivariate-adjusted logistic regression. The 

lowest quintile was used as the reference category among women and, for sample size 

reasons, the two lowest quintiles among men. The significance of a linear trend across the 

categories was tested by assigning each participant the median of a category and by 

modeling this value as a continuous variable.  

When evaluating the associations between anthropometric measures and type 2 diabetes, 

various confounders were considered: the basic model was adjusted for age (model 1), 

the second model was further adjusted for smoking status (current or never/ex-smoker), 

family history of diabetes (yes/no), educational attainment (any/none), fat and fiber intake 

(g/1000kcal) (model 2). An alternative second model was adjusted for age, smoking status 

(current or never/ex-smoker), family history of diabetes (yes/no), SES sum score, fat and 

fiber intake (g/1000kcal) (model 2a). The final model was adjusted for age, smoking status 

(current or never/ex-smoker), family history of diabetes (yes/no), SES sum score, fat and 

fiber intake (g/1000kcal) and BMI to test whether the associations are independent of 

general obesity (model 3).  

Sensitivity analyses 

Sensitivity analyses were performed to test the robustness of the results: To test whether 

the associations between anthropometric measures and type 2 diabetes was confounded 

by systolic and diastolic blood pressure and P. falciparum infection [129], the second 

model (model 2a) was further adjusted for these factors. Interactions of the association 
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between anthropometric measures and type 2 diabetes with the SES sum score (very low 

SES vs. low SES vs. moderate SES) were tested by performing stratified analyses, 

evaluating the significance of cross-product terms. 

Discrimination of anthropometric measures 

Receiver operating characteristic (ROC) curve analysis was used to compare the 

discriminative abilities of anthropometric measures for identifying diabetes cases. A ROC 

curve is a graphical plot of sensitivity vs. false-positive rate (1-specificity) over all possible 

cut-off points for classifying patients as positive vs. negative as it is exemplified in    

Figure 3. The area under the ROC curve (ROC-AUC) discriminates between diseased 

and non-diseased persons and estimates the probability that the predicted risk for a 

diseased person is higher than that for a non-diseased person [157]. A ROC-AUC of 0.5 

reflects an uninformative model such as tossing a coin, whereas an ROC-AUC of 1.0 

represents perfect discrimination [158]. The ROC-AUC estimated the discriminative 

capabilities of those anthropometric measures associated with diabetes. ROC-AUCs and 

95% CI were calculated and compared using the method by DeLong et al. [159]. For the 

ROC-AUC analysis the multivariate-adjusted model (model 2a) was applied, including 

age, diabetes family history, SES sum score, smoking status, fiber intake, fat intake and 

energy expenditure. 

 

 
Figure 3: Example of a receiver operating characteristic (ROC) curve  

The area under the curve (AUC) is 0.785 [95%CI: 0.756-0.815]. The Youden index indicates the 
point that is located nearest to the upper left corner as the ‘optimal’ cut-point with highest sensitivity 
and specificity at the same time (red dot). 
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Examination of cut-offs 

Sensitivity and specificity of sex-specific cut-off points for BMI, WC and WHR 

recommended by the WHO [24] were estimated using ROC curve analysis. The Youden 

index was computed to identify population-specific cut-off points of these measures for the 

optimal differentiation between cases and controls. The Youden index is the point on the 

ROC curve that is located nearest to the upper right corner with having highest sensitivity 

and specificity at the same time (Figure 3). This maximum cut-point refers to the optimal 

cut-point. The Youden index is derived from maximum (sensitivity + specificity – 1) and 

ranges from 0 to 1 [160].  

In sensitivity analysis diabetes cases with a poor glycemic control (FPG ≥ 7 mmol/L) were 

excluded to investigate whether those cases had an impact on the cut-off points.  

 

 2.2.2 Factor analysis 

An exploratory factor analysis was applied by using thirty-three food items or food groups 

from the FFQ for the identification of dietary patterns. Of the fifty-one original food items of 

the FFQ, some food items were collapsed or excluded as described in Table S1 
(appendix). Briefly, “alcoholic beverages” were excluded because the majority of 

participants (> 90%) never consumed such beverages as well as “water”, “tomatoes”, and 

“pepper” which were consumed on a daily basis by all participants and thus did not 

contribute to variation in the usual diet. Furthermore, “spices” were excluded as they did 

not considerably contribute to energy and macronutrient intake. The single fruit items 

(orange, mango, papaya, pineapple, banana and avocado) were grouped into one food 

group “fruits” to avoid overrepresentation of fruit intake in the pattern analysis. Also, 

“chocolate”, “ice cream” and “toffee” were grouped into one food group “sweets”, because 

the consumption of these food items were rare.  

 

To identify underlying dietary patterns, factor analysis was performed using the PROC 

FACTOR procedure in SAS. The original food items were collapsed into latent factors 

explaining the maximum of the total variance of these 33 food-item variables. Factors 

were derived in decreasing order of importance: The first factor accounts for as much as 

possible variation in the food items. The second factor accounts for as much as possible 

of the remaining variation, and so on. The amount of this variation is reflected by the 

eigenvalue. An orthogonal rotation (Varimax) was applied to ensure that the factors 

remained uncorrelated and to improve interpretability. To detect the optimal number of 

factors to be extracted, the criteria of an eigenvalue ≥ 1, the scree plot and plausibility of 

the factors were used. A scree plot is a graph of the explained variance (eigenvalues) 
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plotted against the number of achieved factors and is useful to determine the optimal 

number of factors to retain. A break between the factors allows separating factors with 

large eigenvalues from those with small eigenvalues. The factors before the break are 

assumed to be meaningful and are retained for analysis. 

The factor score for each pattern was calculated as the sum of the z-standardized intakes 

(mean = 0 and SD = 1) of 33 food items multiplied by an individual weight. Each 

participant received a factor score for each identified dietary pattern. These scores were 

used to rank participants according to the degree to which they conformed to each dietary 

pattern.  

Factors were derived among the total study population. Quintiles of dietary pattern scores 

were constructed based on the distribution among the control group. Baseline 

characteristics and frequencies of food intake were calculated across the quintiles of each 

dietary pattern score among the control group. 

Associations between dietary patterns and type 2 diabetes 

Logistic regression analysis was applied to evaluate the associations between dietary 

patterns and type 2 diabetes. ORs and 95% CI were calculated across the quintiles and 

per 1 SD of the factor score. The significance of a linear trend across the categories was 

tested by assigning each participant the median of a category and by modeling this value 

as a continuous variable. 

When evaluating the associations between dietary patterns and type 2 diabetes, different 

confounders were considered: the basic model was adjusted for age and sex (model 1), 

the second model was further adjusted for family history of diabetes (yes or no), 

unemployment (yes or no), educational attainment (any or none), literacy (able or unable), 

smoking status (current or never/ex-smoker) and daily energy expenditure (kcal/d) (model 

2). An alternative second model was adjusted for age, smoking status (current or 

never/ex-smoker), family history of diabetes (yes/no), SES sum score and daily energy 

expenditure (kcal/d) (model 2a). The final model was adjusted for age, smoking status 

(current or never/ex-smoker), family history of diabetes (yes/no), SES sum score, daily 

energy expenditure (kcal/d), BMI and WHR (model 3). 

Sensitivity analyses 

In sensitivity analyses, different dietary pattern solutions (three to five factors) were 

examined to identify meaningful dietary patterns (appendix: Table S5-7). Furthermore, 

two-factor solutions were examined with single fruit and single vegetable items (appendix: 

Table S8) or with various fruit groups (citrus fruits: orange, classical fruits: banana, 
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avocado, and exotic fruits: mango, papaya, and pineapple) and vegetable groups (leafy 

vegetable: green leafy vegetables and lettuce, and vegetables: garden egg, okra, and 

cucumber) (appendix: Table S9). 

Finally, interactions of the association between the dietary pattern and type 2 diabetes 

with age  (<51 vs. ≥51 years), sex (female vs. male), BMI (<25.0 vs. 25.0-29.9 vs. ≥30 

kg/m²), central obesity (<88/≥88 cm waist circumference in women and <102/≥102 cm 

waist circumference in men) and SES sum score (very low SES vs. low SES vs. moderate 

SES) were tested by performing stratified analyses, evaluating the significance of cross-

product terms. 

 

2.2.5 Reduced rank regression 

Spearman correlations were used to assess the relationship between the diabetes-related 

biomarkers (response variables) among the control group.  

 

The RRR approach was applied to derive a dietary pattern predictive of diabetes risk. 

RRR uses two sets of variables called the predictors (X1,..., Xn) and responses (Y1,..., Ym). 

The aim of the RRR method is to determine a linear combination of predictors (e.g. food 

groups) that explain as much as possible variation in the responses (e.g. biomarkers) [95]. 

The RRR starts from the eigenvalues of the covariance matrix of the responses. Thereby, 

a response score (Y-score) is created with weights from eigenvectors of the covariance 

matrix of responses predicted by ordinary least squares regression. The numbers of Y-

scores is equal to the number of responses included in RRR. For this present thesis 

adiponectin, HDL-cholesterol and triglycerides were chosen as response variables, 

because they are affected by diet and are related to type 2 diabetes [146-156]. Hence 

three response scores were created with the following linear equation: 

 

Response score= α1Y1+α2Y2+α3Y3, 

where  Yi, i=1,2,3 are the standardized concentration of biomarkers with mean=0 and 

standard deviation=1. The parameters αI, i=1,2,3 can be considered as score-specific 

weights of the biomarkers. 

 

In the next step, the Y-scores are projected onto the space of predictors forming a factor 

score that is a linear combination of predictors. For this present thesis 35 food items were 

used as predictors and therefore the factor scores are called dietary pattern scores in this 

work. Three dietary pattern scores were created based on the following linear equation: 
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Dietary pattern score= β1Y1+β2Y2+β3Y3, 

where Yi, i=1,…,35 are the standardized intake of the food items with mean=0 and 

standard deviation=1 and βI,  i=1,…,35 are the score-specific weights of the food items. 

 

The three response scores and three dietary pattern scores form three pairs in which each 

pair reflect the same unobserved or latent variable in different sets of original variables 

(biomarker and food items) [95]. 

Of the 51 original food items of the FFQ, some food items were collapsed or excluded as 

described in Table S1 (appendix). Thus, 35 food items were used as predictor variables 

and serum concentrations of HDL-cholesterol, adiponectin and triglycerides as response 

variables. Adiponectin and triglycerides were log-transformed because they were not 

normally distributed. The RRR approach was applied to the total study population. The 

number of extracted dietary pattern scores was equal to the number of response variables 

(n=3). Only the first factor was considered for subsequent analyses because it explained 

the largest amount of variation among the biomarkers and was biological plausible. Each 

participant received a factor score for the identified dietary pattern. These scores were 

used to rank participants according to the degree to which they conformed to the dietary 

pattern. Based on the distribution among the control group quintiles of the dietary pattern 

score were constructed. Socio-demographic, anthropometric and biomarker 

characteristics as well as frequencies of food intake were calculated across the quintiles 

of the dietary pattern score among the control group. The differences among categorical 

variables (χ²-test) and linear trends among continuous parameters (trend test) were 

assessed.  

Associations between dietary pattern and type 2 diabetes 

Logistic regression analysis was applied to evaluate the associations between the dietary 

pattern and type 2 diabetes. ORs and corresponding 95% CI were calculated across the 

quintiles and per 1 SD of the pattern score. The significance of a linear trend across the 

categories was tested by assigning each participant the median of a category and by 

modeling this value as a continuous variable. 

When evaluating the association between the RRR-derived dietary pattern and type 2 

diabetes, various confounders were considered: the basic model was adjusted for age 

and sex (model 1), the second model was further adjusted for family history of diabetes 

(yes or no), unemployment (yes or no), educational attainment (any or none), literacy 

(able or unable), smoking (current or never/ex-smoker) and daily energy expenditure 
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(kcal/d) (model 2). An alternative second model was adjusted for age, sex, smoking 

(current or never/ex-smoker), family history of diabetes (yes/no), SES sum score and daily 

energy expenditure (kcal/d) (model 2a). The final model was adjusted for age, sex, 

smoking (current or never/ex-smoker), family history of diabetes (yes/no), SES sum score, 

daily energy expenditure (kcal/d), BMI and WHR (model 3). 

Sensitivity analyses 

Several sensitivity analyses were applied. First, interactions of the association between 

the dietary pattern and type 2 diabetes with sex, general obesity (BMI <30/≥30kg/m²) or 

central adiposity (waist circumference <102/≥102cm [men], <88/≥88cm [women]) were 

tested by performing stratified analyses, evaluating the significance of cross-product 

terms. The robustness of the results was examined by excluding participants with lipid-

lowering and anti-inflammatory drug intake. Also, the association between biomarkers of 

glucose metabolism (FPG and HOMA-IR) and the dietary pattern score were examined 

across quintiles among the controls. Finally, the dietary pattern score was simplified. 

Therefore a stepwise linear regression with the first response score as dependent variable 

and all 35 food items as independent variable was applied. Only food items that were 

significantly associated with the response score were considered for the simplified score. 

This score was calculated by summing up the unweighted standardized intake of these 

nine food items, while retaining the direction of the factor loadings. Socio-demographic, 

anthropometric and biomarker characteristics as well as frequencies of food intake were 

calculated across the quintiles of the simplified dietary pattern score among the control 

group. The differences among categorical variables (χ²-test) and linear trends among 

continuous parameters (trend test) were assessed. Logistic regression analysis was 

applied to evaluate the associations between the simplified dietary pattern and type 2 

diabetes. Multivariate-adjusted ORs and corresponding 95% CI were calculated across 

the quintiles and per 1 SD of the simplified pattern score. The significance of a linear trend 

across the categories was tested by assigning each participant the median of a category 

and by modeling this value as a continuous variable. To assess the importance of 

individual food components of the dietary pattern score for type 2 diabetes each 

component were sequentially removed from the simplified dietary pattern score. The 

change in estimate (CIE) was calculated as the difference between the ORs divided by 

the OR from the simplified score multiplied by 100.  
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3 RESULTS 

3.1 Characterization of study population  

The characteristics of 1221 participants of the KDH study stratified by diabetes status are 

presented in Table 7. The study population was mainly female, middle-aged and of low 

SES. Type 2 diabetes cases (n=542) were on average older, less likely to live in the 

metropolitan area of Kumasi and were more frequently unemployed, illiterate and without 

formal education compared to the controls (n=679). In addition, diabetes cases were more 

often in the lowest group of the SES sum score compared to the controls. They had also 

higher anthropometric measures as seen in higher values of waist and hip circumference, 

WHR and WHtR. Furthermore, they had more often diabetes in the family, tended to 

smoke more often, had a higher anti-inflammatory drug intake and higher energy 

expenditure than controls. As expected, diabetes cases had a poor metabolic profile 

compared to controls, as observed by higher concentrations of FPG, HOMA-IR, blood 

lipids, CRP and systolic blood pressure and lower concentrations of adiponectin.  

 

Of the 542 cases, 97% have already been known to the diabetes center or the 

hypertension clinic (mean time since diagnosis, 6.5 ± 5.8 years). The majority was on 

metformin-based medication (80%) and sulfonylureas (60%), in addition to glitazones and 

insulin (both 23%). 
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Table 7: Descriptive characteristics of 1221 urban Ghanaian participants of the KDH study 

Characteristics Controls (n=679) Diabetes cases (n=542) 
 Sex (female) 523 (77.0) 399 (73.6) 
Socio-demographic data 

   Age (years) 46.8 ± 15.8 54.8 ± 13.4 * 
 Residence (Kumasi metropolitan) 517 (76.1) 379 (69.9) * 
 Ethnic group (Akan) 584 (86.0) 474 (87.5) 
 Formal education (none) 113 (16.6) 191 (35.2) * 
 Literacy (unable to read and write) 177 (26.1) 249 (45.9) * 
 Occupation (unemployed) 110 (16.2) 192 (35.4) * 
 SES sum score1   
  Very low SES (0-4 points) 120 (17.7)  202 (37.3) * 
  Low SES (5-8 points) 360 (53.0) 280 (51.7) 
  Moderate SES (9-10 points) 199 (29.3) 60 (11.0) 
Anthropometric data 

   BMI (kg/m²) 25.8 ± 5.4 25.8 ± 5.1 
 WC (cm) 86.5 ± 13.1 90.8 ± 12.0 * 
 HC (cm) 100.2 ±10.8 99.7 ± 10.7 
 WHR 0.86 ± 0.09 0.91 ± 0.07 * 
 WHtR  0.54 ± 0.08 0.56 ± 0.08 * 
History and activity 

   Family history of diabetes 171 (25.2) 317 (58.5) * 
 Smoking (ever) 29 (4.3) 41 (7.6) * 
 Lipid lowering drug intake 13 (1.9) 16 (3.0) 
 Anti-inflammatory drug intake 6 (0.9) 18 (3.3) * 
 Energy expenditure (kcal/d) 1,210 (845-1,628) 1,408 (815-2,000) * 
Clinical data 

   FPG (mmol/L) 4.5 (4.1-4.9) 6.9 (5.3-10.3) * 
 HOMA-IR 1.37 (0.85-2.13) 2.00 (1.17-3.40) * 
 Adiponectin (mg/ml) 8.63 (6.5-11.63) 7.42 (5.36-9.98) * 
 HDL-cholesterol (mmol/L) 1.37 (1.13-1.62) 1.27 (1.04-1.54) * 
 Triglycerides (mmol/L) 1.19 (0.87-1.64) 1.36 (1.02-1.87) * 
 CRP (mg/L) 1.21 (0.12-4.48) 1.57 (0.23-4.62) * 
 Systolic blood pressure (mmHg) 130.9 ± 21.8 137.9 ± 23.2 * 
 Diastolic blood pressure (mmHg) 84.4 ± 12.9 84.6 ± 11.9 
 Prevalent hypertension (≥ 140/90 mmHg) 344 (51.5) 332 (61.7) * 

Values are presented as means ± standard deviation or median (interquartile range) for continuous variables 
and participant number (%) for categorical variables. 1 SES sum score is based on education, occupation and 
income, ranging from 0 to 12 points.  *p-value <0.05 comparing diabetes cases and controls; BMI: body mass 
index; WC: waist circumference (cm); HC: hip circumference (HC); WHR: waist-to-hip ratio; WHtR: waist-to-
height ratio; FPG: fasting plasma glucose; HOMA-IR: homeostatic model assessment for insulin resistance; 
HDL-cholesterol: high-density lipoprotein; CRP: C-reactive protein 

 

 

 



RESULTS                                                                                            39 

 

 
 

3.2 Anthropometry  

3.2.1 Anthropometric characteristics 

Table 8 shows the anthropometric characteristics among women and men of the KDH 

study. The mean BMI among women (26.6 ± 5.4 kg/m²) and men (23.3 ± 3.8 kg/m²) did 

not differ between diabetes cases and controls. WC, WHR and WHtR were all higher in 

women with type 2 diabetes than controls. In contrast, only WHR was higher among men 

with diabetes compared to controls. In general, women showed higher prevalences of 

overweight (34.6%), general obesity (24.6%) and central obesity (56.4%) than men 

(24.8%, 4.7% and 8.0%, respectively). Especially the prevalence of central obesity was 

higher among women with type 2 diabetes compared to controls (65.7 vs. 49.3%). 

Table 8: Anthropometric characteristics among women and men of the KDH study 

  Women (922)   Men (299) 

Anthropometric data 
Controls 

(523) 
Diabetes cases 

(399) 
Controls 

(156) 
Diabetes cases 

(143) 
BMI 26.5 ± 5.6 26.8 ± 5.1 

 
23.5 ± 3.9 23.1 ± 3.7 

Prevalent overweight1 164 (31.4) 155 (38.9) 
 

40 (25.6) 34 (23.8) 
Prevalent obesity2 131 (25.1) 93 (23.3) 

 
7 (4.5) 7 (4.9) 

WC 87.0 ± 13.4 92.3 ± 12.0* 
 

84.6 ± 11.9 86.6 ± 11.0 
Prevalent central obesity3 258 (49.3) 262 (65.7)* 

 
13 (8.3) 11 (7.7) 

HC 101.6 ± 11 101.8 ± 10.7 
 

95.5 ± 8.6 93.9 ± 8.2 
WHR 0.85 ± 0.07 0.91 ± 0.07* 

 
0.88 ± 0.08 0.92 ± 0.07* 

WHtR 0.55 ± 0.08 0.58 ± 0.07*   0.50 ± 0.07 0.51 ± 0.06 
Values are presented as means ± standard deviation for continuous variables and participant number (%) for 
categorical variables. *p-value<0.05 comparing diabetes cases and controls; 1 BMI 25.0-29.9 kg/m²; 2 BMI ≥ 30 
kg/m²; 3 waist circumference  ≥ 102cm for men and ≥ 88cm for women; BMI: body mass index; WC: waist 
circumference (cm); HC: hip circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio  

Sex-specific partial correlation coefficients for different anthropometric measures, 

controlling for age, are given in Table 9. BMI, WC, HC and WHtR were generally strongly 

correlated in both genders (r ≥ 0.72). In contrast, WHR showed a comparatively weaker 

correlation with the other anthropometric measures in both genders.  

 
Table 9: Age-adjusted Spearman correlation coefficients for anthropometric measures 
among women and men 

  BMI WC HC WHR WHtR 
BMI 1.00 0.87 0.88 0.39 0.87 
WC 0.89 1.00 0.81 0.67 0.96 
HC 0.83 0.82 1.00 0.17 0.76 
WHR 0.54 0.75 0.28 1.00 0.67 
WHtR 0.89 0.94 0.72 0.76 1.00 

Correlation coefficients for men are presented in the lower left side of the table (blue), while those for women 
are in the upper right side (red) (all coefficients are significant at p<0.05); BMI: body mass index; WC: waist 
circumference (cm); HC: hip circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio 
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3.2.2 Associations between anthropometric measures and type 2 diabetes 

ORs and corresponding 95% CI for the association between different anthropometric 

measures and type 2 diabetes across quintiles and per 1SD are shown in Table 10 for 

women and in Table 11 for men.  

In women, BMI and HC were not associated with type 2 diabetes. The OR for the highest 

quintile compared to the lowest quintile was 1.06 [95% CI: 0.60-1.86], p for trend = 0.80 

and 1.02 [0.59-1.75], p for trend = 0.86, respectively in the multivariate-adjusted model 

(model 2a). In contrast, WC, WHR and WHtR were all positively associated with type 2 

diabetes. Comparing the highest with the lowest quintile, the multivariate-adjusted ORs for 

type 2 diabetes were 2.42 [1.31-4.47], p for trend <0.001 for WC, 4.58 [2.44-8.60], p for 

trend <0.001 for WHR and 3.14 [1.64-6.00], p for trend = 0.002 for WHtR (model 2a). The 

strength of association generally increased after adjustment for BMI. Similarly to the 

quintile-based analysis, WHR showed the strongest association with type 2 diabetes per 1 

SD difference (1.95 [1.60-2.39] followed by WC (1.43 [1.18-1.73]) and WHtR (1.36 [1.13-

1.63]) (model 2a). Further adjustment for BMI strengthened these associations (model 3). 

In men, BMI and WC were not associated with type 2 diabetes. The multivariate-adjusted 

OR for the highest quintile compared to the lowest quintile was 0.75 [95% CI: 0.32-1.80], p 

for trend=0.69 for BMI and 1.01 [0.40-2.53], p for trend = 0.54 for WC (model 2a). In 

contrast, HC were inversely and WHR positively associated with type 2 diabetes. 

Comparing the highest with the lowest quintile, the multivariate-adjusted ORs for type 2 

diabetes were 0.46 [0.19–1.10], p for trend = 0.02 for HC and 3.50 [1.44-8.49], p for trend 

<0.001 for WHR (model 2a). BMI adjustment strengthened these associations (model 3). 

Similarly to the quintile-based analysis, WHR showed a positive association with type 2 

diabetes per 1 SD difference (1.85 [1.27-2.69]) and HC was inversely related (0.66 [0.44-

0.97] (model 2a). Further BMI adjustment strengthened these associations (model 3). In 

men, WHtR was positively associated with type 2 diabetes in the multivariate-adjusted 

model (model 2a) in quintile 3 and 4. After adjustment for BMI (model 3), the association 

became significant across all quintiles (5th vs. 1st quintile: 6.35 [1.21-33.46]), p for trend = 

0.002) and per 1 SD difference (3.10 [1.34-7.15]). 
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Table 10: Multivariate-adjusted ORs (95% CI) for type 2 diabetes by different anthropometric measures among 922 women 

  Quintile   OR 
  1 2 3 4 5 p for trend1 for 1 SD 
BMI (kg/m²) 

       Median 19.9 23.2 25.7 28.7 33.7 
  No. of cases/controls 65/105 71/104 95/104 94/105 74/105 

  Model 1 1.00 1.07 (0.68-1.68) 1.29 (0.84-2.00) 1.27 (0.82-1.96) 1.02 (0.66-1.60) 0.85 1.01 (0.88-1.15) 
Model 2 1.00 1.14 (0.67-1.93) 1.34 (0.81-2.22) 1.21 (0.73-2.00) 0.80 (0.46-1.38) 0.38 0.92 (0.77-1.09) 
Model 2a 1.00 1.14 (0.67-1.96) 1.57 (0.94-2.63) 1.44 (0.86-2.43) 1.06 (0.60-1.86) 0.80 1.01 (0.84-1.20) 
WC (cm) 

       Median 69.5 79.8 87.6 94.0 104.3 
  No. of cases/controls 32/109 64/102 71/103 122/106 110/103 
  Model 1 1.00 1.68 (0.99-2.83) 1.63 (0.97-2.74) 2.65 (1.61-4.36) 2.41 (1.46-3.98) <0.001 1.35 (1.17-1.57) 

Model 2 1.00 1.69 (0.93-3.05) 1.60 (0.88-2.91) 2.56 (1.44-4.53) 2.18 (1.19-4.00) 0.006 1.33 (1.11-1.60) 
Model 2a 1.00 1.52 (0.84-2.76) 1.58 (0.87-2.88) 2.77 (1.56-4.92) 2.42 (1.31-4.47) <0.001 1.43 (1.18-1.73) 
Model 3 1.00 2.03 (1.09-3.78) 2.81 (1.43-5.54) 6.08 (2.98-12.43) 8.63 (3.45-21.55) <0.001 3.33 (2.30-4.83) 
HC (cm) 

       Median 88.0 96.0 101.0 106.5 115.0 
  No. of cases/controls 72/105 76/105 94/106 71/103 86/104 
  Model 1 1.00 0.87 (0.56-1.36) 1.12 (0.73-1.72) 0.84 (0.54-1.31) 1.02 (0.66-1.57) 0.97 0.98 (0.85-1.12) 

Model 2 1.00 0.79 (0.47-1.32) 1.06 (0.65-1.73) 0.74 (0.44-1.26) 0.79 (0.47-1.34) 0.39 0.88 (0.74-1.04) 
Model 2a 1.00 0.84 (0.49-1.42) 1.21 (0.73-2.00) 0.91 (0.53-1.57) 1.02 (0.59-1.75) 0.86 0.95 (0.80-1.14) 
Model 3 1.00 0.84 (0.49-1.47) 1.23 (0.69-2.20) 0.94 (0.48-1.85) 1.06 (0.46-2.47) 0.84 0.81 (0.57-1.15) 
WHR 

       Median 0.76 0.81 0.86 0.90 0.95 
  No. of cases/controls 23/104 42/106 67/104 87/104 180/105 
  Model 1 1.00 1.40 (0.78-2.54) 2.15 (1.22-3.80) 2.60 (1.48-4.57) 5.01 (2.89-8.70) <0.001 1.95 (1.64-2.31) 

Model 2 1.00 1.33 (0.69-2.56) 2.37 (1.25-4.46) 3.03 (1.59-5.76) 5.06 (2.70-9.46) <0.001 1.98 (1.63-2.42) 
Model 2a 1.00 1.20 (0.62-2.34) 2.15 (1.13-4.06) 2.79 (1.46-5.32) 4.58 (2.44-8.60) <0.001 1.95 (1.60-2.39) 
Model 3 1.00 1.26 (0.65-2.46) 2.34 (1.23-4.47) 3.19 (1.64-6.19)  5.34 (2.78-10.26) <0.001 2.10 (1.69-2.60) 
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Table 10 continued 

  Quintile   OR 
  1 2 3 4 5 p for trend1 for 1 SD 
WHtR 

       Median 0.44 0.50 0.55 0.59 0.65 
  No. of cases/controls 25/104 81/104 72/105 112/105 109/105 
  Model 1 1.00 2.44 (1.41-4.20) 1.88 (1.08-3.27) 2.87 (1.68-4.92) 2.64 (1.54-4.55) 0.002 1.29 (1.12-1.50) 

Model 2 1.00 2.97 (1.61-5.49) 2.16 (1.15-4.07) 3.19 (1.73-5.88) 2.77 (1.46-5.25) 0.015 1.27 (1.06-1.51) 
Model 2a 1.00 2.76 (1.49-5.13) 2.20 (1.16-4.17) 3.46 (1.87-6.43) 3.14 (1.64-6.00) 0.002 1.36 (1.13-1.63) 
Model 3 1.00 3.80 (1.99-7.26) 3.91 (1.90-8.06) 7.74 (3.56-16.78) 10.50 (4.05-27.21) <0.001 2.95 (2.07-4.28) 

Model 1: adjusted for age; Model 2: adjusted for age (years), diabetes family history, educational attainment, smoking status, fiber intake (g/1000kcal), fat intake (g/1000kcal) and 
energy expenditure (kcal/d);  Model 2a: adjusted for age (years), diabetes family history, SES sum score, smoking status, fiber intake (g/1000kcal), fat intake (g/1000kcal) and 
energy expenditure (kcal/d); Model 3: Model 2a + BMI,  1 p-value represents linear trend across quintiles;  CI: confidence interval, OR: odds ratio; SD: standard deviation; BMI: body 
mass index; WC: waist circumference (cm); HC: hip circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio  

Table 11: Multivariate-adjusted ORs (95% CI) for type 2 diabetes by different anthropometric measures among 299 men 

  Quintile OR 
Men (n=299) 1 2 3 4 5 p for trend1  for 1 SD 
BMI (kg/m²) 

       Median 18.9 20.7 23.2 25 28.9 
  No. of cases/controls 61/63 30/30 32/32 20/31 
  Model 1 1.00 0.99 (0.52-1.89) 0.77 (0.41-1.47) 0.51 (0.25-1.01) 0.07 0.74 (0.52-1.04) 

Model 2 1.00 1.23 (0.57-2.66) 0.79 (0.37-1.72) 0.64 (0.28-1.47) 0.37 0.88 (0.58-1.34) 
Model 2a 1.00 1.28 (0.59-2.79) 0.89 (0.40-1.96) 0.75 (0.32-1.80) 0.69 0.97 (0.63-1.50) 
WC (cm) 

       Median 70.9 77.0 82.5 92.3 100.0 
  No. of cases/controls 40/63 36/31 44/31 23/31 
  Model 1 1.00 1.29 (0.66-2.49) 1.25 (0.64-2.45) 0.66 (0.32-1.37) 0.55 0.92 (0.68-1.23) 

Model 2 1.00 1.59 (0.73-3.47) 1.86 (0.82-4.21) 0.85 (0.35-2.09) 0.82 1.02 (0.71-1.47) 
Model 2a 1.00 1.66 (0.75-3.63) 2.07 (0.90-4.76) 1.01 (0.40-2.53) 0.54 1.12 (0.76-1.62) 
Model 3 1.00 1.81 (0.76-4.28) 2.49 (0.81-7.65) 1.37 (0.29-6.38) 0.22 1.76 (0.81-3.85) 
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Table 11 continued 

  Quintile OR 
Men (n=299) 1 2 3 4 5 p for trend1  for 1 SD 
HC (cm) 

       Median 84.2 91.0 95.7 100.0 105.5 
  No. of cases/controls 72/64 30/30 19/33 22/29 
  Model 1 1.00 0.78 (0.41-1.47) 0.44 (0.22-0.88) 0.51 (0.26-1.01) 0.01 0.69 (0.50-0.95) 

Model 2 1.00 0.84 (0.38-1.82) 0.27 (0.12-0.64) 0.41 (0.17-0.98) 0.009 0.65 (0.44-0.97) 
Model 2a 1.00 0.87 (0.40-1.89) 0.29 (0.12-0.69) 0.46 (0.19-1.10) 0.02 0.66 (0.44-0.97) 
Model 3 1.00 0.59 (0.26-1.38) 0.15 (0.05-0.43) 0.14 (0.04-0.53) 0.001 0.35 (0.17-0.70) 
WHR 

       Median 0.79 0.84 0.88 0.92 0.97 
  No. of cases/controls 29/63 23/30 37/31 54/32 
  Model 1 1.00 1.22 (0.59-2.55) 1.75 (0.87-3.53) 2.01 (0.97-4.16) 0.015 1.40 (1.01-1.94) 

Model 2 1.00 1.36 (0.56-3.29) 2.21 (0.96-5.13) 3.12 (1.31-7.38) 0.002 1.71 (1.19-2.46) 
Model 2a 1.00 1.29 (0.53-3.18) 2.24 (0.96-5.20) 3.50 (1.44-8.49) <0.001 1.85 (1.27-2.69) 
Model 3 1.00 1.40 (0.56-3.47) 2.95 (1.21-7.19) 5.72 (2.06-15.94) <0.001 2.21 (1.44-3.40) 
WHtR 

       Median 0.41 0.45 0.49 0.55 0.60 
  No. of cases/controls 33/63 40/31 43/30 27/32 
  Model 1 1.00 1.81 (0.93-3.51) 1.66 (0.84-3.28) 0.87 (0.42-1.81) 0.97 0.92 (0.67-1.25) 

Model 2 1.00 3.20 (1.41-7.26) 3.11 (1.35-7.16) 1.50 (0.61-3.69) 0.20 1.14 (0.78-1.65) 
Model 2a 1.00 3.42 (1.49-7.82) 3.58 (1.52-8.42) 1.83 (0.72-4.64) 0.09 1.25 (0.84-1.84) 
Model 3 1.00 4.85 (1.93-12.16) 7.29 (2.26-23.56) 6.35 (1.21-33.46) 0.002 3.10 (1.34-7.15) 

Model 1: adjusted for age; Model 2: adjusted for age (years), diabetes family history, educational attainment, smoking status, fiber intake (g/1000kcal), fat intake (g/1000kcal) and 
energy expenditure (kcal/d); Model 2a: adjusted for age (years), diabetes family history, SES sum score, smoking status, fiber intake (g/1000kcal), fat intake (g/1000kcal) and 
energy expenditure (kcal/d);  Model 3: Model 2a + BMI,  1 p-value represents linear trend across quintiles; CI: confidence interval, OR: odds ratio; SD: standard deviation; BMI: body 
mass index; WC: waist circumference (cm); HC: hip circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio
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Sensitivity analyses 

Sensitivity analysis was performed by evaluating whether additional adjustment for blood 

pressure and P. falciparum infection confounded the associations between anthropometric 

measures and type 2 diabetes (Table 12). Further adjustment slightly strengthened the 

associations between the anthropometric measures and type 2 diabetes. Nevertheless, 

BMI was not associated with diabetes in both sexes.  

 
Table 12: Multivariate-adjusted1 ORs (95% CI) for type 2 diabetes per 1SD by different 
anthropometric measures among women and men 

  OR (95%CI) for 1 SD 
  Women (n=922) Men (n=299) 
BMI (kg/m²) 1.16 (0.98-1.36) 1.08 (0.73-1.62) 
WC (cm) 1.63 (1.37-1.94) 1.24 (0.87-1.77) 
HC (cm) 0.90 (0.76-1.08) 0.65 (0.44-0.97) 
WHR 2.21 (1.81-2.71) 1.92 (1.33-2.78) 
WHtR 1.54 (1.30-1.83) 1.35 (0.94-1.95) 

1adjusted for model 2a: age (years), diabetes family history, smoking status, SES sum score, fiber intake 
(g/1000kcal), fat intake (g/1000kcal), energy expenditure (kcal/d), systolic and diastolic blood pressure and P. 
falciparum; CI: confidence interval, OR: odds ratio; SD: standard deviation; BMI: body mass index; WC: waist 
circumference (cm); HC: hip circumference; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio 

 

As BMI was not associated with type 2 diabetes, a hypothesis was that diabetic atrophy in 

cases with a poor glycaemic control (medication + FPG ≥ 7 mmol/L) may be responsible. 

The prevalence of a poor glycaemic control in diabetes cases was 44% among women 

and 50% among men. Among women, mean BMI (± SD) was significantly lower in 

diabetes cases with a poor glycaemic control (26.1 ± 5.4 kg/m2) as compared to diabetes 

cases with a good glycaemic control (27.3 ± 4.8 kg/m2; p = 0.01). In men, these figures 

were 22.5 ± 3.9 kg/m2 and 23.7 ± 3.4 kg/m2, respectively (p = 0.04). The same pattern 

was observed for mean body cell mass, assessed by BIA, in women (20.1 ± 3.3 vs. 21.0 ± 

3.4 kg; p = 0.02) and in men (25.0 ± 5.4 vs. 27.5 ± 5.2 kg; p = 0.005). After exclusion of 

diabetes cases with a poor glycaemic control, the association between BMI and type 2 

diabetes strengthened among women and men. The OR per 1SD in the multivariate-

adjusted model (model 2a) was 1.10 [0.89-1.36] among women and 1.05 [0.61-1.79] 

among men. However, the lack of association between BMI and type 2 diabetes persisted. 

This was similar when using FPG ≥ 7.8 mmol/l as the cut-off value (women: 1.12 [0.91-

1.37], men: 1.13 [0.67-1.90]). 

 

To test whether the association between BMI and type 2 diabetes was modified by SES, 

interaction analyses were performed. The mean BMI increased with the SES sum score 

among women (very low SES: 25.1 ± 4.5 kg/m², low SES: 27.3 ± 5.5 kg/m² and moderate 
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SES: 27.2 ± 5.7 kg/m²) and men (very low SES: 21.4 ± 3.4 kg/m², low SES: 23.4 ± 3.7 

kg/m² and moderate SES: 24.7 ± 3.7 kg/m²). Nevertheless, the association between BMI 

and type 2 diabetes was not modified by SES in both sexes (Table 13). 

 
Table 13: Effect modification of the association between BMI and type 2 diabetes by 
socioeconomic status 

 
OR (95% CI) for 1 SD 

 
N Women 

p for 
interaction N Men 

p for 
interaction 

SES sum score
1
 

  
    

Very low SES  269 0.95 [0.66-1.36] 0.74 53 2.78 [0.65-11.94] 0.62 
Low SES  453 1.01 [0.81-1.27]  187 0.71 [0.41-1.25]  
Moderate SES 200 0.70 [0.41-1.21]  59 1.11 [0.39-3.13]  
1 adjusted for age (years), diabetes family history, smoking status, fiber intake (g/1000kcal), fat intake 
(g/1000kcal) and energy expenditure (kcal/d); CI: confidence interval, OR: odds ratio; SD: standard deviation; 
SES: socioeconomic status 
 

 

3.2.3 Discrimination of type 2 diabetes cases and controls 

In a next step the discriminative power of selected anthropometric measures for 

identifying type 2 diabetes by ROC-AUC comparisons was assessed among women and 

men (Figure 4). For this analysis, only the anthropometric measures were used that were 

associated with type 2 diabetes in logistic regression (model 2a). Thus, WC, WHR and 

WHtR were used among women and HC and WHR among men.  

 

For the ROC-AUC analysis the multivariate-adjusted model (model 2a) was applied, 

including age, diabetes family history, SES sum score, smoking status, fiber intake, fat 

intake and energy expenditure. In women, WHR (ROC-AUC: 0.811 [95% CI: 0.783-

0.840]) was the best obesity measure for discriminating type 2 diabetes, followed by WC 

(0.794 [0.764-0.824], p = 0.004) and WHtR (0.792 [0.762-0.822], p = 0.002). In men, HC 

and WHR had similar discriminative power: HC (0.806 [0.755-0.857]) and WHR (0.818 

[0.769-0.868]) p = 0.29). 
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Figure 4: Receiver operating characteristic (ROC) curves of various anthropometric 
measures for discriminating type 2 diabetes cases and controls among women and men 

For the ROC-AUC analysis the multivariate-adjusted model (model 2a) was applied, including age, 
diabetes family history, SES sum score, smoking status, fiber intake, fat intake and energy 
expenditure. Among women, WHR showed the highest areas under the ROC curve (ROC-AUC)= 
0.811 [95% CI: 0.783-0.840], followed by WC=0.794 [0.764-0.824] and WHtR 0.792 [0.762-0.822] 
to predict the risk of type 2 diabetes. Among men, the ROC-AUCs for identifying diabetes cases 
were 0.806 [0.755-0.857] for HC and 0.818 [0.769-0.868] for WHR.  
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3.2.4 Examination of cut-offs for obesity measures 

Finally, the sensitivity and specificity of recommended cut-off points for the identification of 

type 2 diabetes were calculated and the optimal cut-offs for BMI, WC and WHR with the 

Youden Index assessed (Table 14). Using BMI ≥ 25 kg/m2, 62% of the cases and 44% of 

the controls were correctly classified in women. Sensitivity was considerably lower among 

men (29%), at higher specificity (70%). For BMI ≥ 30 kg/m2, only 23% of the cases, but 

75.0% of the controls were correctly classified in women. In men, this cut-off showed a 

low sensitivity (5%), at high specificity (96%). Recommended WC cut-off points identified 

type 2 diabetes well in women (high sensitivity), but not in men. The sensitivity and 

specificity for WHR were > 60% and identified diabetes cases and controls well in both 

sexes.  

Compared to the recommended cut-off points, the optimal BMI cut-offs were slightly 

higher in both women (26.2 vs. 25.0/30.0) and men (26.7 vs. 25.0/30.0). The optimal cut-

off point for WC was higher than the recommended cut-offs for both, overweight and 

obesity, in women (91.7 vs. 80.0/88.0 cm) and lower in men (83.4 vs. 94.0/102.0 cm). For 

WHR, the population-specific cut-off point in women (0.88) exceeded the reference value 

(0.85). These values were identical for men (0.90).  

 
Table 14: Sensitivity and specificity of diabetes cases identified using sex-specific cut-off-
points and Youden index for BMI, WC and WHR 

  Women (n=922)   Men (n=299) 
Variable   Sensitivity Specificity     Sensitivity Specificity 
BMI (kg/m²) 

       ≥ 25.0 
 

62.2 43.6 
  

28.7 69.9 
≥ 30.0 

 
23.3 75.0 

  
4.9 95.5 

optimal cut-off: 1 26.2 54.6 53.9 
 

1 26.7 86.0 21.8 
WC (cm) 

       ≥ 80.0 
 

86.0 30.6 
    ≥ 88.0 

 
65.7 50.7 

    optimal cut-off: 1 91.7 54.1 64.4 
 

1 83.4 60.8 54.5 
≥ 94.0 

     
25.9 73.1 

≥ 102.0 
     

7.7 91.7 
WHR 

       ≥ 0.85 
 

78.7 46.7 
    ≥ 0.90 

     
65.0 59.6 

optimal cut-off: 1 0.88 65.7 62.0   1 0.90 63.6 61.5 
BMI: body mass Index; WC: waist circumference (cm); WHR: waist-to-hip ratio; 1 optimal cut-offs were 
identified by using the Youden index, which is derived from maximum (sensitivity + specificity – 1) 
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Sensitivity analyses 

To investigate whether diabetes cases with a poor glycaemic control (medication + FPG ≥ 

7 mmol/L) have influenced these results, those cases were excluded in a sensitivity 

analysis (Table 15). The results were comparable; however, the optimal cut-off point for 

BMI changed markedly, decreasing from 26.2 to 25.6 kg/m2 among women and from 26.7 

to 20.7 kg/m2 among men. In addition, the optimal cut-off point for WHR decreased from 

0.90 to 0.88 among men. 
 

Table 15: Calculation of sensitivity and specificity of diabetes cases identified using sex-
specific cut-off-points and Youden index for BMI, WC and WHR in participants with a good 
glycaemic control (FPG < 7mmol/L) 

  Women (n=732)   Men (n=225) 
Variable   Sensitivity Specificity     Sensitivity Specificity 
BMI (kg/m²) 

      ≥ 25.0 
 

66.5 43.6 
  

31.9 69.9 
≥ 30.0 

 
24.4 75.0 

  
5.8 95.5 

optimal cut-off: 1 25.6 65.1 48.8 
 

1 20.7 85.5 30.8 
WC (cm) 

       ≥ 80.0 
 

90.4 30.6 
    ≥ 88.0 

 
71.3 50.7 

    optimal cut-off: 1 91.7 59.3 64.4 
 

1 83.6 71.0 55.1 
≥ 94.0 

     
26.1 73.1 

≥ 102.0 
     

8.7 91.7 
WHR 

       ≥ 0.85 
 

81.8 46.7 
    ≥ 0.90 

     
69.6 59.6 

optimal cut-off: 1 0.88 71.3 60.8   1 0.88 81.2 50.0 
BMI: body mass index; WC: waist circumference (cm); WHR: waist-to-hip ratio; 1 optimal cut-offs were 
identified by using the Youden index, which is derived from maximum (sensitivity + specificity – 1) 
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3.3 Nutrition  

3.3.1 Intake of energy, macronutrients and food groups 

The median daily energy intake of the study population was 1,966 kcal/d (interquartile 

range: 1,531-2,515 kcal/d). The dietary energy supply by macronutrients is shown in 

Figure 5. Carbohydrates provided the highest contribution to the total energy intake      

(53 ± 13%), followed by fat (28 ± 11%) and protein (19 ± 8%).  

 

Figure 5: Dietary energy supply by macronutrients of the total study population 

The median energy and macronutrient intakes of controls and diabetes cases are 

presented in Table 16. The median energy intake was slightly higher in the controls 

compared to the cases. As for the macronutrients, the intake in the control group was 

higher for carbohydrates and lower for total fat and protein compared with the diabetes 

group. Dietary fiber intake was similar between the groups. Almost one-quarter of the 

study population consumed two meals per day and 76% took three daily meals. 
 

Table 16: Median energy and macronutrient intake and number of meals per day in the study 
population 

  Controls (n=679) Diabetes cases (n=542) 
Energy intake (kcal) 2,014 (1,576-2,673) 1,893 (1,488-2,380) * 
Protein (g/1000kcal) 38 (32-48) 43 (35-55) * 
Fat (g/1000kcal) 27 (20-36) 29 (20-39) * 
Carbohydrate (g/1000kcal) 130 (109-150) 117 (95-141) * 
Fibre (g/d) 15 (11-19) 16 (12-20) 
Count of meals   
  1 5 (0.7) 1 (0.2) * 
  2 170 (25.0) 75 (13.9) 
  3 494 (72.8) 451 (83.5) 
  4 10 (1.5) 12 (2.2) 
  5 0 1 (0.2) 

Values are presented as median (interquartile range) for continuous variables and participant number (%) for 
categorical variables. Differences between diabetes cases and controls were compared by Mann-Whitney-U-
test for continuous variables and by χ²-test for categorical variables (*p-value <0.05) 

53% 
28%  

19% 

Carbohydrates Fat Protein
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With respect to the liquids of the FFQ all participants consumed water on a daily basis, but 

the majority of the participants never consumed alcoholic beverages (92%) or coffee 

(85%). In general, the intake of juice, chocolate drink (milo) and soft drinks was not 

pronounced among the diabetes cases and the intake of those food items were low 

(median intake: 0.5-1.5 servings/week) among the controls. The milk intake was slightly 

higher among controls compared to diabetes cases (median intake: 1.5 vs 0.5 

servings/week). In contrast, all participants consumed salt on a daily basis. Fish was 

consumed on a daily basis among both groups. Banku, rice and palm oil (3.5 

servings/week) and cassava, yam, millet, and legumes, nuts and oilseeds (1,5 

servings/week) were also equally consumed (Figure 6). The consumption of vegetable oil, 

fruits, red meat and sweets was higher among the controls compared to the diabetes 

cases; however the intake of those food items was low (median intake: 0.5-3.5 

servings/week). In contrast, the consumption of plantain, bread, and vegetables was 

higher among the type 2 diabetes cases.  

 

 

Figure 6: Food intake (servings/week) among controls and type 2 diabetes cases (FFQ) 
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3.3.2 Dietary patterns derived by factor analysis 

Initially factor analysis of the 33 food items was applied in sex-stratified analysis. The 

scree plots of all factors with eigenvalues ≥ 1.0 (ten factors) were nearly identical between 

women and men (Figure S3, appendix). In a two-factor solution, the resulting rotated 

factor loadings of highly loading food items (rotated factor loadings ≥ 0.35) were similar 

between men and women (Table S2, appendix). The first factor was characterized by high 

intakes of sweets and sweet drinks, rice, red meat, poultry, eggs, milk, vegetable oil, 

margarine, fruits and vegetables, and low intake of plantain in both sexes. The second 

factor was characterized by high intakes of plantain, green leafy vegetables, beans, 

garden egg, fish, fermented maize products (banku), palm oil, okra and fruits (Table S2). 

Also, dietary patterns were calculated separately in the control group and in the total study 

population and these results were nearly identical (Figure S4 and Table S3, appendix). 

Hence, dietary patterns were derived among the total study population. 

 

The scree plot of all factors with eigenvalues ≥ 1.0 among the total study population is 

shown in Figure 7. Ten factors exhibited an eigenvalue ≥ 1.0. However, the scree plot 

showed no clear differences between the fourth to the tenth factor. 
 

 
Figure 7: Scree plot of eigenvalues ≥ 1.0 among the total study population 
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Based on the criteria to detect the optimal number of factors two dietary patterns were 

identified that explained 22.2% of the variation in the food items. The first dietary pattern 

explained 13.7% of the variance among food items and the second 8.5%. The rotated 

factor loadings of the two identified dietary pattern with the 33 food items are presented in 

Table S4 (appendix). The two dietary patterns with factor loadings ≥ 0.35 are illustrated in 

Figure 8. The first dietary pattern was labeled “purchase” dietary pattern and was 

characterized by high intakes of sweets and sweet drinks, rice, foods rich in protein (red 

meat, poultry, eggs and milk), plant oils (vegetable oil and margarine), fruits and 

vegetables (carrot, lettuce and cucumber), and low intake of plantain. The second dietary 

pattern was labeled “traditional” dietary pattern and was positively correlated with the 

intake of traditional food items as plantain, green leafy vegetables, beans, garden egg, 

fish, maize (banku), palm oil, okra and fruits. 

 

 

 
Figure 8: Spider graph of the two dietary patterns identified by factor analysis among the 
total study population 
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The characteristics across quintiles of the “purchase” dietary pattern among the 679 

controls are shown in Table 17, and those of the “traditional” dietary pattern in Table 18. 

Participants in the highest quintile of the “purchase” dietary pattern were on average 

younger, leaner and exhibited lower energy expenditure than those in the lower quintiles. 

The frequency of participants with a very low SES sum score decreased across the 

quintiles of the pattern score.  In addition, the mean intakes in the highest quintile of the 

“purchase” dietary pattern score were low for sweets, eggs, margarine, vegetables, 

poultry and plantain (1.5 servings/week), moderate for sweet drinks, red meat, fruits and 

milk (3.5 servings/week) and high for rice (7.0 servings/week) compared to those in the 

lower quintiles (Table 17).  

 

As for the “traditional” dietary pattern, participants in the highest quintile were 

characterized by higher age, increased measures of obesity and higher energy 

expenditure when compared with those in the lower quintiles (Table 18). The frequency of 

participants with a very low SES sum score increased across the quintiles of the pattern 

score. In addition, the mean intakes in the highest quintile of the “traditional” dietary 

pattern score were low for juice, soft drinks, sweets, red meat, poultry, margarine, and 

milk (0.5-1.5 servings/week), moderate for fruits, beans and okra (3.5 servings/week), and 

high for plantain, green leafy vegetables, garden egg, fish, banku, and palm oil (5.5-7.0 

servings/week).  
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Table 17: Characteristics by quintiles of the “purchase” dietary pattern among 679 controls of the KDH study 

  Quintile of the "purchase" dietary pattern 
Characteristics 1 2 3 4 5 
n 135 136 136 136 136 
Sex (female) 106 (79.0) 107 (79.0) 103 (76.0) 118 (87.0) 89 (65.0) 
Age (years) 57.9 ± 12.5 52.6 ± 13.8 47.5 ± 13.3 43.3 ± 13.8 32.9 ± 12.9 
BMI (kg/m²) 25.7 ± 5.7 25.8 ± 4.7 27.0 ± 6.1 26.4 ± 5.0 24.1 ± 4.9 
WHR 0.88 ± 0.08 0.88 ± 0.06 0.87 ± 0.07 0.86 ± 0.07 0.82 ± 0.07 
Family history of diabetes 38 (28.1) 29 (21.3) 33 (24.3) 32 (23.5) 39 (28.7) 
Smoking (ever) 8 (5.9) 6 (4.4) 5 (3.7) 3 (2.2) 7 (5.1) 
SES sum score (very low SES) 52 (38.5) 32 (23.5) 19 (14.0) 11 (8.1) 6 (4.4) 
Energy expenditure (kcal/d) 1,447 (965-2,027) 1,384 (962-1,856) 1,423 (968-1,931) 1,226 (981-1,618) 1,211 (961-1,645) 
Food intake (servings/week) 

    Juice 0 (0-0) 0 (0-0.5) 0.5 (0-1.5) 1.0 (0-1.5) 3.5 (1.0-3.5) 
 Sweets 0 (0- 0.5) 0 (0-0.5) 0.5 (0-0.5) 0.5 (0.3-0.5) 1.5 (0.5-1.5) 
 Rice 1.5 (0.5-3.5) 3.5 (1.5-3.5) 4.5 (3.5-7.0) 5.5 (3.5-7.0) 7.0 (5.5-7.0) 
 Soft drinks 0.5 (0-0.5) 0.5 (0.5-1.5) 1.5 (0.5-1.5) 1.5 (0.5-3.5) 3.5 (1.5-3.5) 
 Vegetable oil 0.5 (0.5-1.5) 1.5 (1.5-3.5) 3.5 (1.5-3.5) 3.5 (1.5-5.5) 5.5 (3.5-7.0) 
 Milo 0.5 (0-1.5) 1.5 (0-1.5) 1.5 (0.5-2.5) 1.5 (0.5-3.5) 3.5 (1.5-5.5) 
 Red meat 0.5 (0-1.5) 0.5 (0.5-1.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 3.5 (1.5-7.0) 
 Eggs 0.5 (0-0.5) 0.5 (0-0.5) 0.5 (0.5-1.5) 1.5 (0.5-1.5) 1.5 (0.5-3.5) 
 Margarine 0 (0-0) 0 (0-0.5) 0 (0-0.5) 0.5 (0-0.5) 1.5 (0-3.5) 
 Fruits 1.5 (0.5-3.5) 1.5 (1.5-3.5) 3.5 (1.5-3.5) 3.5 (1.5-3.5) 3.5 (3.5-3.5) 
 Carrot 0.5 (0-0.5) 0.5 (0-1.5) 0.5 (0.5-1.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 
 Lettuce 0 (0-0.5) 0.5 (0-1.5) 0.5 (0-1.5) 0.5 (0.5-1.5) 1.5 (0.5-3.5) 
 Milk 0.5 (0-0.5) 0.5 (0-1.5) 0.5 (0.5-3.5) 3.5 (0.5-7.0) 3.5 (1.5-7.0) 
 Poultry 0.5 (0.5-0.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 1.5 (0.5-3.5) 
 Cucumber 0 (0-0) 0 (0-0.5) 0.5 (0-0.5) 0.5 (0-1.5) 0.5 (0-1.5) 

Values are expressed as mean ± standard deviation, participant number (%) or median (interquartile range) 
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Table 17 continued 
  Quintile of the "purchase" dietary pattern 
Food intake (servings/week) 1 2 3 4 5 
 Plantain 7.0 (3.5-7.0) 3.5 (1.5-7.0) 3.5 (1.5-7.0) 3.5 (1.5-5.5) 1.5 (0.5-3.5) 
 Green leaves 1.5 (0.5-3.5) 3.5 (1.5-4.5) 1.5 (1.5-3.5) 3.5 (1.5-5.5) 3.5 (1.5-7.0) 
 Beans 0.5 (0.5-1.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (1.5-3.5) 
 Garden egg 7.0 (5.5-7.0) 7.0 (3.5-7.0) 7.0 (1.5-7.0) 7.0 (1.5-7.0) 7.0 (3.5-7.0) 
 Fish 7.0 (7.0-7.0) 7.0 (7.0-7.0) 7.0 (7.0-7.0) 7.0 (7.0-7.0) 7.0 (3.5-7.0) 
 Banku 3.5 (1.5-7.0) 3.5 (1.5-7.0) 3.5 (1.5-7.0) 3.5 (1.5-7.0) 3.5 (1.5-7.0) 
 Palm oil 3.5 (1.5-5.5) 3.5 (1.5-3.5) 3.5 (1.5-3.5) 3.5 (1.5-5.5) 3.5 (1.5-7.0) 
 Okro 0.5 (0-1.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-7.0) 

Values are expressed as median (interquartile range) 

 
 
 
 
Table 18: Characteristics by quintiles of the “traditional” dietary pattern among 679 controls of the KDH study 

  Quintile of the "traditional" dietary pattern 
Characteristics 1 2 3 4 5 
n 135 136 136 136 136 
Sex (female) 113 (83.7) 100 (73.5) 109 (80.1) 104 (76.5) 97 (71.9) 
Age (years) 42.0 ± 16.5 46.0 ± 15.8 45.3 ± 15.0 49.1 ± 15.6 51.9 ± 14.3 
BMI (kg/m²) 25.5 ± 5.5 25.2 ± 5.2 26.1 ± 5.3 26.3 ± 5.4 26.1 ± 5.4 
WHR 0.84 ± 0.08 0.86 ± 0.09 0.86 ± 0.07 0.86 ± 0.07 0.88 ± 0.06 
Family history of diabetes 40 (29.6) 31 (22.8) 34 (25.0) 36 (26.5) 30 (22.2) 
Smoking (ever) 2 (1.5) 6 (4.4) 8 (5.9) 5 (3.7) 8 (5.9) 
SES sum score (very low SES) 15 (11.1) 24 (17.7) 19 (14.0) 32 (23.5) 30 (22.2) 
Energy expenditure (kcal/d) 1,231 (861-1,720) 1,448 (1,067-1,883) 1,348 (1,005-1,800) 1,339 (966-1,846) 1,408 (962-2,009) 

Values are expressed as mean ± standard deviation, participant number (%) or median (interquartile range) 
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Table 18 continued 
 
  Quintile of the "traditional" dietary pattern 
Food intake (servings/week) 1 2 3 4 5 
 Juice 0.5 (0-1.5) 0 (0-1.5) 0.5 (0-1.5) 0.5 (0-1.5) 0.5 (0-1.5) 
 Sweets 0.5 (0-0.5) 0.5 (0-0.5) 0.5 (0-0.5) 0.5 (0-0.5) 0.5 (0-0.5) 
 Rice 3.5 (1.5-7.0) 3.5 (1.5-7.0) 3.5 (1.5-7.0) 3.5 (1.5-7.0) 5.5 (3.5-7) 
 Soft drinks 1.5 (0.5-1.5) 0.5 (0.5-1.5) 1.5 (0.5-3.5) 0.5 (0.5-1.5) 1.5 (0.5-3.5) 
 Vegetable oil 3.5 (1.5-5.5) 3.5 (1.5-3.5) 3.5 (1.5-3.5) 1.5 (0.5-3.5) 3.5 (1.5-3.5) 
 Milo 1.5 (0.5-3.5) 1.5 (0-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 
 Red meat 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 
 Eggs 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 
 Margarine 0 (0-0.5) 0 (0-0.5) 0 (0-0.5) 0 (0-0.5) 0.5 (0-1.5) 
 Fruits 1.5 (1.5-3.5) 1.5 (1.5-3.5) 3.5 (1.5-3.5) 3.5 (1.5-3.5) 3.5 (3.5-3.5) 
 Carrot 0.5 (0-1.5) 0.5 (0-1.5) 1.5 (0.5-1.5) 0.5 (0.5-1.5) 1.5 (0.5-3.5) 
 Lettuce 0.5 (0-0.5) 0.5 (0-1.5) 0.5 (0-1.5) 0.5 (0-1.5) 1.5 (0.5-1.5) 
 Milk 1.5 (0.5-3.5) 1 (0.5-3.5) 1.5 (0.5-3.5) 0.5 (0.5-3.5) 1.5 (0.5-5.5) 
 Poultry 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 
 Cucumber 0.5 (0-0.5) 0 (0-0.5) 0 (0-0.5) 0 (0-0.5) 0.5 (0-1.5) 
 Plantain 1.5 (0.5-3.5) 3.5 (1.5-5.5) 3.5 (1.5-7.0) 3.5 (3.5-7) 7.0 (3.5-7.0) 
 Green leaves 1.5 (0.5-1.5) 1.5 (1.5-3.5) 1.5 (0.5-3.5) 3.5 (1.5-5.5) 7.0 (3.5-7.0) 
 Beans 1.5 (0.5-1.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 3.5 (1.5-7.0) 
 Gardenegg 1.5 (1.5-3.5) 3.5 (3.5-7.0) 7.0 (3.5-7.0) 7.0 (7.0-7.0 ) 7.0 (7.0-7.0) 
 Fish 3.5 (3.5-7.0) 7.0 (4.5-7.0) 7.0 (7.0-7.0) 7.0 (7.0-7.0 ) 7.0 (7.0-7.0) 
 Banku 1.5 (1.5-3.5) 1.5 (1.5-3.5) 3.5 (1.5-7.0) 3.5 (1.5-7.0) 7.0 (3.5-7.0) 
 Palm oil 1.5 (1.5-3.5) 3.5 (1.5-3.5) 3.5 (1.5-3.5) 3.5 (3.5-7.0) 5.5 (3.5-7.0) 
 Okro 0.5 (0.5-1.5) 0.5 (0.5-1.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 3.5 (1.5-7.0) 

Values are expressed as median (interquartile range)
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3.3.3 Associations between dietary patterns and type 2 diabetes 

ORs and corresponding 95% CI for the associations between the two identified dietary 

patterns and type 2 diabetes across quintiles and per 1SD are shown in Table 19. The 

“purchase” dietary pattern was inversely associated with type 2 diabetes (highest quintile 

compared to the lowest quintile: 0.10 [95% CI 0.06-0.17], p for trend <0.001) in the age- 

and sex-adjusted model. This association was similar after further adjustment for family 

history of diabetes, SES sum score, smoking, daily energy expenditure, BMI and WHR in 

the fully adjusted model (model 3). In contrast, the “traditional” dietary pattern was 

positively associated with type 2 diabetes (highest quintile compared to the lowest quintile: 

3.14 [95% CI 2.09-4.73], p for trend <0.001) in the age- and sex-adjusted models. This 

positive association was slightly attenuated after further adjustments (highest quintile 

compared to the lowest quintile: 2.98 [95% CI 1.83-4.85], p for trend <0.001, model 3). 

Similarly to the quintile-based analysis, the “purchase” dietary pattern decreased the odds 

of type 2 diabetes per 1 SD difference of the pattern score by 57% (47-65%), whereas the 

“traditional” dietary pattern increased the odds of type 2 diabetes by 53% (32-78%) in the 

fully adjusted model (model 3). 
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Table 19: Multivariate-adjusted ORs (95% CI) for type 2 diabetes per quintiles and per 1 SD of dietary pattern scores 

  Quintile p for trend1 OR per 1 SD 
  1 2 3 4 5     
"Purchase" dietary pattern 

      Median -0.91 -0.29 0.21 0.71 1.61 
  No. of cases/controls 272/135 140/136 69/136 40/136 21/136 
  Model 1 1.00  0.56 (0.40-0.76) 0.29 (0.20-0.41) 0.18 (0.12-0.27) 0.10 (0.06-0.17) <0.001 0.37 (0.31-0.44) 

Model 2 1.00  0.70 (0.49-1.01) 0.31 (0.20-0.47) 0.22 (0.13-0.35) 0.10 (0.06-0.19) <0.001 0.39 (0.32-0.48) 
Model 2a 1.00  0.73 (0.50-1.05) 0.34 (0.22-0.51) 0.24 (0.15-0.49) 0.12 (0.06-0.21) <0.001 0.42 (0.34-0.51) 
Model 3 1.00  0.69 (0.48-1.01) 0.36 (0.23-0.55) 0.24 (0.15-0.41) 0.13 (0.07-0.23) <0.001 0.43 (0.35-0.53) 
"Traditional" dietary pattern 

     Median -1.41 -0.77 -0.26 0.31 1.12 
  No. of cases/controls 48/135 64/136 118/136 127/136 185/136 
  Model 1 1.00  1.19 (0.75-1.88) 2.17 (1.42-3.31) 2.21 (1.45-3.37) 3.14 (2.09-4.73) <0.001 1.52 (1.34-1.72) 

Model 2 1.00  1.21 (0.71-2.06) 2.52 (1.53-4.14) 2.79 (1.70-4.56) 3.63 (2.25-5.85) <0.001 1.60 (1.38-1.84) 
Model 2a 1.00  1.13 (0.66-1.91) 2.36 (1.44-3.87) 2.58 (1.58-4.22) 3.36 (2.09-5.42) <0.001 1.57 (1.36-1.81) 
Model 3 1.00  1.07 (0.62-1.85) 2.06 (1.23-3.44) 2.40 (1.45-3.98) 2.98 (1.83-4.85) <0.001 1.53 (1.32-1.78) 

Model 1: adjusted for age and sex; Model 2: adjusted for age (years), sex, diabetes family history, educational attainment, literacy, unemployment, smoking status and energy 
expenditure (kcal/d); Model 2a: adjusted for age (years), sex, diabetes family history, SES sum score, smoking status and energy expenditure (kcal/d); Model 3: Model 2a + BMI 
and WHR; 1 p-value represents linear trend across quintiles; CI: confidence interval, SD: standard deviation, OR: odds ratio 
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Sensitivity analyses 

With respect to the nutrition transition in SSA, this study found unexpected associations of 

the “purchase” and the “traditional” dietary pattern with type 2 diabetes. Hence, sensitivity 

analyses were performed to test whether the associations between the dietary patterns 

and type 2 diabetes were modified by age, sex, BMI, central obesity and SES (Table 20). 

Only age and the SES sum score showed a significant interaction with the “purchase” 

dietary pattern: The inverse association was stronger in participants who were younger 

(age < 51 years) compared to their older counterparts (age ≥ 51 years). This was also 

observed in participants with moderate SES compared to participants with very low and 

low SES. With respect to the association between the traditional dietary pattern and type 2 

diabetes, no significant effect modification by age, sex, BMI and central obesity and SES 

were found.  

Table 20: Effect modification of the associations between dietary patterns and type 2 
diabetes by age, sex, BMI, central obesity and SES sum score 

  ORs (95% CI) for 1 SD  
 N „purchase“ dietary 

pattern  
p for 

interaction 
„traditional“ 

dietary pattern  
p for 

interaction 
Age

1
      

< 51 years 585 0.35 (0.26-0.48)  0.001 1.59 (1.28-1.97) 0.37 
≥ 51 years 636 0.55 (0.41-0.73)   1.51 (1.23-1.87)  

Sex
2 
      

Men 299 0.44 (0.30-0.64) 0.77 1.44 (1.09-1.91) 0.60 
Women 922 0.41 (0.32-0.53)  1.59 (1.33-1.89)  

BMI
3 
      

< 25 kg/m² 590 0.33 (0.23-0.46) 0.75 1.66 (1.32-2.10) 0.21 
25.0-29.9  kg/m² 393 0.58 (0.42-0.80)  1.43 (1.19-1.82)  
≥ 30 kg/m² 238 0.40 (0.24-0.65)  1.47 (1.04-2.07)  
Central obesity4      
<88/<102 cm5 677 0.41 (0.31-0.54) 0.28 1.58 (1.29-1.93) 0.20 
≥88/≥102 cm 544 0.43 (0.31-0.60)  1.49 (1.19-1.87)  
SES sum score6      
Very low SES 322 0.49 (0.31-0.77) 0.005 1.19 (0.87-1.63) 0.14 
Low SES 640 0.44 (0.33-0.58)  1.64 (1.34-2.00)  
Moderate SES 259 0.29 (0.17-0.50)  1.63 (1.12-2.38)  
1 subgroups were created by taking the median of age; adjusted for sex, diabetes family history, SES sum 
score smoking status, energy expenditure (kcal/d), BMI and WHR  
2 adjusted for age (years), diabetes family history, SES sum score, smoking status, energy expenditure 
(kcal/d), BMI and WHR  
3 adjusted for age (years), sex, diabetes family history, SES sum score, smoking status, energy expenditure 
(kcal/d), BMI and WHR 
4 adjusted for age (years), sex, diabetes family history, SES sum score, smoking status, energy expenditure 
(kcal/d), BMI and WHR; 5 <88/≥88cm waist circumference for women and <102/≥102 cm waist circumference 
for men 
6 adjusted for age (years), sex, diabetes family history, smoking status, energy expenditure (kcal/d), BMI and 
WHR; CI: confidence interval, SD: standard deviation, OR: odds ratio 
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Also, further dietary pattern solutions (3–5 factors) were examined (Table S5-7, 

appendix), but did not reveal meaningful dietary patterns. The results of these analyses 

highlight that the first pattern (“purchase” pattern) remained (characterized by high intake 

of soft drinks, juice, sweets, chocolate drink, red meat, vegetable oil, margarine, rice, 

eggs) in all other factor solutions. Also, in all other solutions, a potential second pattern 

consisted of three food items (carrot, cucumber, lettuce) only, which was highly unlikely to 

reflect a true dietary pattern. Similarly, in a three-factor solution, the “traditional” pattern 

remained as a third pattern (Table S5), whereby it separated into a “starchy food” pattern 

(characterized by high intake of plantain, cassava, garden egg, fish, green leafy 

vegetables) and a “groundnut and beans” pattern (characterized by a high intake of 

beans, groundnut, maize (banku), millet) in a four-factor solution (Table S6). Lastly, a five-

factor solution, revealed a fifth pattern characterized by a high intake of bread and milk – 

only two food items (Table S7). This lack of plausibility supports the two-factor solution. 

Finally, the two-factor solutions were examined with single fruit and single vegetable items 

or with various fruit and vegetable groups (Table S8-9, appendix). However, the single 

fruit items (banana, mango, orange, pineapple and avocado) didn’t reveal into a clear 

separation between the two identified dietary patterns (Table S8). Also, different fruit 

(classical fruits, citrus fruits and exotic fruits) and vegetable groups (leafy vegetables and 

vegetables) didn’t separate the two identified dietary patterns (Table S9). This supports 

the use of the 33 food items and groups for the factor analysis as shown in Table S4 
(appendix). 

 

3.3.4 Dietary pattern derived by reduced rank regression 

The aim of the RRR method is to identify dietary patterns that explain as much as possible 

variation in response variables. In the first step, response scores are extracted that are a 

linear combination of the response variables. In this analysis concentrations of 

adiponectin, HDL-cholesterol and triglycerides were used as response variables in RRR. 

Concentrations of these response variables differed significantly between diabetes cases 

and controls, with lower values of adiponectin and HDL-cholesterol, but higher values of 

serum triglycerides in the diabetes group (see Table 7). Among the control group, 

adiponectin correlated positively with HDL-cholesterol (r = 0.16, p<0.001) and negatively 

with triglycerides (r = -0.17, p<0.001). HDL-cholesterol and triglycerides were weakly 

correlated with each other (r = 0.08, p = 0.03). 

Table 21 shows the explained variation in the three biomarkers by the three response 

scores. The first response score explained 83.5% of the variation in triglycerides, followed 
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by HDL-cholesterol with 10.9% and adiponectin with 5.6%. The second and third 

response scores were largely driven by the explained variation in adiponectin and HDL-

cholesterol and only marginally by triglycerides.  

 

Table 21: Explained biomarker variation of the three response scores 

  Explained variation of biomarker concentration (%)1 
  Adiponectin HDL-Cholesterol Triglycerides 
Response score 1 5.6 10.9 83.5 
Response score 2 51.6 42.8 5.5 
Response score 3 45.7 49.4 4.9 

1 The biomarker variation explained by the three response scores is calculated by multiplication of 
standardized score parameter (obtained from multiple linear regression of biomarkers on original response 
scores) and Pearson’s correlation coefficient (of biomarkers with response score) x100. 

 

The weights of the biomarkers for the three response scores are presented in Table 22. 

These weights are important for the interpretation of the biological plausibility of the 

biomarkers in each response score.  Adiponectin and HDL-cholesterol were both inversely 

and triglycerides positively associated with the first response score, whereas all three 

biomarkers were positively associated with the second response score. With the third 

response score, adiponectin showed an inverse and HDL-cholesterol and triglycerides a 

positive association.  

 

Table 22: Weight of biomarkers in response scores derived by RRR 

  Weights of biomarkers 
  Adiponectin HDL-Cholesterol Triglycerides 
Response score 1 -0.15 -0.33 0.93 
Response score 2 0.72 0.61 0.33 
Response score 3 -0.68 0.72 0.15 
 

In the second step, the response scores are projected into the space of the predictors to 

produce factor scores that are a linear combination of the predictor variables. In this 

analysis the intake frequencies of 35 food items were used as predictors and therefore the 

factor scores represent dietary patterns. The number of derived dietary patterns is always 

equal to the number of response variables in RRR. The explained biomarker variations of 

the three dietary pattern scores are shown in Table 23. The first dietary pattern score 

explained 3.8% of the total variation in all three biomarkers and was largely driven by the 

explained variation in triglycerides (9.9%) and only marginally by HDL-cholesterol (1.3%) 
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and adiponectin (0.3%). The second and third pattern score explained 1.4% and 1.0% of 

the total biomarker variation, respectively (Table 23).  

 

Table 23 : Explained biomarker variation of the three dietary pattern scores 

  Explained variation (%) of biomarker concentration 
  Adiponectin HDL-cholesterol Triglycerides Total biomarkers 
Dietary pattern score 1 0.3 1.3 9.9 3.8 
Dietary pattern score 2 2.1 1.5 0.4 1.4 
Dietary pattern score 3 1.7 2.9 0.1 1.0 
 

 

In summary, only the first response score showed a biological plausible biomarker profile 

as seen by the direction of the biomarker weights (Table 22) and also the first dietary 

pattern score explained the highest biomarker variation (Table 23). Therefore only the first 

dietary pattern score was considered for further analyses. 

 

The first dietary pattern explained 8.0% of the total variation in foods and was 

characterized by a high consumption of plantain, garden egg and cassava and a low 

intake of juice, sweets, rice, hot chocolate, soft drinks, vegetable oil, red meat, milk and 

eggs (Table 24). The food items with factor loadings > 0.20 (marked in bold in Table 24) 

were considered to be the main contributors to the pattern score. 
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Table 24: Factor loadings1 of all 35 food items derived by reduced rank regression 

Food item Factor Loading 
Plantain 0.38 
Garden egg 0.27 
Cassava 0.24 
Juice -0.34 
Sweets -0.31 
Vegetable oil -0.29 
Rice -0.27 
Milo (hot chocolate) -0.26 
Soft drinks -0.24 
Eggs -0.23 
Red meat -0.21 
Margarine -0.18 
Milk -0.15 
Groundnut -0.14 
Carrot -0.12 
Fruits -0.09 
Lettuce -0.09 
Crab 0.08 
Sweet potato -0.06 
Cocoyam 0.06 
Beans -0.06 
Cucumber -0.05 
Green leaves 0.05 
Agushie (pumpkin seeds) -0.05 
Yam -0.04 
Palm oil -0.04 
Fish 0.04 
Porridge -0.04 
Alcoholic drinks -0.03 
Millet 0.02 
Okro -0.02 
Bread 0.01 
Coffee 0.01 
Banku (fermented maize product) -0.01 
Poultry 0.003 

1 Factor loadings correspond to correlation coefficients between food intake and the dietary pattern score; the 
food items with factor loadings > 0.20 are marked in bold  
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Table 25 shows the characteristics and biomarker concentrations and the median intake 

of the 35 food items across dietary pattern quintiles among the controls (n=668). 

Participants in the highest quintile of the pattern were older, heavier, and of lower SES 

than those in the lower quintiles. No linear trend across quintiles was observed for 

adiponectin (p for trend = 0.09). Participants in the highest quintile had lower HDL-

cholesterol concentrations (p for trend = 0.05) and higher triglycerides (p for trend <0.001) 

compared to the lower quintiles. With respect to the food intake, five food items showed a 

positive association with the dietary pattern score, whereas 18 food items were inversely 

associated and 12 food items were not related with the pattern score. The intake of these 

35 food items varied clearly across the quintiles of the dietary pattern score. Participants 

in the highest quintile consumed plantain 5.5-times more frequently than those in the 

lowest quintile. In contrast, participants in the highest quintile consumed juice 3.5-times 

less frequently than those in the lowest quintile. 

 

3.3.5 Association between RRR-derived dietary pattern and type 2 diabetes 

ORs and corresponding 95% CI for the association between the dietary pattern and type 2 

diabetes across quintiles and per 1SD are shown in Table 26. The age and sex-adjusted 

OR for type 2 diabetes in the highest quintile compared to the lowest was 11.90 [95% CI: 

6.25-22.67], p for trend <0.001. Adjustment for family history of diabetes, smoking, 

educational attainment, literacy, unemployment and energy expenditure (model 2) only 

slightly attenuated the association (OR for highest quintile: 10.63 [5.40-20.93], p for trend 

<0.001). Adjustment for the SES sum score instead of educational attainment, literacy and 

unemployment in the multivariate-adjusted model (model 2a) further attenuated the 

association between the dietary pattern and type 2 diabetes (OR for highest quintile: 9.45 

[4.81-18.57], p for trend <0.001). The dietary pattern remained also strongly associated 

with diabetes risk after additional adjustment for BMI and WHR (OR for highest quintile: 

7.99 [4.00-15.94], p for trend <0.001). Similarly to the quintile-based analysis, the dietary 

pattern increased the odds of type 2 diabetes per 1 SD difference of the pattern score by 

65% [43-89%] in the fully adjusted model.  
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Table 25: Characteristics, biomarker concentrations and food intake by quintiles of dietary pattern score among 668 controls 

  Quintile of the dietary pattern score   
Characteristics 1 2 3 4 5 p for trend1 
n 134 134 133 134 132 

 Sex (female) 106 (79.0) 106 (79.0) 101 (77.0) 96 (72.0) 107 (80.0) 0.48 
Age (years) 32.2 ± 12.9 43.8 ± 14.1 48.5 ± 12.6 52.6 ± 13.5 57.2 ± 12.6 <0.001 
BMI (kg/m²) 23.8 ± 4.5 25.8 ± 5.4 26.7 ± 5.1 26.0 ± 5.0 26.7 ± 6.3 <0.001 
WHR 0.81 ± 0.07 0.85 ± 0.08 0.88 ± 0.07 0.88 ± 0.07 0.89 ± 0.07 <0.001 
SES sum score (very low SES)  5 (3.7) 18 (13.4) 25 (18.9) 29 (21.6) 41 (30.6) <0.001 
Family history of diabetes 29 (21.6) 34 (25.4) 37 (28.0) 37 (27.6) 30 (22.4) 0.66 
Smoking (ever) 4 (3.0) 7 (5.2) 5 (3.8) 4 (3.0) 7 (5.2) 0.78 
Energy expenditure (kcal/d) 1,086 (896-1,477) 1,210 (861-1,588) 1,326 (959-1,698) 1,195 (755-1,751) 1,295 (649-1,701) 0.52 
Biomarker 

        Adiponectin (mg/ml) 8.81 (6.37-11.55) 8.36 (6.08-11.16) 8.08 (6.21-11.26) 9.29 (6.89-11.98) 8.76 (6.98-11.76) 0.09 
  HDL-cholesterol (mmol/L) 1.38 (1.12-1.63) 1.39 (1.14-1.68) 1.42 (1.15-1.66) 1.37 (1.11-1.56) 1.32 (1.09-1.54) 0.05 
  Triglycerides (mmol/L) 0.92 (0.69-1.22) 1.17 (0.82-1.54) 1.23 (0.96-1.72) 1.27 (0.93-1.75) 1.46 (1.07-1.89) <0.001 
Food intake (servings/week)       
positive association       
  Plantain 1.5 (0.5-3.5) 3.5 (1.5-3.5) 3.5 (1.5-7.0) 5.5 (3.5-7) 7.0 (5.5-7.0) <0.001 
  Garden egg 3.5 (1.5-7.0) 3.5 (1.5-7.0) 7.0 (3.5-7.0) 7.0 (3.5-7.0) 7.0 (7.0-7.0) <0.001 
  Cassava 1.5 (0.5-1.5) 1.5 (1.5-3.5) 1.5 (1.5-3.5) 3.5 (1.5-5.5) 5.5 (3.5-7.0) <0.001 
  Crab 0 (0-0.5) 0 (0-0.5) 0.5 (0-0.5) 0 (0-0.5) 0.5 (0-0.5) <0.001 
  Cocoyam 0.5 (0-0.5) 0.5 (0-0.5) 0.5 (0-1.5) 0.5 (0.5-1.5) 0.5 (0-1.5) <0.001 
inverse association       
  Juice 3.5 (0.5-3.5) 0.5 (0-1.5) 0.5 (0-1.5) 0 (0-0.5) 0 (0-0.5) <0.001 
  Sweets 0.5 (0.5-1.5) 0.5 (0-0.5) 0.5 (0-0.5) 0 (0-0.5) 0 (0-0.5) <0.001 
  Vegetable oil 3.5 (3.5-7.0) 3.5 (1.5-5.5) 3.5 (1.5-3.5) 1.5 (1.5-3.5) 1.5 (0.5-3.5) <0.001 
  Rice 7.0 (3.5-7.0) 3.5 (3.5-7.0) 3.5 (2.5-7.0) 3.5 (1.5-5.5) 1.5 (0.5-3.5) <0.001 
  Hot chocolate 3.5 (1.5-5.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 0.5 (0-1.5) 0.5 (0-1.5) <0.001 
  Soft drinks 1.5 (0.5-3.5) 1.5 (0.5-1.5) 1.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0-1.5) <0.001 
  Eggs 1.5 (0.5-3.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0-1.5) 0.5 (0-0.5) <0.001 
  Red meat 3.5 (1.5-7.0) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 0.5 (0.5-1.5) <0.001 
  Margarine 0.5 (0-1.5) 0 (0-0.5) 0 (0-0.5) 0 (0-0.5) 0 (0-0.5) <0.001 
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Table 25 continued 

  Quintile of dietary pattern score  
Food intake (servings/week) 1 2 3 4 5 p for trend1 
inverse association 

        Milk 3.5 (0.5-7.0) 1.5 (0.5-5.5) 0.5 (0.5-4.5) 0.5 (0-3.5) 0.5 (0-1.5) <0.001 
  Groundnut 1.5 (1.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-2.5) 1.5 (0.5-1.5) 0.5 (0-1.5) <0.001 
  Carrot 1.5 (0.5-3.5) 1.5 (0.5-3.5) 0.5 (0.5-1.5) 0.5 (0-1.5) 0.5 (0-1.5) <0.001 
  Fruits 3.5 (1.5-3.5) 1.5 (1.5-3.5) 3.5 (1.5-3.5) 1.5 (1.5-3.5) 1.5 (1.5-3.5) <0.001 
  Lettuce 0.5 (0.5-1.5) 0.5 (0-1.5) 0.5 (0-1.5) 0.5 (0-1.5) 0.5 (0-0.5) <0.001 
  Sweet potato 0 (0-0.5) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.004 
  Beans 1.5 (1.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 0.002 
  Cucumber 0.5 (0-1.5) 0.5 (0-0.5) 0.3 (0-0.5) 0 (0-0.5) 0 (0-0.5) 0.001 
  Agushie (pumpkin seeds) 0.5 (0.5-1.5) 0.5 (0-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0-1.5) 0.008 
no significant association 

        Green leaves 1.5 (1.5-3.5) 1.5 (1.5-3.5) 3.5 (1.5-5.5) 3.5 (1.5-5.5) 3.5 (0.5-3.5) 0.68 
  Yam 1.5 (1.5-3.5) 1.5 (1.5-3.5) 1.5 (1.5-3.5) 1.5 (1.5-3.5) 1.5 (0.5-3.5) 0.07 
  Palm oil 3.5 (1.5-5.5) 3.5 (1.5-3.5) 3.5 (1.5-5.5) 3.5 (1.5-5.5) 3.5 (1.5-5.5) 0.18 
  Fish 7.0 (5.5-7.0) 7.0 (7.0-7.0) 7.0 (7.0-7.0) 7.0 (7.0-7.0) 7.0 (7.0-7.0) 0.27 
  Porridge 0.5 (0-1.5) 0.5 (0-1.5) 0.5 (0-0.5) 0 (0-0.5) 0.5 (0-0.5) 0.43 
  Alcoholic drinks 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.41 
  Millet 1.5 (0.5-3.5) 1.0 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0-3.5) 0.23 
  Okro 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 0.36 
  Bread 4.5 (1.5-7.0) 3.5 (1.5-7.0) 5.5 (1.5-7.0) 3.5 (1.5-7.0) 3.5 (1.5-7.0) 0.57 
  Coffee 0 (0-0.5) 0 (0-0.5) 0 (0-0) 0 (0-0) 0 (0-0) 0.32 
  Banku (fermented maize product) 3.5 (1.5-7.0) 3.5 (1.5-5.5) 3.5 (1.5-7) 3.5 (1.5-7.0) 3.5 (1.5-7.0) 0.91 
  Poultry 1.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.91 

Values are expressed as mean ± standard deviation, participant number (%) or median (interquartile range); 1 p-value represents linear trend across quintiles; 
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Table 26: Multivariate-adjusted ORs (95% CI) for type 2 diabetes by quintiles and per 1SD of the dietary pattern score 

  Quintile    

  1 2 3 4 5 p for trend1 OR per 1 SD 

Median -2.05 -1.07 -0.31 0.38 1.30   

No. of cases/controls 13/134 45/134 84/132 174/134 222/134 
  Model 1 1.00 2.85 (1.46-5.59) 5.18 (2.71-9.89) 9.89 (5.23-18.69) 11.90 (6.25-22.67) <0.001 1.81 (1.60-2.06) 

Model 2 1.00 2.78 (1.37-5.66) 4.57 (2.31-9.02) 8.64 (4.43-16.88) 10.63 (5.40-20.93) <0.001 1.78 (1.55-2.03) 

Model 2a 1.00 2.66 (1.31-5.39) 4.43 (2.25-8.72) 7.90 (4.05-15.38) 9.45 (4.81-18.57) <0.001 1.71 (1.50-1.96) 

Model 3 1.00 2.42 (1.17-5.02) 3.98 (1.99-7.97) 6.78 (3.43-13.40) 7.99 (4.00-15.94) <0.001 1.65 (1.43-1.89) 
Model 1: adjusted for age and sex; Model 2: adjusted for age (years), sex, diabetes family history, educational attainment, literacy, unemployment, smoking status and energy 
expenditure (kcal/d); Model 2a: adjusted for age (years), sex, diabetes family history, SES sum score, smoking status and energy expenditure (kcal/d); Model 3: Model 2a + BMI 
and WHR; 1 p-value represents linear trend across quintiles; CI: confidence interval; SD: standard deviation; OR: odds ratio
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Sensitivity analyses 

Several sensitivity analyses were applied to assess the robustness of the results. First, 

interaction analyses were used to examine whether the association between the dietary 

pattern score and type 2 diabetes was modified by sex, general obesity or central 

adiposity. The association between the dietary pattern and type 2 diabetes was consistent 

for women and men (women: OR for 1SD in the full-adjusted model = 1.66 [1.41-1.95], 

men: OR = 1.68 [1.28-2.22], p for interaction = 0.58), for BMI-categories (< 30 kg/m²: OR 

for 1SD = 1.66 [1.42-1.94], ≥ 30kg/m²: OR = 1.72 [1.26-2.35], p for interaction = 0.32) and 

for categories of waist circumference (< 88 cm (women), < 102 cm (men): OR for 1SD = 

1.63 [1.36-1.97], ≥ 88/102cm: OR = 1.68 [1.36-2.08], p for interaction = 0.57). 

Additionally, the RRR analysis was repeated after excluding participants with lipid-

lowering (2.3%) or anti-inflammatory drug intake (2.0%). The results were virtually 

identical (OR for 1SD in the full-adjusted model=1.67 [1.45-1.92]). 

 

The concentrations of adiponectin, HDL-cholesterol and triglycerides chosen as response 

variables in the RRR might have changed during the course of diabetes. Although we can 

not examine this among the diabetes cases, we can assess whether the positive 

association of the dietary pattern score remain with FPG concentrations and HOMA-IR in 

the apparently healthy control group. Indeed, FPG concentrations slightly increased from 

the lowest quintile to the fourth quintile of the pattern score, however, in the fifth quintile 

FPG decreased (mean ± standard deviation: 4.50 ± 0.67, 4.57 ± 0.76, 4.59 ± 0.78, 4.63 ± 

0.71 and 4.51 ± 0.60 mmol/L, p for trend = 0.70). No clear trend was seen for HOMA-IR: 

median (interquartile range): 1.47 (0.94-2.27), 1.49 (1.06-2.26), 1.46 (0.95-2.21), 1.27 

(0.84-1.92) and 1.34 (0.79-2.16), p for trend = 0.08. 

 
Finally the dietary pattern was simplified. The first step for the simplification was to select 

the main contributors for the pattern score. Therefore a stepwise linear regression with the 

first response score as dependent variable and all 35 food items as independent variable 

were applied. Thus, only food items that were significantly associated with the response 

score were considered for the simplified score.  Table 27 shows the selected food items in 

the order of their stepwise selection with regression coefficients and p-values. The food 

items plantain, cassava, garden egg and poultry were positively associated, whereas fish, 

red meat, vegetable oil, juice and sweets were inversely associated with the response 

score.  
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 Table 27: Selected food items identified by linear stepwise regression 

Food item Regression coefficient p-value 
Cassava 0.033 0.008 
Plantain 0.042 0.002 
Fish -0.041 0.028 
Red meat -0.028 0.047 
Poultry 0.047 0.018 
Garden egg 0.043 0.002 
Vegetable oil -0.038 0.010 
Juice -0.068 0.005 
Sweets -0.099 0.030 

The response score was used as dependent and all 35 food items as independent variable in linear stepwise 
regression analysis 

 

In the next step of the simplification of the dietary pattern score only the nine selected 

food items were used to calculate the simplified dietary pattern score. The simplified score 

represents the sum of the unweighted standardized intake of the nine food items. The 

simplified score was strongly correlated with the original dietary pattern score (r = 0.91, 

p≤0.001) and showed similar associations with sociodemographic characteristics and the 

three response variables (Table 28). The characteristics, biomarker concentrations and 

the median intake of the nine food items across the simplified dietary pattern quintiles 

among the controls (n = 668) are shown in Table 28. Participants in the highest quintile of 

the pattern were older, heavier, and of lower SES than those in the lower quintiles. No 

linear trend across quintiles was observed for adiponectin (p for trend = 0.09). Participants 

in the highest quintile had lower HDL-cholesterol concentrations (p for trend = 0.05) and 

higher triglycerides (p for trend <0.001) compared to the lower quintiles. Furthermore, the 

strength of the association between the simplified score and type 2 diabetes was nearly 

identical to the association between the original dietary pattern score and diabetes. The 

OR [95%CI] per 1SD difference was 1.66 [1.41-1.96] in the fully-adjusted model (model 3) 

(Table 29). The strength of association between the simplified score and type 2 diabetes 

across quintiles was somewhat lower as for the original score. In the full-adjusted model 

the OR for the highest compared to the lowest quintile was 4.02 [2.32-6.96].  

The importance of individual components for type 2 diabetes was examined by 

sequentially subtracting each component from the simplified score (Table 30). The 

removal of juice, plantain, red meat, sweets, vegetable oil and garden egg weakened the 

association for type 2 diabetes. The subtraction of fish and poultry showed rather minor 

changes. Surprisingly, the subtraction of cassava, which was positively associated with 

the dietary pattern score, increased the association for type 2 diabetes. 
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Table 28: Characteristics, biomarker concentrations and food intake by quintiles of the simplified dietary pattern score among 668 controls 

  Quintile of the simplified dietary pattern score   
Characteristics 1 2 3 4 5 p for trend1 
n 131 123 135 148 131 

 Sex (female) 108 (82.4) 95 (77.0) 102 (75.6) 111 (75.0) 100 (76.3) 0.61 
Age (years) 34.8 ± 14.2 42.2 ± 14.6 47.4 ± 13.3 52.8 ± 13.0 55.9 ± 14.1 <0.001 
BMI (kg/m²) 24.4 ± 4.9 25.8 ± 5.4 26.4 ± 5.1 26.7 ± 5.5 25.5 ± 5.8 <0.001 
WHR 0.82 ± 0.07 0.86 ± 0.07 0.87 ± 0.07 0.88 ± 0.07 0.88 ± 0.07 <0.001 
SES sum score (very low SES)  10 (37.6) 14 (11.4) 22 (16.3) 29 (19.6) 43 (32.8) <0.001 
Family history of diabetes 37 (28.2) 29 (23.6) 37 (27.4) 38 (25.7) 26 (19.9) 0.53 
Smoking (ever) 3 (2.3) 7 (5.7) 3 (2.2) 8 (5.4) 6 (4.6) 0.43 
Energy expenditure (kcal/d) 1,146 (876-1,535) 1,198 (949-1,687) 1,309 (890-1,764) 1,235 (738-1,642) 1,252 (679-1,719) 0.52 
Biomarker 

        Adiponectin (mg/ml) 8.99 (6.67-11.32) 7.78 (5.88-11.46) 8.12 (6.12-11.91) 8.83 (6.64-11.98) 8.83 (7.00-12.68) 0.09 
  HDL-cholesterol (mmol/L) 1.36 (1.09-1.69) 1.38 (1.16-1.61) 1.46 (1.18-1.73) 1.37 (1.13-1.56) 1.30 (1.07-1.55) 0.05 
  Triglycerides (mmol/L) 0.88 (0.72-1.23) 1.10 (0.86-1.47) 1.25 (0.94-1.75) 1.29 (0.95-1.74) 1.46 (0.99-1.86) <0.001 
Food intake (servings/week)       
positive association       
  Plantain 1.5 (0.5-1.5) 1.5 (1.5-3.5) 3.5 (1.5-5.5) 5.5 (3.5-7) 7.0 (7.0-7.0) <0.001 
  Garden egg 3.5 (1.5-7.0) 3.5 (1.5-7.0) 7.0 (3.5-7.0) 7.0 (3.5-7.0) 7.0 (7.0-7.0) <0.001 
  Cassava 1.5 (0.5-1.5) 1.5 (1.5-3.5) 1.5 (1.5-3.5) 3.5 (1.5-5.5) 7.0 (3.5-7.0) <0.001 
inverse association       
  Juice 1.5 (0.5-3.5) 0.5 (0-1.5) 0.5 (0-1.5) 0 (0-0.5) 0 (0-0.5) <0.001 
  Sweets 0.5 (0.5-1.5) 0.5 (0-1.5) 0.5 (0-0.5) 0 (0-0.5) 0 (0-0.5) <0.001 
  Vegetable oil 5.5 (3.5-7.0) 3.5 (1.5-3.5) 3.5 (1.5-3.5) 1.5 (1.5-3.5) 1.5 (0.5-3.5) <0.001 
  Poultry 1.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0.5-1.5) 0.5 (0-1.5) 0.84 
  Fish 7.0 (5.5-7.0) 7.0 (7.0-7.0) 7.0 (7.0-7.0) 7.0 (7.0-7.0) 7.0 (7.0-7.0) 0.11 
  Red meat 3.5 (1.5-7.0) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 1.5 (0.5-3.5) 0.5 (0.5-1.5) <0.001 

Values are expressed as mean ± standard deviation, participant number (%) or median (interquartile range); 1 p-value represents linear trend across quintiles 
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Table 29: Multivariate-adjusted ORs (95% CI) for type 2 diabetes by quintiles and per 1SD of the simplified dietary pattern score 

  Quintile    
  1 2 3 4 5 p for trend1 OR per 1 SD 
No. of cases/controls 27/131 43/123 92/135 158/148 218/131 

  Median -1.71 -0.87 -0.24 0.32 1.02 
  Model 1 1.00 1.41 (0.82-2.45) 2.57 (1.55-4.25) 3.63 (2.22-5.93) 5.35 (3.26-8.76) <0.001 1.86 (1.61-2.15) 

Model 2 1.00 1.53 (0.84-2.78) 2.36 (1.37-4.07) 3.59 (2.11-6.10) 5.24 (3.08-8.93) <0.001 1.84 (1.57-2.15) 
Model 2a 1.00 1.51 (0.83-2.72) 2.33 (1.35-4.00) 3.30 (1.95-5.60) 4.72 (2.77-8.02) <0.001 1.75 (1.49-2.05) 
Model 3 1.00 1.36 (0.74-2.51) 2.11 (1.21-3.70) 2.91 (1.69-5.02) 4.02 (2.32-6.96) <0.001 1.66 (1.41-1.96) 

Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, diabetes family history, educational attainment, literacy, unemployment, smoking status and energy expenditure;  
Model 2a: adjusted for age, sex, diabetes family history, SES sum score, smoking status and energy expenditure;  Model 3: adjusted for age, sex, diabetes family history, SES sum 
score, smoking status and energy expenditure, BMI and WHR; 1 p-value represents linear trend across quintiles; CI: confidence interval; SD: standard deviation; OR: odds ratio 

 

Table 30: Importance of individual food components of the dietary pattern score 

 
OR (95% CI) per 1SD CIE (%) 

Simplified dietary pattern score 1.66 (1.41-1.96) 
 Simplified dietary pattern score without juice 1.46 (1.25-1.70) - 12.0 

Simplified dietary pattern score without plantain 1.47 (1.25-1.72) - 11.4 
Simplified dietary pattern score without red meat 1.54 (1.32-1.80) - 7.2 
Simplified dietary pattern score without sweets 1.55 (1.33-1.82) - 6.6 
Simplified dietary pattern score without vegetable oil 1.56 (1.33-1.83) - 6.0 
Simplified dietary pattern score without garden egg 1.57 (1.34-1.85) - 5.4 
Simplified dietary pattern score without poultry 1.70 (1.44-2.01) + 2.4 
Simplified dietary pattern score without fish 1.72 (1.46-2.03) + 3.6 
Simplified dietary pattern score without cassava 2.15 (1.80-2.56) + 29.5 

Simplified dietary pattern score: sum of unweighted standardized intake of nine food items, which were significantly associated with the response score (plantain + cassava + 
gardenegg – fish – red meat – poultry – juice – sweets – vegetable oil; CIE: Change in estimate: difference between ORs divided by OR of original factor score and multiplied by 
100 (%);CI: confidence interval; SD: standard deviation; OR: odds ratio; Model 3 adjustment were applied: adjusted for age, sex, diabetes family history, SES sum score, smoking 
status, energy expenditure, bmi and whr  
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4 DISCUSSION 

4.1 Discussion of results 

4.1.1 Anthropometric characteristics 

In this mainly female, middle-aged, and of low SES study population from urban Ghana, 

prevalences of overweight and obesity were higher among women than men. In particular, 

central obesity is common among the majority of the women. This is consistent with other 

studies that reported high rates of obesity in urban Ghana [33, 161]. A cross-sectional 

study from urban Ghana did also find a higher prevalence of general obesity (BMI ≥ 30 

kg/m²) among women (36%) than men (10%) [162]. Also in the Women’s Health Study of 

Accra, consisting of 2,814 women, aged ≥18 years and living in the Accra Metropolitan 

Area, 79% of the women exhibited a central obesity (WC ≥ 88cm). Furthermore, the 

majority of these Ghanaian women (72%) were not satisfied with their body size, and 30% 

of them preferred a heavier body size. In addition, 61% of the women who were satisfied 

with their body size were overweight or obese [163]. One explanation for the high obesity 

rates is the regional perception of obesity as a marker of affluence [1] and obesity is 

associated with beauty and health in women [38]. 

 

4.1.2 Associations between anthropometric measures and type 2 diabetes 

The present thesis investigated for the first time various anthropometric measures and 

their relationships with type 2 diabetes in an urban Ghanaian population. In this study, 

measures of central obesity but not of general obesity were positively associated with type 

2 diabetes in both women and men [164]. Specifically, BMI was not associated with the 

risk of type 2 diabetes, while WHR showed the strongest relationship in both sexes. 

So far, only a few studies evaluated the association between obesity measures and type 2 

diabetes in SSA (Table 4). These studies have been conducted in various regions of SSA, 

applied varying obesity measurements and diabetes ascertainment, and included a wide 

range of sample sizes. Furthermore, interpretation of the findings is further complicated by 

high levels of ethnic diversity possibly resulting in different body compositions in these 

African studies. Consequently, the heterogeneity of these studies complicates the 

comparison of their results.  
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Results from the few prior existing studies are inconsistent, suggesting either a positive 

[44, 71-73] or no association [45, 46] between BMI and type 2 diabetes. Indeed, BMI was 

neither associated with type 2 diabetes among women nor among men in the present 

study. A possible explanation for the lack of association could be the high prevalence of 

type 2 diabetes cases with a poor glycaemic control (46%) in this population. Performing a 

sensitivity analysis among the poorly controlled diabetes cases (medication + FPG ≥ 

7mmol/L) showed a reduced mean BMI and mean body cell mass. This argues for 

diabetic muscle atrophy as an underlying mechanism [165]. However, after exclusion of 

poorly controlled diabetes cases, the ORs for type 2 diabetes increased slightly, but were 

still not significant. Thus, a poor glycaemic control is unlikely to explain the difference in 

the associations observed for BMI and central obesity measures in this Ghanaian study 

population. Furthermore, another hypothesis for the lack of association is that SES could 

have modified the association between BMI and type 2 diabetes. In fact, the mean BMI 

rose with increasing SES sum score and was higher in women and men with moderate 

SES compared to very low SES. Nevertheless, no interaction for the association between 

BMI and type 2 diabetes with SES was found in both sexes.  

 

The lack of a clear association between BMI and type 2 diabetes in this study is in 

contrast to findings of studies in other ethnic populations [20]. However, general body fat 

mass may play a substantially different role among populations with African ancestry 

compared to Caucasians. This is supported by the observation that associations between 

the fat mass and obesity-related (FTO) gene (a major obesity risk locus), and diabetes are 

weaker or even contrary in populations with African ancestry compared to European 

populations [166-168]. 

 

With regard to central obesity, findings are more consistent across SSA populations: WC 

[44-46] or WHR [44, 72, 73] were more strongly associated with diabetes than BMI. This is 

in line with the present study, where WHR showed the strongest relationship with type 2 

diabetes independent of BMI. WHR was less strongly correlated with BMI than WC, and is 

therefore a more specific surrogate for fat distribution. This indicates the importance of the 

body fat distribution in the diabetes development compared to generalized obesity. 

Visceral fat is highly metabolically active, and its accumulation, reflected by larger WHR, 

causes an increased delivery of free fatty acids to the liver, resulting in insulin resistance, 

hyperinsulinaemia and hypertriglyceridaemia [169] and hence greatly increases the risk of 

type 2 diabetes.  
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HC was inversely associated with type 2 diabetes among men. This is in line with prior 

studies that have reported a protective association of larger HC on diabetes in South 

Africans [45], Asian-Indian men [170] and four non-Caucasian ethnic groups [171]. 

Regarding a potential biological mechanism of this relation, increased muscle mass or 

femoral fat mass accumulation reflected by large hips may be responsible. It has been 

suggested, that the subcutaneous femoral fat tissue is protective, because of high 

lipoprotein lipase activity and due to the lower lipolysis rate in this region compared to the 

visceral region [172]. These fat depots are therefore more likely to protect liver and 

muscle by taking up and storing increased concentrations of free fatty acids [173].  

 

4.1.3 Discrimination of type 2 diabetes cases and controls 

This is the first study that compared the discriminative power of different obesity measures 

for type 2 diabetes in SSA [164]. WHR showed the best discriminatory ability for diabetes 

in this Ghanaian population. A recent study among Cameroonians suggested that central 

obesity measures are better predictors for diabetes than BMI [46]. In this study WC 

showed the best discriminatory ability to identify diabetes. Further, prior studies from SSA 

on cardiovascular diseases observed that central obesity measures were better predictors 

of disease risk than BMI. A cross-sectional study in Ethiopia evaluated the relation 

between measures of obesity and cardiovascular disease risk [174]: WC in women and 

WHtR in men were the measures most strongly associated. Overall, comparisons of ROC 

curves identified that WC was the best predictor of cardiovascular disease risk among this 

population. Furthermore, several other non-Caucasian indigenous populations, such as 

Taiwanese [175], South Indians [176], Australian Aboriginal people and Torres Strait 

Islanders [177] consistently observed that WHR was a better predictor of diabetes risk 

than BMI.  

 

Even though data from African Americans are not directly comparable to this present 

study, they also point to a particularly important role of central (rather than general) 

obesity as a risk factor for diabetes among blacks. In the prospective Insulin Resistance 

Atherosclerosis Study, measures of central and general adiposity similarly predicted type 

2 diabetes, except in African Americans, in whom central obesity measures were more 

predictive [40]. In line with this, the Atherosclerosis Risk in Communities Study, showed 

that WC was a better predictor for incident diabetes than BMI in African Americans 

compared to Caucasians [178].  
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4.1.4 Examination of cut-offs for obesity measures 

There is an ongoing discussion, whether the recommended cut-off points for obesity 

measures, which have been mainly derived among Caucasian populations, are 

appropriate for other populations [52, 54]. As for the population-specific anthropometric 

cut-off points, data from Asian populations have revealed that lower values of general and 

central obesity measures might be meaningful for the identification of individuals at risk of 

diabetes [52, 55, 56]. However, there is insufficient evidence for specific cut-offs for the 

identification of type 2 diabetes in SSA populations.  

This is the first study, which evaluated population-specific cut-off points for BMI, WC and 

WHR to identify type 2 diabetes in an SSA population: WHR was the best obesity 

measure to identify diabetes cases at the recommended cut-offs with high sensitivity and 

specificity in both sexes. The optimal WHR cut-off point in women (0.88) exceeded the 

reference value (0.85), but was identical for men (0.90). With respect to WC, 

recommended cut-off points identified type 2 diabetes well in women (high sensitivity), but 

not in men. The optimal cut-off point for WC was higher than the recommended cut-offs 

for both, overweight and obesity, in women (91.7 vs. 80.0/88.0 cm) and lower in men 

(83.4 vs. 94.0/102.0 cm). This is in line with previous findings that West African men have 

generally lower WC values than Western populations [68]. This cross-sectional study from 

SSA recommended WC cut-off points of 75.6 and 80.5 cm for men and 71.5 and 81.5 cm 

for women of Nigerian and Cameroon origin, respectively, for the identification of 

hypertension [68]. In addition, a study from urban South Africa reported that the WC cut-

off point for the identification of the metabolic syndrome among women was higher (91 

cm) compared to the cut-off recommended by the IDF (80 cm) [70]. Also a study from 

rural South Africa recommended an optimal WC cut-off point of 86 cm in men and 92 cm 

in women for the identification of the presence of at least two components of the metabolic 

syndrome [69]. With regard to BMI, the recommended cut-off for overweight (≥ 25 kg/m²) 

identified type 2 diabetes moderate, but cut-off for obesity (≥ 30 kg/m²) showed a low 

sensitivity and specificity in both sexes. Furthermore, the optimal BMI cut-offs were 

slightly higher compared to the recommended cut-off points for overweight and obesity, in 

both women (26.2 vs. 25.0/30.0) and men (26.7 vs. 25.0/30.0). With respect to the limited 

studies from SSA, further research is needed to increase the evidence for specific cut-offs 

among SSA populations. 
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4.1.5 Intake of energy, macronutrients and food groups 

The diet of this Ghanaian study population was rich in carbohydrates and fat. The diet 

largely relied on energy dense food such as plantain, banku, bread, rice, fish (mostly fried) 

and palm oil. Main dishes are mainly served as soups or stew including plantain, fish and 

vegetables (tomato, pepper, onions). The majority of this Ghanaian study population 

consumed three meals per day. These findings are comparable with results from a cross-

sectional study among 400 rural Ghanaian women [79]: Women consumed three meals 

per day and the most frequently consumed food items were the starchy staples, maize, 

fish, pepper, onion and tomato. Fish was the main source of animal protein and meat and 

milk were less frequently consumed. This is in line with the low consumption of meat and 

milk in the present study.  

 

4.1.6 Dietary patterns derived by factor analysis 

Two dietary patterns were identified by using factor analysis in this Ghanaian population 

[179]: The “purchase” dietary pattern was characterized by a high consumption of sweets, 

rice, protein-rich foods (red meat, poultry, eggs and milk), fruits and vegetables and low 

consumption of plantain. The “traditional” dietary pattern was characterized by a high 

intake of plantain, green leafy vegetables, beans, garden egg, fruits, fish, fermented maize 

products and palm oil. While participants in the “purchase” dietary pattern were younger, 

leaner and of better SES, participants in the “traditional” pattern were older, heavier and of 

lower SES.   

Exploratory derived dietary patterns in SSA 

Only five cross-sectional studies in comparatively small and specific populations have 

attempted to identify dietary patterns in SSA by factor analysis or cluster analysis (see 

Introduction, Table 5). These studies had diverse settings, used different criteria to 

identify dietary patterns and also the diets per se differed strongly from the Ghanaian diet 

in the present study. This makes the findings difficult to compare to dietary patterns 

among other SSA populations. However, some differences and similarities have to be 

discussed: A cross-sectional study from Cameroon identified two dietary patterns by factor 

analysis [98]. The “fruit and vegetable” pattern (characterized by high consumption of 

fruits, green and dark yellow vegetables, tubers, oils and fats, fish, rice, milk, pasta, soft 

drinks, sweets and meat) was similar to the mixed “purchase” dietary pattern of this study. 

In contrast, the “meat” pattern showed high factor loadings for bush meat, poultry, and red 

meat, but low factor loadings for sweets, cakes and sugar. Among 1086 elderly people in 
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urban and rural Botswana, five dietary patterns were identified using factor analysis [99]: 

A “beer”, “meat and fruit”, “vegetable and bread”, “seasonal produce”, and “milk, tea and 

candy” pattern, whereby only the “meat and fruit” pattern exhibited some similarities to the 

“purchase” dietary pattern of this study. Furthermore, among 1072 urban Burkinans, a 

“snacking” pattern (fried foods, sugar-sweetened products, cereals and dairy products) 

and a “modern foods” dietary pattern (processed meats, eggs, low in nuts, seeds, cereals, 

and beans) were revealed by principal component analysis [78]. In a cross-sectional study 

from rural Tanzania, five dietary patterns were identified by applying principal component 

analysis: A “purchase” dietary pattern (characterized by bread and cakes, sugar, and 

black tea), a “traditional-coast” (characterized by fruits, nuts, starchy plants, and fish), a 

“‘traditional-inland” (characterized by cereals, oils and fats, and vegetables), a “pulses” 

(characterized mainly by pulses, with few or no vegetables) and an “animal products” 

pattern (characterized by a high consumption of meat, eggs and/or milk) [97]. However, 

these patterns showed no similarities with the dietary patterns of this study. The best 

comparable dietary patterns to this study were identified among 200 urban Beninese 

residents by cluster analysis [96]: A “traditional” dietary pattern characterized by high 

intakes of grains, fruits, fish, and green leafy vegetables and a “transitional” pattern 

characterized by high intakes of bread, pasta, roots, nuts, meat, eggs, dairy, fats, and 

sweets. As a mixed pattern, the “transitional” pattern included imported and traditional 

foods and is similar to the “purchase” dietary pattern of the present study. These data 

highlight the difficulties to compare, not to say transfer, established dietary patterns in 

African populations with other SSA regions. 

Characteristics of exploratory derived dietary patterns in SSA 

It is not trivial to find common characteristics of the identified dietary patterns in SSA. For 

example, the pattern with high consumption of meat in Cameroon predominated in 

participants of low educational level [98], whereas in Benin participants of high SES 

adhered to such pattern [96]. With respect to a pattern loading high on vegetables, this 

was characterized by individuals of low SES in Benin [96], while in Botswana, such 

pattern prevailed in households with children [99]. In part, this is in line with the 

observations of the present study. Adherence to dietary patterns was associated with 

SES. Participants with a high score of the “purchase” dietary pattern were characterized 

by a better SES, whereas those with a high score of the ‘traditional’ dietary pattern were 

more deprived. Indeed, the “purchase” dietary pattern included food items (sweets, red 

meat and poultry) that are expensive for the majority of the population in this area. It 

seems that particularly people above the average income level and with better knowledge 

of healthy food adhere to this. In contrast, low income and poor education might favor the 
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adherence to the “traditional” dietary pattern. Furthermore, the study from Benin observed, 

that the proxy indicator for SES “birthplace” was associated with the “transitional” and 

“traditional” dietary pattern [96]. Participants in the transitional cluster were more often 

born in urban areas and those in the traditional cluster mainly stemmed from rural areas.  

 

4.1.7 Associations between dietary patterns and type 2 diabetes 

The “purchase” dietary pattern was associated with a reduced odds of type 2 diabetes, 

whereas the “traditional” dietary pattern was related to an increased odds of type 2 

diabetes. With respect to SSA, no previous study evaluated the association between 

dietary patterns and type 2 diabetes. However, a few investigated the relationship 

between dietary patterns and various health outcomes. In the aforementioned study from 

Benin, no clear associations of dietary patterns (characterized by urban vs. rural 

citizenship and high vs. low SES), with self-reported health status, were observed [96]. 

Nevertheless, urbanization and the epidemic of type 2 diabetes are paralleling in SSA [15, 

31]. With respect to Ghana, the proportion of the population living in urban areas has 

increased from 23 to 51% during the past 50 years, with the second highest proportion of 

urban citizens (61%) in the Ashanti Region [136]. Thus, it is justified to hypothesize that 

peasants from rural Ghana moved to the cities, where they faced lower income and 

altered food availability. In this situation, well-known traditional foods that are satiating and 

inexpensive, such as carbohydrate-dense foods of the ‘traditional’ dietary pattern, appear 

preferable. This could be a possible explanation for the observed positive association 

between the “traditional” dietary pattern and type 2 diabetes. However, this study has no 

information about movements from rural to urban areas and therefore cannot investigate 

this hypothesis so far. Of note, such associations between SES and the adherence to 

dietary patterns have been observed in Western populations, too. So-called prudent or 

healthier patterns were associated with increased income, better education and older age 

[180]. With respect to diet–disease relationships in the African region, the scarce data 

remain inconclusive. The Cameroon study was designed to identify patterns associated 

with hypertension and observed that the fourth quartile of the ‘fruit and vegetable’ pattern 

compared with the first quartile reduced the risk of hypertension by 60% [98]. The 

Botswanian study [99] did not investigate associations between dietary patterns and 

health outcomes. In Burkina Faso, obesity was positively associated with the “snacking” 

pattern, but not with the “modern foods” dietary pattern [78]. Similarly, in Tanzania, the 

“purchase” dietary pattern (characterized by bread and cakes, sugar, and black tea) 

showed the strongest positive association with BMI [97]. Clearly, these findings warrant 
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further investigations to understand the determinants of adherence to dietary patterns in 

SSA. 

Until now, the present study is the first to investigate associations between dietary 

patterns and the risk of type 2 diabetes in SSA. Prior studies evaluating associations 

between dietary patterns and type 2 diabetes are difficult to compare to the herein 

identified dietary patterns due to differences in food availability, processing and 

consumption in SSA. However, the inverse association of the “purchase” dietary pattern in 

the present study, which was rich in fruits and vegetables, appears to be consistent with 

previous studies reporting an inverse association for patterns sometimes called “prudent” 

or “healthy” characterized by higher intakes of fruits and vegetables [103, 104]. However, 

there are important differences in pattern structure observed in the present study 

compared with patterns evaluated in European [103, 110], US [104, 109] or Asian 

populations [106, 107, 181]. The “purchase” dietary pattern was also characterized by a 

high intake of red meat. Previous studies identified a “Western” dietary pattern with high 

intake of red meat; this pattern was associated with an increased risk of type 2 diabetes in 

other populations [104, 109, 181]. This is also true for the consumption of sweets in such 

“Western” patterns, which is positively associated with type 2 diabetes in Western  

populations [101, 105, 109], but inversely in the present study. While the consumption of 

sweets was low in this Ghanaian study population and the types of red meat differed from 

those in Western populations which might explain that the pattern was – in contrast to so-

called “Western” patterns – inversely associated with the risk of type 2 diabetes, the 

present study highlights that dietary patterns derived by exploratory methods are specific 

for this African study population. An alternative explanation for the inverse association of 

the “purchase” pattern with type 2 diabetes could be that the combined consumption of 

fruits, rice, meat and other food groups [179] may represent dietary diversity, which is 

inversely associated with biomarkers of type 2 diabetes [182].  

A local specificity might be postulated and even more pronounced for the “traditional” 

dietary pattern, which was characterized by high intakes of fermented maize products, 

palm oil and other traditional foods which are merely absent in diets in Western and Asian 

regions. The unexpected positive association between the “traditional” dietary pattern and 

type 2 diabetes in the present study is in contrast to findings from a Lebanese case-

control study [183]. This study identified a “traditional” dietary pattern that was 

characterized by high intake of olives oil, fruits and vegetables, whole wheat bread, and 

traditional dishes and was inversely associated with type 2 diabetes (OR [95%CI] = 0.46 

[0.22-0.97]) [183]. However, studies among other non-white populations, showed also 

harmful associations between the traditional foods and different health outcomes [184-

187]. A cross-sectional study among 2,374 Inuit in Greenland observed that the traditional 
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pattern was positively associated with type 2 diabetes, impaired fasting glucose and 

fasting plasma glucose and negatively related to ß-cell function [185]. Eilat-Adar et al. 

found higher HDL-cholesterol levels, but also higher triglycerides, BMI and HOMA-IR in 

American-Indians who adhered to the traditional pattern [184]. In a prospective Swedish 

study, slightly higher hazard ratios (HR per 1-point increase in score: 1.04 [95% CI 1.01-

1.07], p<0.018) for all-cause mortality in men have been found for higher scores of the 

traditional “Sami” diet [187]. Adherence to a traditional pattern high in beans and legumes, 

rice and oil, and low in high-fat dairy, condiments and nuts and seeds was associated with 

lower HDL-cholesterol and a higher odds of metabolic syndrome (OR [95%CI] = 1.7 [1.04-

2.7]) among Puerto Rican elders living in Massachusetts [186]. The authors attempt to 

find possible explanations for the association between the traditional dietary patterns and 

poor health outcomes. Eilat-Adar et al. hypothesized that the preparation methods have 

changed from cooking to more frying the foods [184]. This could also be a possible 

explanation for the positive association between the “traditional” dietary pattern and type 2 

diabetes in the present study. The explanation for the detrimental association of the 

traditional rice and beans pattern with the metabolic syndrome in the study by Noel et al. 

was that a diet rich in total carbohydrates with high glycemic load foods could promote 

lower HDL-cholesterol and higher triglyceride concentrations [186]. Another explanation 

given by Jeppesen et al. was that the traditional Inuit diet could contain contaminants such 

as mercury and persistent organic pollutants contributing to the decreased ß-cell function 

[185]. With respect to the traditional “Sami” diet, a limited FFQ and residual confounding 

by unmeasured factors were the explanation for the positive association with all-cause 

mortality in the Swedish study [187].  

An alternative explanation for the detrimental association of the “traditional” pattern in the 

present study could be that this pattern is not diverse. In other studies, dietary diversity 

was inversely associated with biomarkers of type 2 diabetes [182], obesity [188], 

cardiovascular risk factors [189] and the metabolic syndrome [190].  

 

These findings highlight that dietary patterns are population-specific, especially in SSA 

where food availability and consumption may be substantially different due to distinctions 

in climate, agriculture, food production and processing, and cultural habits compared to 

other regions [191, 192]. 
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4.1.8 Dietary pattern derived by reduced rank regression 

The present thesis identified for the first time a dietary pattern among an SSA population 

by using 35 food items as predictor variables and adiponectin, HDL-cholesterol and 

triglycerides as response variables with the RRR approach. Participants in the highest 

quintile of this dietary pattern were older, heavier, and of lower SES than those in the 

lower quintiles.   

The identified dietary pattern was characterized by a high consumption of traditional foods 

(plantain, garden egg and cassava) and low consumption of purchase foods (juice, 

sweets, vegetable oil, rice, milo, soft drinks, eggs and red meat). This pattern was related 

to higher concentrations of triglycerides and lower concentrations of HDL-cholesterol.  

 

The results of the RRR analysis confirm the previous findings of the exploratory factor 

analysis in this study population. The food items positively associated with the dietary 

pattern score in the RRR analysis (plantain and garden egg) were also included in the 

“traditional” dietary pattern. In addition, those food items inversely associated with the 

pattern score in RRR (rice, juice, eggs, milo, sweets and red meat) were also included in 

the “purchase” dietary pattern. Moreover, previous analysis in the KDH study has revealed 

a strong association between high levels of triglycerides (≥ 1.695 mmol/L) and type 2 

diabetes in this study population: multivariate-adjusted OR= 1.83 [95% CI: 1.13-2.97] 

[130]. Indeed, triglycerides were the main drivers of the association between the RRR-

derived dietary pattern and type 2 diabetes.  

 

4.1.9 Association between RRR-derived dietary pattern and type 2 diabetes  

This is the first study in SSA that evaluated the association between a RRR-derived 

dietary pattern and type 2 diabetes. The advantage of the RRR approach is that it 

incorporates information on biological pathways and thus derives dietary patterns 

predictive of a disease [95]. 

In the present study, a high dietary pattern score was associated with an increased risk of 

type 2 diabetes. Also the simplified dietary pattern showed a positive association with type 

2 diabetes in this study. The simplified dietary pattern score (nine food items) correlated 

highly with the more complex original score (including 35 food items), but has the 

advantage that it is easier to calculate and interpret [193]. This simplification approach is 

often used in factor analysis [100, 101, 105] or RRR analysis [110-112, 194]. Some 

studies used only food items with high factor loadings for the simplification of the dietary 

patterns [100, 105, 106, 194, 195]. However, applying a cut-point is a subjective decision 
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of the investigator and can vary between factor loadings of ≥ 0.20 to ≥ 0.30 in studies 

[100, 105, 106, 194, 195]. Other studies used only those food items that contributed most 

to the explained interindividual variation in the dietary pattern score to simplify their dietary 

patterns [196-198]. Another method to simplify a dietary pattern is to test for significant 

associations between the food groups and the response score in RRR [199]. In the 

present thesis, this objective method was used by applying a stepwise linear regression 

with the first response score as dependent variable and all 35 food items as independent 

variable. Thus, only the nine food items that were significantly associated with the 

response score were considered for the simplified score. The importance of individual 

components for type 2 diabetes was examined by sequentially subtracting each 

component from the simplified pattern score. However, no single food item was 

responsible for the positive association with type 2 diabetes.  

Overall, few epidemiological studies have investigated the association between dietary 

patterns derived by RRR and type 2 diabetes in Western populations. Although these 

studies used various intermediate markers as response variables including inflammatory 

biomarkers [111, 113], HOMA-IR [112] and HbA1c, HDL-cholesterol, C-reactive protein 

(CRP), and adiponectin [110], the explained variation in biomarkers of these studies is 

comparable to findings of this study. 

Two studies investigated the generalizability of the associations between RRR-derived 

dietary patterns and type 2 diabetes among independent European [114] and US 

populations [115]. While the EPIC-InterAct study found a good generalizability for the 

three RRR dietary pattern scores based on the American NHS, the German EPIC-

Potsdam Study and the British WHS [114], the American Framingham Offspring Study 

reported a good generalizability for the American NHS derived dietary pattern, but not for 

the European derived dietary patterns (EPIC-Potsdam Study and WHS) [115]. Thus, the 

generalizability of dietary patterns associated with diabetes risk may be better in 

populations with comparable dietary intakes. Indeed, the transferability of previous RRR 

dietary patterns established in European and US populations to an urban Ghanaian 

population is complicated by the differences in the diet per se. However, all previous 

prospective studies found strong associations between dietary patterns obtained by RRR 

and type 2 diabetes [110-113]. The strong relationships observed with the RRR method 

can partly be attributed to the use of disease-related biomarkers. In the Whitehall II Study, 

a diet high in low calories/soft drinks, onions, sugar-sweetened beverages, burgers and 

sausages, crisps and other snacks and white bread and low in medium-/high-fiber 

breakfast cereals, jam, French dressing/vinaigrette and whole meal bread was associated 

with a two-to threefold increase in diabetes risk by using HOMA-IR as the response 
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variable [112]. The Insulin Resistance Atherosclerosis Study found a threefold to more 

than fourfold increased odds of diabetes associated with a dietary pattern high in red 

meat, low-fiber bread and cereal, dried beans, fried potatoes, tomato vegetables, eggs, 

cheese, and cottage cheese and low wine by using the inflammatory markers 

plasminogen activator inhibitor-1 and fibrinogen as the response variable [111]. In the 

Nurses’ Health Study, Schulze et al. observed a pattern high in sugar-sweetened soft 

drinks, refined grains, diet soft drinks and processed meat but low in wine, coffee, 

cruciferous vegetables, and yellow vegetable; this was related to a two- to threefold 

increase in diabetes risk by using inflammatory markers as the response variables [113]. 

Heidemann et al. found a dietary pattern among Caucasians which was positively 

associated with HDL-cholesterol and adiponectin and inversely with HbA1c and CRP in 

the EPIC-Potsdam Study. This pattern was characterized by a high intake of fresh fruits 

and low intake of high-caloric soft drinks, beer, red meat, poultry, processed meat, 

legumes and bread (except wholegrain bread) and was inversely associated with type 2 

diabetes risk [110].  

The inverse association of red meat with the pattern score that was positively associated 

with type 2 diabetes in this Ghanaian study population is an important difference to dietary 

patterns derived among Western populations. Although not all previous meta-analyses 

found a positive association between red meat intake and type 2 diabetes [200], there is a 

large amount of epidemiological evidence for this positive association among Western 

populations [201, 202]. Possibly, the different types and preparation methods of red meat 

in urban Ghana compared to those among Western populations partially explain the 

inverse association with type 2 diabetes in our study. With regard to plantain – a major 

staple food in Ghana – we observed the highest contribution to the dietary pattern score 

and a positive association with type 2 diabetes. Plantain features a high glycemic index, 

and the content of simple sugars increases continuously during the ripening process 

[203]. Evidence from large epidemiological studies showed, that the glycemic index and 

the glycemic load are associated with a higher risk of type 2 diabetes [204]. Furthermore, 

frequent intake of carbohydrates has been related to an increase of fasting triglyceride 

concentrations and a reduction of HDL-cholesterol [205-207]. As for cassava, it seemed 

contra-intuitive that its intake was positively associated with the pattern score, but 

inversely with type 2 diabetes. However, an inverse association between cassava flour 

and incident diabetes was also observed in a Brazilian study [208]. In this Ghanaian study 

population, plantain and cassava were frequently consumed and the preparation methods 

were diverse including cooking, frying and pounding. Lacking a plausible biological 

explanation, novel methods for the preparation of the traditional foods may explain the 

different associations of plantain and cassava with type 2 diabetes.  
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4.2 Discussion of methods 

4.2.1 Study design and study population 

For the present work an unmatched hospital-based case-control study was used to 

evaluate the anthropometric measures and the nutritional behavior and their associations 

with type 2 diabetes in an urban Ghanaian population. This study design is well suited for 

rare diseases or as a preliminary study where little is known about the association 

between the risk factor and the disease of interest. Case-control studies are comparatively 

quick, relatively inexpensive and easy to implement. In case-control studies, exposures 

and outcome are determined simultaneously and, thus, provide no information about the 

chronology of the exposure and the disease. Therefore, the present study cannot 

investigate the temporal relationship of the associations between anthropometric 

measures and dietary patterns with type 2 diabetes. The presence of reverse causation 

cannot be excluded in the present work. Still, in the context of scarce epidemiological data 

from SSA, this case-control study is useful to establish hypotheses on the associations 

between anthropometric measures and dietary patterns with type 2 diabetes in SSA.  

 

Case-control studies are prone to bias and confounding. To minimize such bias, care 

must be taken in the selection of cases and controls. All people in the source population 

who develop the disease of interest are presumed to be included as cases in a case-

control study [209]. In addition, controls should be selected from the same source 

population, from which the cases were drawn and the selection should be independently 

of their exposure status [209]. In the KDH study cases were recruited from the diabetes 

center and the hypertension clinic at the KATH. The preliminary controls were selected 

from the outpatient department, hospital staff and friends, neighbors and community 

members. Clearly, the hospital-based selection of controls helped to make the comparison 

groups more similar in terms of potential confounders, which are difficult to measure, such 

as socioeconomic background. However, it is possible that the hospital-based selection of 

controls has led to a comparison population supposedly heterogeneous and not fully 

representative of the source population from which the cases were drawn from. While this 

could have masked an association between BMI and type 2 diabetes in this study, it 

seems implausible that it might also explain the higher risk observed with higher WHR. 

Thus, selection bias seems an unlikely explanation for the stronger effect of WHR 

compared to BMI observed in this study. With respect to the findings of the nutritional 

behavior, the selection of hospital staff may lead to a control group that is younger, and 

possess a higher socio-economic position through better education and financial 

capability leading to food choices from the “purchase” pattern compared to the rest of the 
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controls. This selection bias would rather overestimate the associations between the 

“purchase” and also the “traditional” dietary pattern with type 2 diabetes in this population.  

 

4.2.2 Data quality 

The retrospective determination of exposures by self-report or interview bears the risk of 

interviewer or recall bias. Interviewer bias arises when the interviewer consciously or 

unconsciously acquires inaccurate information from study subjects [210]. However, 

standardized interviews by trained nurses of the same cultural background and language 

are expected to keep such information bias to a minimum. Recall bias occur when cases 

and controls recall exposures differently. After the diagnosis, cases may spend more time 

thinking about reasons for their disease and may be more likely to remember exposures 

more readily than controls. Recall bias is not problematic for the anthropometric 

measures, because they were objectively measured, but it could have biased the 

associations between the dietary patterns and type 2 diabetes. 

 

Exposure assessments  

Anthropometric measures such as BMI and WC are easy and relatively inexpensive to 

measure, are associated with different health outcomes and are therefore useful in the 

clinical assessment of disease status [211]. BMI and WC differ in body composition: While 

BMI reflects lean and total fat mass but not fat distribution (general obesity), WC 

represents total and abdominal fat (central obesity) and both are highly correlated with 

each other [212]. Ratios such as WHR and WHtR that represent also central obesity are 

not so strongly correlated with BMI and are therefore alternatives to WC. Nevertheless, 

ratios are more prone to measurement error because they require two measurements. 

Still, all anthropometric measurements were carried out under standardized procedures by 

trained hospital stuff in this study, which is expected to reduce the impact of measurement 

error.  

With respect to the assessment of the nutritional behavior, a culturally sensitive 24HDR 

and a FFQ were applied. 24HDR are useful to describe the short-term and current diet 

and can be applied easily and quickly [213]. A single 24HDR is useful to describe the 

average dietary intake in a population; however multiple recalls are needed to describe 

the usual dietary intake [214]. The general limitation of 24HDR, i.e. forgotten foods (recall 

bias) and under - or over-reporting of food items, seem less problematic in SSA than in 

Europe or North America [215]. Furthermore, public knowledge about associations 
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between specific food items and type 2 diabetes may not be pronounced in the study 

area. Only since 2012, a national policy for the prevention and control of chronic non-

communicable diseases exists in Ghana, including health promotions for a healthy diet 

[216]. Thus, at the time of study conduct, nutritional counseling was not part of the routine 

diabetes management at the hospital and thus, does not apply to this study population. As 

a consequence, awareness of type 2 diabetes is not expected to be accompanied by a 

change in the nutritional behavior and also reporting bias in noting of specific foods seems 

unlikely in this population. Specifically, under-reporting might have occurred in participants 

with diabetes and/or overweight, who may have tended to give socially desirable answers, 

leading to biased dietary data and biased associations with type 2 diabetes. Nevertheless, 

in the SSA region, obesity is however perceived as a marker of affluence [1] and is linked 

to health and beauty in Ghanaian women [38]. Furthermore, the determinants of food 

choice are less influenced by social desirability than more by convenience, availability and 

price [217]. Thus, under-reporting may not occur in this study population.  

24HDR perform well in regions with high rates of illiteracy and of low SES, particularly 

when applied by interviewers of the same cultural background speaking the local 

language. Clearly, the inter- and intra-individual variance of a 24HDR limits information on 

the actual, individual diet. However, 24HDR are useful to compare energy and nutrient 

intakes between population groups [218], specifically when applying local household 

measures and food composition tables. In contrast to 24HDR, FFQ depict the long-term 

usual diet and are useful to rank participants in accordance to their dietary intake [214]. 

FFQs are commonly used in epidemiological studies, because they are easy, quick and 

cost-efficient [214]. As with all retrospective assessment methods, FFQ bears the risk of 

recall bias and under/overestimation of portion sizes; their quantitative precision may be 

limited. The application of a locally specific FFQ by trained nurses of the same cultural 

background and language helped to keep these information biases to a minimum. 

Nevertheless, they are substantially cheaper than 24HDR [218] and feasible to measure 

nutrition exposition in case control or cross-sectional studies. If the food list is culturally 

sensitive as in the present study, FFQ exhibit excellent properties to assess nutritional 

behavior in this study setting. However, the FFQ of the KDH study has yet to be validated.  

 

The assessment of SES in a resource-limited country, such as Ghana, is difficult due the 

lack of standardized economic data of income and tax. The use of education, occupation 

and literacy as proxy markers for SES is also common among other studies from SSA [4, 

36, 219-221]. However, the use of single indicators bears the risk of residual confounding. 

To minimize such confounding, the SES sum score were developed in the KDH study in 
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2013 [140] to improve the description of SES in this Ghanaian population. A systematic 

review and meta-analysis reported that a low socio-economic position (measured by 

educational level, occupation and income) was associated with an increased risk of type 2 

diabetes in high-, middle- and low-income countries [222]. While the associations were 

consistent in high-income countries, available data from middle- and low-income countries 

are limited. Thus, education, occupation, literacy and the SES sum score were used as 

important confounder in logistic regression analyses in this thesis. 

In the present study population of low SES, the obesity measures and dietary patterns 

were strongly associated with proxy markers of SES (education, literacy and 

unemployment). Surprisingly, the strength of associations only slightly attenuated after 

adjusting for these factors. Also, adjustment of the SES sum score instead of the proxy 

markers did not change the strong associations. Thus, there is the possibility that SES is 

imperfectly measured in the present study, and that residual confounding by SES may 

partly explain the observed associations. 

 

With respect to the reliability of the biomarkers, blood samples were collected from all 

study participants after 10 hours of fasting and biomarker measurements were done under 

standardized procedures. It is possible, that the long-term storage and blood processing 

may have affected biomarker concentrations. With respect to the case-control design, it is 

possible that the concentrations of selected biomarkers (triglycerides, HDL-cholesterol 

and adiponectin) chosen as response variables in the RRR might have changed during 

the course of diabetes. Although the investigation of this issue is not possible among the 

diabetes cases, we assessed whether the positive associations of the dietary pattern 

score with FPG concentrations and HOMA-IR remained in the apparently healthy control 

group. Indeed, FPG concentrations increased across quintiles with the exception of the 

highest quintile, while this association was less clear for HOMA-IR.  

 

Outcome assessment 

The definition of type 2 diabetes was based on one fasting glucose measurement ≥ 126 

mg/dl and documented anti-diabetic medication according to the WHO classification [135]. 

Compared to the use of an oral-glucose-tolerance test or HbA1C, this definition is sub-

optimal and might have overestimated type 2 diabetes cases. However, of the 542 cases, 

97% have already been known to the hospital for years (mean time since diagnosis, 6.5 ± 

5.8 years) and had a well-documented medical history. The majority were on metformin-

based medication or on combination therapy with sulphonylureas. Only 3.7% of cases 

were on insulin monotherapy [130]. Furthermore, the combination of a single 

measurement with medication as definition criteria follows the general practice in a 
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resource-poor setting like Ghana. The practicability and interpretation of using HbA1c for 

the diagnosis of type 2 diabetes in SSA is questionable, because of high costs and high 

prevalence of hemoglobinopathies [12]. 

4.2.3 Statistical methods 

ROC-curve analysis 

ROC-curve analysis is often used to assess the discriminatory ability of diagnostic or 

screening markers. It is a graphical plot of sensitivity vs. false-positive rate (1-specificity) 

for all possible cut-off values. The ROC-AUC is an objective measure to quantify the 

accuracy of a diagnostic test and has the advantage that is independent of specific cut-off 

values and the prevalence of disease [223]. This analysis allows the comparison between 

different diagnostic tests. ROC curve analysis is also useful to evaluate the optimal cut-off 

point to be used in clinical practice. The determination of the optimal cut-off depends on 

the intended use of this cut-off: For clinical practice (e.g. diabetes prevention program) a 

high sensitivity would be necessary to identify all diseased persons, whereas criteria for a 

potential harmful treatment to prevent diabetes may need a high specificity. However, in 

this study, the optimal cut-offs for obesity measures were identified by the use of the 

Youden index that maximize sensitivity and specificity [160]. In this approach, equal 

weight is given to sensitivity and specificity. 

Dietary pattern analyses  

In this thesis, an exploratory factor analysis and the RRR approach were applied to 

identify dietary patterns in an urban Ghanaian population. In contrast to dietary indexes 

(“a priori”) that were originally created and tested among Caucasian populations [91, 92] 

and thus are not applicable for this Ghanaian population, “a posteriori” methods identify 

combinations of foods and drinks as they are consumed in reality in a specific population 

[224]. 

The factor analysis is a useful method to describe dietary patterns in a study population 

independent of their relevance to health outcomes. It identifies dietary patterns relying on 

the combined consumption of foods and drinks only and aggregates food items or food 

groups based on the degree of their inter-correlations [88]. The factor analysis contains 

several arbitrary but important choices: First, the investigator has to decide about 

collapsing food items into food groups for entering into the analysis. It is possible that the 

choices of food grouping may affect the patterns derived. In the present thesis, different 

food groups were created for fruits and vegetables in sensitivity analysis (Table S8-9, 

appendix), however the identified dietary patterns did not change markedly. It is also 
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clear, that a smaller number of input variables explain a higher amount of variance in 

dietary intake compared with a larger number of input variables [94]. The next subjective 

decision is the number of factors to be retained [225]. This decision should be based on 

different criteria such as scree plot, eigenvalues and the interpretability of the patterns. 

The use of cut points for eigenvalues and factor loadings, the method of rotation, and 

even the labelling of the derived dietary patterns are additional important decisions. In the 

present study the optimal number of retained dietary patterns was based on the criteria of 

an eigenvalue ≥ 1, the scree plot and plausibility of the patterns; food items with factor 

loadings of ≥ 0.35 were defined as the major contributors of the patterns. However, these 

criteria are usually used in dietary pattern analysis [94]. In sensitivity analyses further 

dietary pattern solutions (3–5 factors) were examined (Table S5-7, appendix), but did not 

reveal meaningful dietary patterns. Exploratory dietary patterns account commonly only 

for a small or moderate proportion of total variance in the diet, suggesting the existence of 

other dietary patterns that could be more important in the prediction of a specific disease 

[93]. Nevertheless, the two dietary patterns identified by exploratory factor analysis were 

strongly associated with type 2 diabetes in this study population. In addition, the two 

dietary patterns included food items that were also in the RRR-derived dietary pattern, 

which is more predictive of a disease because of the use of diabetes related biomarkers. 

Finally, Hu et al. reported that dietary patterns derived by factor analysis were valid and 

reproducible over time and across different dietary assessment methods in the Health 

Professionals Follow-up Study [226].  

 

In contrast to factor analysis, RRR is a useful tool to derive health-related dietary patterns. 

The main advantage of the RRR method is that it combines the strengths of the 

exploratory and the hypothesis-oriented approach. It uses the dietary information of the 

study population and the response variables (biomarkers) selected based on prior 

scientific knowledge about the associations with the disease of interest and thus is not 

purely data-driven such as factor analysis. The RRR is similar to factor analysis in its 

mathematical foundation and technique to derive factors. The calculation of pattern scores 

in both methods are based on the determination of eigenvalues and corresponding 

eigenvectors of the covariance matrix of predictors (factor analysis) and responses (RRR) 

[227]. However, the aims of both methods are different: While factor analysis aims to 

identify linear combinations of predictors (food items) by maximizing the explained 

variation in all predictor variables, RRR identifies linear functions of predictors (food items) 

that explain a maximum of variation in the disease-related response variables 

(biomarkers) [95].  
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The RRR is useful to identify biological pathways by which dietary intake may affect the 

diabetes risk. Another advantage is that the use of response variables can support the 

interpretation of the observed association between dietary patterns and the disease [90]. 

This method has also disadvantages: It is limited to existing studies with biomarkers or 

intermediate variables and requires prior knowledge of the diet-disease association [93]. 

RRR focuses on response variables associated with a specific pathway from diet to 

disease, therefore, other potential important pathways are not taken into consideration.  

The selected biomarkers in RRR of this study are similar to those in studies among 

Caucasian populations [110]. However, the selection of biomarkers was limited to 

adiponectin, HDL-cholesterol and triglycerides, because they are all affected by the diet 

[146, 147, 151, 152] and linked to the pathophysiology of type 2 diabetes [150, 155, 156]. 

Inflammatory markers, such as CRP, were not considered as response variables in this 

analysis due to the high prevalence of infectious diseases, complicating the interpretation 

of CRP as a risk factor for diabetes. Indeed, 13% of this Ghanaian study population had a 

Plasmodium falciparum infection [129]. HOMA-IR was also disregarded as a response 

variable because of its metabolic proximity to type 2 diabetes. HOMA-IR is useful to 

determine pre-diabetic stages, but is not on the causal pathway for type 2 diabetes. 

Finally, the reproducibility of the associations between RRR-derived dietary patterns and 

type 2 diabetes needed to be confirmed in other populations. However, the application of 

different dietary questionnaires, different food grouping and especially different dietary 

habits among populations could make this investigation difficult [115]. 
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4.3 Public health relevance 

The increasing burden of type 2 diabetes poses a major public health challenge in SSA, 

where scarce financial resources causes a major barrier to adequate diabetes care 

delivery and management of type 2 diabetes [3]. There is an urgent need to limit and 

reduce the increasing diabetes prevalence in SSA and thus to prevent potentially harmful 

and costly complications. Therefore, epidemiological surveillance and the development of 

effective and sustainable primary and secondary prevention are necessary to tackle 

SSA’s chronic disease epidemic [228]. Primary prevention of diabetes by lifestyle 

interventions including weight loss, diet and exercise offer excellent opportunities to 

reduce the burden of type 2 diabetes [229]. Secondary prevention is important to prevent 

severe diabetes complications through the optimization of glycemic control and treatment 

of coexisting risk factors and thus improve quality of life [230].  

The high prevalence of overweight and obesity in this study indicates the need for 

appropriate interventions for its prevention and treatment. This thesis highlights 

particularly the potential importance of central obesity for the diabetes prevention in SSA. 

With respect to public health interventions, women and men may equally benefit from the 

prevention and reduction of central obesity in this region. In SSA, obesity is perceived 

positively, as a sign of affluence, good health and beauty [1, 38]. Therefore, the 

awareness of obesity as an important risk factor for type 2 diabetes must be enhanced in 

the public to avert the ongoing burden of type 2 diabetes in SSA. Furthermore, in 

resource-limited countries, such as Ghana, the use of WHR and WC as simple measures 

of obesity is an economical method to identify individuals with an increased risk for 

diabetes.  

Another promising way to reduce the diabetes burden in SSA is to modify the nutritional 

behavior. Therefore, identification of dietary patterns in SSA could be important for public 

health implications, because dietary patterns are easy to understand for the public and 

translate into practice [88]. Health promotion activities in Ghana should increase the 

awareness about a healthy diet and dietary recommendations should include more 

consumption of fruits and vegetables and less consumption of starchy, energy dense and 

fatty foods. Furthermore, in this thesis a dietary pattern was identified by applying the 

RRR approach that was associated with a diabetogenic risk marker profile and thus gives 

information about the pathophysiological pathway. Triglycerides were the main drivers of 

the association between the RRR-derived dietary pattern and type 2 diabetes. Although 

widespread diabetes screening in the general population cannot be encouraged in SSA, 

targeted screening to identify individuals with high-risk characteristics through the 
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assessment of central obesity measures and blood lipid concentrations should be 

undertaken in Ghana. The reduction of central obesity and triglyceride concentrations may 

help to prevent the development of type 2 diabetes and diabetes related complications. 

 

Furthermore, a nationwide effective and sustainable diabetic education program should be 

developed and implemented at hospital and community settings in Ghana to increase the 

knowledge about diabetes. This program should include a simple and easy-to-understand 

approach to reach also persons with lower educational level. At the moment, the existing 

national diabetes program in Ghana is currently in the process of enhancing by the 

National Diabetes Management and Research Centre of Ghana’s Ministry of Health 

through a partnership with the World Diabetes Foundation (project funded from 2009-

2015) [231]. The aim of this project is to improve the prevention and care for diabetes and 

related NCD throughout Ghana by establishing an NCD program including training of 

health professionals and health promotion activities [231]. A well-structured training of 

health personnel in diabetes management, prevention and control could enhance the 

knowledge about the disease in diabetes patients and thus may reduce severe diabetes 

complications. Additionally, health promotion activities should be implemented in schools, 

churches, mosques and other community gathering places to increase the awareness of 

diabetes, its risk factors and the prevention of diabetes among the general population. 

Furthermore, circulation of information about type 2 diabetes in Ghana could be 

emphasized by using mass media via radio, television and newspapers.  

Finally, the application of findings of this thesis could make a major, rapid, and cost-

effective contribution to the prevention and control of the diabetes epidemic in SSA. 
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5 CONCLUSION AND FURTHER PERSPECTIVES 
 

Overall, the present thesis adds knowledge about two important modifiable risk factors for 

type 2 diabetes in SSA - obesity and the nutritional behavior.  

The following conclusions can be drawn from the observed results among this Ghanaian 

population: 

• Findings of this work indicate that central obesity (with WHR as strongest 

predictor), rather than general obesity measures are associated with an increased 

risk for type 2 diabetes among women and men. Thus, body fat distribution seems 

to play an important role in the diabetes development in SSA. 

• The current recommended cut-off points for obesity measures are inappropriate to 

assess diabetes risk in this population. Country- or region-specific cut-off points for 

anthropometric measures could be useful to identify individuals with type 2 

diabetes in SSA populations. 

• Dietary patterns are associated with type 2 diabetes in SSA. The “purchase” 

dietary pattern, characterized by a high consumption of sweets, red meat, fruits 

and vegetables and low consumption of plantain is related to a decreased risk for 

type 2 diabetes. The “traditional” dietary pattern, characterized by a high intake of 

plantain, green leafy vegetables, fish, fermented maize products, and palm oil is 

associated with an increased risk for type 2 diabetes. 

• Adherence to traditional food items and low preference for purchased foods relate 

to increased serum triglycerides and decreased HDL-cholesterol, both risk factors 

for type 2 diabetes, and as a consequence may increase the risk for type 2 

diabetes 

 

Given the limited studies from SSA, the present thesis evaluated for the first time the 

potential importance of obesity and dietary patterns for the development of type 2 

diabetes in a SSA population. This study established hypotheses on the relationship 

between various anthropometric measures and type 2 diabetes in an urban Ghanaian 

population. Nevertheless, prospective studies are needed to provide stronger evidence for 

the associations between obesity measures, fat distribution and type 2 diabetes risk 

among people from SSA. Furthermore, it remains to be examined whether preventive 

strategies against type 2 diabetes should take into account WHR in addition to the 

conventional measure of BMI. The results of this study also support the urgent need to 

evaluate country or region-specific cut-off points for anthropometric measures to identify 
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individuals with type 2 diabetes in prospective studies in SSA. These studies could be 

important, because if the evidence for ethnic differences in cut-off points for BMI, WC and 

WHR as risk predictors is growing, ethnic-specific cut-off points should be recommended 

by the public health guidelines to identify individuals with an increased risk for type 2 

diabetes or other health outcomes. 

 

In addition, this thesis showed the great potential of dietary pattern analysis in an SSA 

population. However, the relationship between dietary patterns and type 2 diabetes are 

still unclear in SSA and clearly require further verification in other regions of West Africa. 

In addition, the determinants of adherence to dietary patterns in SSA should be examined. 

Especially, the detrimental association between the traditional dietary pattern and type 2 

diabetes warrant further investigations. Given the limited data from SSA, a case-control 

design is useful to establish hypotheses on the relationship between dietary patterns and 

type 2 diabetes. However, these hypotheses require verification in prospective studies 

from SSA building a clear temporal relationship between dietary patterns and type 2 

diabetes. Finally, the reproducibility of the association between the RRR-derived dietary 

pattern and type 2 diabetes should be evaluated in independent populations. 
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Figure S1: Food frequency questionnaire used in the KDH study 
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Figure S1 continued  
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Figure S1 continued  
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Figure S1 continued  
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Figure S2: Example of the assessment of one 24 hour dietary recall used in the KDH study 
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Table S1: Input variables of the FFQ for factor analysis and reduced rank regression 

Original food group Original food item  input variable for factor 
analysis 

predictor variable for 
RRR 

Scientific rationale 

Starchy roots and 
tubers 

Cassava Cassava  Cassava   

 Plantain  Plantain  Plantain   
 Cocoyam Cocoyam  Cocoyam   
 Yam Yam  Yam   
 Sweet potato - Sweet potato Excluded, because 86% of the participants never 

consumed this item 
Cereal and cereal 
products 

Maize (Banku) Maize (Banku) Maize (Banku)  

 Millet Millet Millet  
 Oats (porridge) Oats (porridge) Oats (porridge) 
 Rice  Rice  Rice   
 Bread  Bread  Bread  

 
 

Animal products Fish  Fish  Fish   
 Red meat Red meat Red meat  
 Poultry  Poultry  Poultry   
 Eggs  Eggs  Eggs   
 Milk  Milk  Milk   
 Crab  Crab  Crab  

 
 

Legumes, nuts and 
beans 

Beans  Beans  Beans   

 Groundnut  Groundnut  Groundnut   
 Agushie (pumpkin seeds) Agushie (pumpkin seeds) Agushie (pumpkin seeds) 
Fruits  Orange     
 Mango     
 Papaya     
 Pineapple  Fruits  Fruits  Single fruit items were combined into one food group 

“Fruits” to avoid overrepresentation of fruit intake  
 Banana     
 Pae (avocado) 
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Table S1 continued 

Original food group Original food item  input variable for 
factor analysis 

predictor variable 
for RRR 

Scientific rationale 

Vegetables  Tomatoes  - - Excluded, because 100% of the participants daily consumed this item and 
thus did not contribute to variation in the usual diet 

 Sweet pepper  - - Excluded, because 100% of the participants daily consumed this item and 
thus did not contribute to variation in the usual diet 

 Garden egg Garden egg Garden egg  
 Okra  Okra  Okra   
 Green leafy 

vegetables 
Green leafy 
vegetables 

Green leafy vegetables 

 Carrot  Carrot  Carrot   
 Cucumber  Cucumber  Cucumber   
 Lettuce  Lettuce  Lettuce  

 
 

Fats and oils Palm oil Palm oil Palm oil  
 Vegetable oil Vegetable oil Vegetable oil  
 Margarine  Margarine  Margarine  

 
 

Salt and spices Salt  - - Excluded, because these items did not contribute to energy and 
macronutrient intake 

 Salt with iodine - -  
 Red pepper (dried) - -  
Sweets  Chocolate     
 Ice cream Sweets Sweets Single sweets were combined into one food group “Sweets”, because 89% 

of the participants consumed these items less than once a week 
 Toffee     
Liquids  Water  - - Excluded, because 100% of the participants daily consumed this item; this 

item did not contribute to energy and macronutrient intake 
 Juice  Juice Juice   
 Soft drinks Soft drinks Soft drinks  
 Coffee  Coffee Coffee   
 Milo (Hot chocolate) Milo (Hot chocolate) Milo (Hot chocolate) 

 
 

 Beer  -   
 Wine  - Alcoholic drinks Beer, wine and spirits were combined into one food group “Alcoholic 

drinks”, because >90% of the participants never consumed these items 
  Spirits  -     
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Figure S3: Scree plot of eigenvalues ≥ 1.0 among women and men of the KDH study 

 

 

 

Figure S4: Scree plot of eigenvalues ≥ 1.0 among controls and total study population 
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Table S2: Rotated factor-loadings1 for the two identified dietary patterns among women and 
men 

Food item Factor 1   Factor 2 

  Women Men   Women Men 

Juice 0.64 0.58 
 

-0.06 -0.24 

Sweets 0.62 0.64 
 

-0.07 -0.15 

Rice 0.60 0.53 
 

0.05 0.09 

Soft drinks 0.57 0.61 
 

-0.03 -0.09 

Vegetable oil 0.60 0.55 
 

-0.03 -0.07 

Milo (chocolate drink) 0.54 0.55 
 

0 -0.13 

Red meat 0.48 0.55 
 

0.05 -0.03 

Chicken eggs 0.46 0.51 
 

0 -0.11 

Margarine 0.42 0.55 
 

0.11 0.03 

Fruits 0.42 0.52 
 

0.39 0.38 

Carrot 0.37 0.53 
 

0.33 0.34 

Lettuce 0.34 0.55 
 

0.37 0.19 

Cow milk 0.38 0.46 
 

0.09 0.02 

Poultry 0.39 0.38 
 

0.23 0.16 

Cucumber 0.31 0.47 
 

0.32 0.29 

Plantain -0.54 -0.26 
 

0.36 0.52 

Green leaves -0.08 0.07 
 

0.50 0.57 

Beans 0.07 0.24 
 

0.52 0.48 

Gardenegg (egg plant) -0.21 -0.10 
 

0.49 0.43 

Smoked fish -0.22 -0.18 
 

0.44 0.46 
Banku (fermented, boiled maize 
product) 0.08 0.13 

 
0.42 0.44 

Palm oil 0.05 0.3 
 

0.39 0.42 

Okro 0.17 0.21 
 

0.40 0.18 

Agushie (pumpkin seeds) 0.21 0.16 
 

0.36 0.47 

Crab -0.01 0.08 
 

0.28 0.43 

Bread 0.15 0.29 
 

0.34 0.09 

Cassava (maniok) -0.28 -0.04 
 

0.23 0.29 

Millet -0.08 0 
 

0.34 0.06 

Yam 0.04 0.06 
 

0.18 0.30 

Cocoyam -0.04 0.01 
 

0.20 0.22 

Groundnut 0.27 0.38 
 

0.28 0.20 

Porridge (from fermented maize) 0.28 0.29 
 

0.18 0.18 

Coffee 0.20 0.33   0 -0.02 
1 Factor loadings correspond to correlation coefficients between food intake and the dietary pattern score; 
factor loadings ≥ 0.35 are marked in bold 
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Table S3: Rotated factor-loadings1 for the two identified dietary patterns among the total 
study population and controls 

Food item Factor 1   Factor 2 

  
Total study 
population Controls   

Total study 
population Controls 

Juice 0.62 0.59 
 

-0.14 -0.15 

Sweets 0.62 0.60 
 

-0.12 -0.14 

Rice 0.58 0.54 
 

0.04 0.01 

Soft drinks 0.58 0.51 
 

-0.06 0.03 

Vegetable oil 0.58 0.49 
 

-0.08 -0.16 

Milo (chocolate drink) 0.54 0.50 
 

-0.06 0 

Red meat 0.50 0.47 
 

0.02 -0.08 

Chicken eggs 0.48 0.47 
 

-0.03 -0.07 

Margarine 0.46 0.50 
 

0.09 0.11 

Fruits 0.46 0.49 
 

0.38 0.37 

Carrot 0.43 0.50 
 

0.30 0.12 

Lettuce 0.42 0.51 
 

0.32 0.11 

Cow milk 0.40 0.47 
 

0.06 -0.08 

Poultry 0.40 0.40 
 

0.19 0.05 

Cucumber 0.37 0.45 
 

0.28 0.07 

Plantain -0.45 -0.32 
 

0.43 0.52 

Green leaves -0.02 0.23 
 

0.54 0.46 

Beans 0.14 0.22 
 

0.51 0.41 

Gardenegg (egg plant) -0.16 -0.01 
 

0.49 0.47 

Smoked fish -0.19 -0.13 
 

0.46 0.51 
Banku (fermented, boiled maize 
product) 0.11 0.13 

 
0.43 0.44 

Palm oil 0.06 0.17 
 

0.41 0.51 

Okro 0.20 0.25 
 

0.35 0.31 

Agushie (pumpkin seeds) 0.20 0.25 
 

0.33 0.23 

Crab 0.02 0.03 
 

0.32 0.34 

Bread 0.20 0.29 
 

0.29 0.21 

Cassava (maniok) -0.20 -0.23 
 

0.28 0.52 

Millet -0.04 -0.05 
 

0.27 0.27 

Yam 0.06 0.06 
 

0.21 0.20 

Cocoyam -0.02 -0.12 
 

0.20 0.36 

Groundnut 0.30 0.33 
 

0.25 0.21 

Porridge (from fermented maize) 0.29 0.30 
 

0.15 0.09 

Coffee 0.24 0.23   0.02 0.08 
1 Factor loadings correspond to correlation coefficients between food intake and the dietary pattern score; 
factor loadings ≥ 0.35 are marked in bold 
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Table S4: Rotated factor-loadings1 for the two identified dietary patterns among the total 
study population 

Food item  
"Purchase" dietary 

pattern 
"Traditional” 

dietary pattern 

Juice 0.62 -0.14 

Sweets 0.62 -0.12 

Rice 0.58 0.04 

Soft drinks 0.58 -0.06 

Vegetable oil 0.58 -0.08 

Milo (chocolate drink) 0.54 -0.06 

Red meat 0.50 0.02 

Chicken eggs 0.48 -0.03 

Margarine 0.46 0.09 

Fruits 0.46 0.38 

Carrot 0.43 0.30 

Lettuce 0.42 0.32 

Cow milk 0.40 0.06 

Poultry 0.40 0.19 

Cucumber 0.37 0.28 

Plantain -0.45 0.43 

Green leaves -0.02 0.54 

Beans 0.14 0.51 

Gardenegg (egg plant) -0.16 0.49 

Smoked fish -0.19 0.46 

Banku (fermented, boiled maize product) 0.11 0.43 

Palm oil 0.06 0.41 

Okro 0.20 0.35 

Agushie (pumpkin seeds) 0.20 0.33 

Crab 0.02 0.32 

Bread 0.20 0.29 

Cassava (maniok) -0.20 0.28 

Millet -0.04 0.27 

Yam 0.06 0.21 

Cocoyam -0.02 0.20 

Groundnut 0.30 0.25 

Porridge (from fermented maize) 0.29 0.15 

Coffee 0.24 0.02 
1 Factor loadings correspond to correlation coefficients between food intake and the dietary pattern score;  
factor loadings ≥ 0.35 are marked in bold 
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Table S5: Rotated Factor loadings1 of a three-factor solution among the total study 
population 

  Factor 1  Factor 2  Factor 3  

Soft drinks 0.64 0 0.06 

Juice 0.63 0.11 -0.09 

Sweets 0.61 0.14 -0.10 

Vegetable oil 0.59 0.10 -0.03 

Rice 0.58 0.15 0.08 

Red meat 0.54 0.03 0.11 

Milo (chocolate drink) 0.53 0.13 -0.04 

Chicken eggs 0.50 0.06 0.03 

Margarine 0.46 0.12 0.13 

Fruits 0.39 0.31 0.34 

Groundnut 0.32 0.07 0.32 

Coffee 0.26 0.01 0.06 

Plantain -0.51 0.07 0.37 

Cucumber 0.04 0.79 -0.09 

Carrot 0.11 0.77 -0.06 

Lettuce 0.14 0.71 0 

Cow milk 0.27 0.37 -0.08 

Porridge (from fermented maize) 0.16 0.35 0.01 

Poultry 0.29 0.34 0.09 

Agushie (pumpkin seeds) 0.08 0.33 0.22 

Bread 0.11 0.27 0.21 

Crab -0.08 0.26 0.22 

Millet -0.12 0.19 0.18 

Banku (fermented, boiled maize product) 0.14 0.02 0.52 

Palm oil 0.11 -0.03 0.51 

Gardenegg (egg plant) -0.16 0.04 0.51 

Beans 0.07 0.24 0.47 

Smoked fish -0.21 0.06 0.45 

Green leaves -0.12 0.28 0.45 

Cassava (maniok) -0.10 -0.23 0.43 

Okra 0.23 0.03 0.43 

Cocoyam 0.06 -0.13 0.32 

Yam 0.05 0.05 0.23 
1 Factor loadings correspond to correlation coefficients between food intake and the dietary pattern score; 
 factor loadings ≥ 0.35 are marked in bold 
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Table S6: Rotated Factor loadings1 of a four-factor solution among the total study 
population 

  Factor 1  Factor 2  Factor 3  Factor 4  

Soft drinks 0.68 0 0.03 0.02 

Juice 0.67 0.12 -0.07 -0.09 

Sweets 0.67 0.15 -0.05 -0.13 

Milo (chocolate drink) 0.58 0.13 -0.01 -0.07 

Red meat 0.51 0.02 -0.03 0.21 

Vegetable oil 0.49 0.08 -0.27 0.3 

Margarine 0.49 0.12 0.1 0.07 

Chicken eggs 0.48 0.05 -0.08 0.13 

Rice 0.45 0.11 -0.25 0.44 

Fruits 0.39 0.29 0.22 0.29 

Coffee 0.25 0 0 0.09 

Cucumber 0.03 0.79 -0.10 0.03 

Carrot 0.12 0.77 -0.06 0.03 

Lettuce 0.10 0.70 -0.08 0.16 

Cow milk 0.35 0.38 0.05 -0.19 

Porridge (from fermented maize) 0.23 0.37 0.13 -0.14 

Poultry 0.27 0.33 0 0.16 

Agushie (pumpkin seeds) 0.05 0.32 0.10 0.26 

Bread 0.15 0.26 0.21 0.08 

Crab -0.05 0.25 0.23 0.07 

Gardenegg (egg plant) -0.04 0.04 0.62 0.02 

Plantain -0.36 0.08 0.60 -0.17 

Cassava (maniok) 0.03 -0.23 0.57 -0.05 

Smoked fish -0.15 0.05 0.47 0.14 

Green leaves -0.06 0.27 0.46 0.15 

Palm oil 0.11 -0.06 0.36 0.36 

Cocoyam 0.06 -0.15 0.23 0.21 

Yam 0.06 0.04 0.18 0.15 

Beans -0.05 0.19 0.12 0.66 

Groundnut 0.22 0.03 0.02 0.50 

Banku (fermented, boiled maize product) 0.09 -0.02 0.28 0.49 

Millet -0.23 0.16 -0.05 0.40 

Okra 0.22 0.01 0.28 0.33 
1 Factor loadings correspond to correlation coefficients between food intake and the dietary pattern score; 
 factor loadings ≥ 0.35 are marked in bold 
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Table S7: Rotated Factor loadings1 of a five-factor solution among the total study population 

  Factor 1  Factor 2  Factor 3  Factor 4  Factor 5  

Soft drinks 0.70 0.03 0.01 0.05 -0.06 

Juice 0.69 0.14 -0.12 -0.03 -0.03 

Sweets 0.68 0.16 -0.14 -0.02 0.03 

Milo (chocolate drink) 0.55 0.06 -0.06 -0.05 0.22 

Red meat 0.52 0.01 0.20 -0.05 0.04 

Vegetable oil 0.51 0.1 0.27 -0.28 -0.05 

Margarine 0.46 0.04 0.09 0.05 0.23 

Rice 0.46 0.13 0.42 -0.27 -0.02 

Chicken eggs 0.46 0.01 0.13 -0.12 0.14 

Fruits 0.39 0.26 0.30 0.19 0.14 

Coffee 0.22 -0.06 0.11 -0.06 0.19 

Cucumber 0.07 0.84 0 -0.03 0.01 

Carrot 0.15 0.81 0 0 0.06 

Lettuce 0.14 0.74 0.13 -0.04 0.03 

Poultry 0.26 0.28 0.16 -0.04 0.19 

Crab -0.03 0.27 0.08 0.26 0 

Beans -0.05 0.18 0.67 0.06 0.07 

Banku (fermented, boiled maize product) 0.09 -0.04 0.51 0.23 0.05 

Groundnut 0.25 0.08 0.49 0.02 -0.12 

Millet -0.25 0.13 0.41 -0.11 0.11 

Palm oil 0.09 -0.12 0.40 0.29 0.16 

Okra 0.25 0.03 0.33 0.28 -0.05 

Agushie (pumpkin seeds) 0.03 0.26 0.27 0.05 0.21 

Cassava (maniok) 0.08 -0.13 -0.04 0.64 -0.27 

Plantain -0.36 0.07 -0.12 0.62 0.05 

Gardenegg (egg plant) -0.05 -0.01 0.08 0.60 0.15 

Smoked fish -0.14 0.06 0.17 0.47 0.01 

Green leaves -0.08 0.19 0.20 0.41 0.27 

Cocoyam 0.09 -0.10 0.21 0.25 -0.14 

Bread 0.04 0.01 0.16 0.03 0.73 

Cow milk 0.25 0.15 -0.14 -0.09 0.69 

Porridge (from fermented maize) 0.20 0.27 -0.12 0.09 0.34 

Yam 0.03 -0.03 0.18 0.12 0.20 
1 Factor loadings correspond to correlation coefficients between food intake and the dietary pattern score; 
 factor loadings ≥ 0.35 are marked in bold 
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Table S8: Rotated Factor loadings1 of a two-factor solution with single fruit and vegetable 
items among the total study population 

  Factor 1  Factor 2  
Juice 0.63 -0.12 
Sweets 0.62 -0.12 
Soft drinks 0.58 -0.02 
Vegetable oil 0.57 0.03 
Rice 0.56 -0.09 
Milo (chocolate drink) 0.54 -0.05 
Red meat 0.49 0.02 
Banana 0.47 0.23 
Eggs 0.47 -0.04 
Margarine 0.45 0.08 
Carrot 0.43 0.26 
Pineapple 0.42 0.26 
Lettuce 0.41 0.27 
Milk 0.40 0.02 
Poultry 0.39 0.16 
Cucumber 0.36 0.23 
Orange 0.35 0.25 
Groundnut 0.29 0.25 
Porridge (from fermented maize) 0.29 0.14 
Coffee 0.24 0.01 
Plantain -0.45 0.42 
Green leafy vegetable -0.02 0.52 
Beans 0.12 0.48 
Garden egg (egg plant) -0.17 0.46 
Papaya 0.23 0.46 
Avocado 0.20 0.45 
Fish -0.20 0.45 
Banku (fermented, boiled maize product) 0.09 0.44 
Palm oil 0.05 0.41 
Mango 0.29 0.37 
Okra 0.18 0.33 
Crab 0.02 0.32 
Agushie (pumpkin seeds) 0.18 0.31 
Cassava (maniok) -0.21 0.29 
Millet -0.04 0.26 
Bread 0.18 0.24 
Cocoyam -0.03 0.23 
Yam 0.04 0.17 

1 Factor loadings correspond to correlation coefficients between food intake and the dietary pattern score;  
factor loadings ≥ 0.35 are marked in bold 
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Table S9: Rotated Factor loadings1 of a two-factor solution with various fruit and vegetable 
groups among the total study population 

  Factor 1  Factor 2  

Juice 0.65 -0.07 

Sweets 0.64 -0.06 

Soft drinks 0.61 0.01 

Vegetable oil 0.58 -0.02 

Rice 0.57 0.10 

Milo (chocolate drink) 0.56 0 

Red meat 0.51 0.07 

Eggs 0.49 0.01 

Margarine 0.47 0.12 

Milk 0.39 0.07 

Poultry 0.37 0.21 

Carrot 0.33 0.31 

Citrus fruits (orange) 0.31 0.28 

Porridge 0.27 0.17 

Coffee 0.25 0.05 

Plantain -0.49 0.36 
Leafy vegetables (green leafy vegetables and 
lettuce) 0.07 0.54 

Beans 0.07 0.53 

Exotic fruits (mango, papaya, and pineapple) 0.34 0.50 

Banku 0.07 0.46 

Vegetables (garden egg, okra, and cucumber) 0.1 0.45 

Classical fruits (banana, avocado) 0.36 0.44 

Fish -0.23 0.42 

Palm oil 0.05 0.41 

Agushie 0.14 0.36 

Crab -0.04 0.34 

Groundnut 0.27 0.30 

Millet -0.09 -0.29 

Bread 0.18 0.28 

Cassava -0.21 0.26 

Cocoyam -0.03 0.25 

Yam 0.04 0.19 
1 Factor loadings correspond to correlation coefficients between food intake and the dietary pattern score; 
 factor loadings ≥ 0.35 are marked in bold 
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