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Abstract

Background: Previously, a “purchase” pattern (rich in vegetable oil, manufactured foods, red meat and poultry,
fruits, and vegetables) was identified among adults in urban Ghana and was inversely associated with T2D, while a
“traditional” pattern (rich in fish, palm oil, plantain, green-leafy vegetables, beans, garden egg, fermented maize
products,) increased the odds of T2D. To investigate, if specific fatty acids (FAs), partly reflecting the intakes of certain
food groups and cooking methods, might explain the observed diet-disease relationships, serum phospholipid fatty
acid profiles were characterized and their relationships with blood lipids that are common risk factors for T2D were
analyzed.

Methods: The relative proportions of 28 FAs (%) in 653 Ghanaians without T2D were measured by gas chromatography.
In a cross-sectional analysis, the associations of FAs with dietary patterns and with serum lipids that are likely involved in
T2D development were investigated. The FAs distributions across dietary pattern scores were examined. Standardized
beta coefficients (β) were calculated for the associations of dietary pattern scores (per 1 standard deviation (SD) increase)
with FAs. Across the tertiles of selected diet-related FAs, adjusted means of serum triglycerides, cholesterol, HDL-
cholesterol and LDL-cholesterol were calculated.

Results: In this mainly female (76%), middle-aged (mean age: 46.4, SD: 15.3 years) and predominately overweight study
population (mean body mass index: 25.8, SD: 5.4 kg/m2), saturated FAs (SFAs) contributed 52% to total serum FAs, n-6
polyunsaturated FAs (PUFAs) 27%, monounsaturated FAs 12%, n-3 PUFAs 9% and trans FAs (TFAs) <1%. The “purchase”
pattern was related to lower proportions of n-3 PUFAs (β per 1 score SD: −0.25, p < 0.0001), but higher proportions of
linoleic acid (LA) (β per 1 score SD: 0.24, p < 0.0001). The “traditional” pattern was characterized by lower proportions of
arachidic acid (β per 1 score SD: −0.10, p = 0.001). LA was inversely associated with triglycerides, but positively with
HDL-cholesterol and LDL-cholesterol.

Conclusions: In this Ghanaian population, serum FA profiles reflected the intake of key components of dietary patterns,
such as fish and vegetable oil. FAs from manufactured foods (SFAs) and deep-fried meals (TFAs) did not contribute to the
observed associations between dietary patterns and T2D. Still, LA might partly explain the health-beneficial effect of the
“purchase” pattern.
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Background
Diabetes mellitus is a global health challenge, affecting
415 million people worldwide [1], the majority being
patients with type 2 diabetes (T2D). Next to the Middle-
East, sub-Saharan Africa is facing the second-highest
growth rates of T2D globally [1]. Already, the prevalence
of T2D in urban Ghana (10%) equals the figure seen
among the adult European population [2]. Population
aging and rapid urbanization that contributes to dietary
changes and reduced physical activity are among the
causes for this development in sub-Saharan Africa [3].
Therefore, we previously evaluated the importance of

dietary patterns for T2D among adults living in urban
Ghana [4]. By means of Principal Component Analysis
(PCA), two dietary patterns were identified that showed
distinct T2D-associations. The “purchase” pattern was
characterized by high factor loadings of sweets, rice,
meat, fruits and vegetables and reduced the odds of T2D
by 59% per 1 standard deviation (SD) increase of the
pattern score. The “traditional” pattern was character-
ized by plantain, cassava, green leafy vegetables, fish,
fermented maize products and palm oil and increased
the odds of T2D by 56% [4]. The role of food groups
was evaluated to understand these unexpected associa-
tions. Sweets and soft drinks were rarely consumed;
types of meat comprised mainly goat, sheep and bush
meat; and fruits and vegetable consumptions were fre-
quent, probably contributing to the inverse effect of the
“purchase” pattern. The preference of carbohydrate-
dense, satiating staples may partly explain the direct
association of the “traditional” pattern with T2D [4].
Additionally, specific nutrients and metabolites, in-

cluding serum phospholipid fatty acids (FAs) might con-
tribute to the observed relationships. They constitute an
objective measurement of the intake of specific dietary
fats and thus, are valuable instruments to examine diet-
disease relationships [5]. For fish-derived FAs, moderate
correlations (r = 0.13–0.71) with blood lipid fractions
were seen [6], while some specific odd-chained saturated
FAs (SFAs) partly represent the intake of dairy fat
(r = 0.23–0.62). Trans FAs (TFAs) correlate with the
consumption of refined oils (r = 0.29–0.63), but can also
stem from dairy [6]. However, some FAs, including
palmitic acid, stearic acid and n-6 polyunsaturated FAs
(PUFAs) are rather unsuitable markers of dietary fat,
because their concentrations can be influenced by en-
dogenous metabolism [7].
On the background of economic transition and rapid

urbanization in Ghana, we suspect that a change in trad-
itional food preparation from steaming towards deep-
frying occurred. Consequently, TFAs should be increased
in serum phospholipids. The abundant use of palm oil
will lead to higher serum SFAs with possible detrimental
effects on intermediate biomarkers of T2D [8].

Therefore, the aim of this study was to investigate the
contribution of serum phospholipid FAs to the observed
associations between dietary patterns and T2D. Specific-
ally, the objectives were to i) characterize the serum
phospholipid FA profiles, ii) to analyze the associations
between dietary patterns and selected FAs serving as
markers for dietary fat intake, and iii) to investigate the
relationships of these FAs with blood lipids that are
common risk factors for T2D.

Methods
Study design and study population
The Kumasi Diabetes and Hypertension (KDH) study
was conducted as a non-matched hospital-based case-
control study in urban Ghana between August 2007 and
June 2008 [9]. In brief, patients from the diabetes center
and the hypertension clinic were recruited, and prelim-
inary controls came from friends, neighbors and parish-
ioners, outpatients and hospital staff.
The study protocol conformed to the principles em-

bodied in the Declaration of Helsinki and was reviewed
and approved by the Ethics Committee of the School of
Medical Sciences, University of Science and Technology,
Kumasi. All participants gave informed written consent
before they participated in the study. On the examin-
ation day, after 10-h over-night fast, venous blood sam-
ples were collected. Following breakfast, a personal
interview was conducted on dietary intake, demograph-
ics, socio-economic status, medical history and lifestyle;
and anthropometric measurements were taken. T2D was
defined as fasting plasma glucose >7.0 mmol/L or as
documented intake of anti-diabetic medication. Accord-
ingly, there were 688 T2D cases and 778 controls
without T2D. The latter were used for the present
analysis, because diabetes status and anti-diabetic drugs
can impact on FA metabolism [10]. Further 125 partici-
pants were excluded, because of missing data on dietary
intake, demographics, socio-economics or anthropomet-
rics. The final sample size was 653 (Fig. 1).

Serum fatty acids and biochemical analyses
The proportions of the most commonly measured FAs
in epidemiological studies [11] were analyzed in serum
phospholipids. Fasting serum phospholipids reflect the
dietary intake of FAs during the past weeks and are not
influenced by recent FA intake [6]. The details of FA
analysis are presented in Additional file 1. In brief, FAs
were extracted from serum samples with tert-butyl
methyl ether/methanol, followed by a solid phase separ-
ation, hydrolysis and methylation with trimethyl sulfo-
nium hydroxide. The FA methyl esters were separated
by their retention time in the gas chromatograph with a
100 m capillary column (HP-88) and detected by flame
ionization. The 28 FAs were identified by standard

Jannasch et al. Nutrition Journal  (2017) 16:63 Page 2 of 12



substances and quantified as area percentage of each FA
relative to the total area of all detected FAs.
Fasting glucose was measured in full venous blood in

mmol/L by on-site photometry (Glucose 201+ Analyzer,
HemoCue, Germany); inter-assay coefficients of vari-
ation ranged between 1.7% and 6.1%. Serum triglycerides
and high-density lipoprotein (HDL)-cholesterol were
measured by colorimetric assays (ABX Pentra400,
Horiba Medical, Germany). The inter-assay coefficients
of variation were 4.5% and 1.8%, respectively. Low-
density lipoprotein (LDL)-cholesterol was calculated
according to the Friedewald equation [12].

Dietary assessment
In face-to-face interviews, trained study personnel ap-
plied a Ghana-specific food frequency questionnaire
(FFQ) to capture the usual food intake of all participants
over the last 12 months and to ensure, that the influence
of daily and seasonal variation was minimized. The FFQ
comprised 51 food items. According to their culinary
use and similarities in their nutrient profile, these items
were collapsed in the following 10 categories: starchy
roots and tubers; cereals and cereal products; animal
products; legumes, nuts and seeds; fruits; vegetables;
fats and oils; salt and spices; sweets; and beverages
(Additional file 2). The weekly intake frequencies
were captured by six categories: never, seldom (<time
per week), 1–2 times per week, 3–4 times per week,
5–6 times per week, and daily.

Assessments of covariates
In personal interviews, we obtained demographic and
socio-economic data: age, sex, education (none, primary,

secondary, tertiary, other), literacy (not able, able with diffi-
culties, able), occupation (subsistence farmer, commercial
farmer, casual laborer, artisan, trader, business men, public
servant, unemployed, other), presence of 11 household as-
sets, and number of people living in the household. A
socio-economic status (SES) sum score was constructed
comprising the three major domains education, occupation
and income. Details are explained in Additional file 3. Med-
ical history included own and family history of diabetes and
the use of lipid-lowering drugs. Smoking status and self-
reported physical activity (work-related, transportation-
related, leisure-time physical activity) were documented.
Daily energy expenditure (kcal/day) was calculated as the
sum of metabolic equivalents corresponding to activity in-
tensity as metabolic equivalents (MET-hours) × body
weight (kg) × duration (min).
Anthropometric data were obtained by trained

personnel (all devices SECA, Germany). Weight (kg) was
measured with a person scale, height (cm) with a stadi-
ometer and waist circumference (cm) and hip circumfer-
ence (cm) with a measuring tape. Body Mass Index
(BMI) was calculated as weight/(height)2 (kg/m2) and
waist-to-hip ratio (WHR) as waist circumference/hip
circumference.
The common proxy markers education, occupation

and income were used to construct a SES sum score
ranging from 0 to 10 points. First, a new variable was
constructed by combining the information on education
and literacy. This new variable with four characteristics
covered information about having formal education and
being able to write and read; points from 0 to 3 were
given. Occupation, originally a variable with nine charac-
teristics, was condensed to a new variable with five

Fig. 1 Flow diagram of excluded participants because of missing or implausible data
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characteristics, given the points 0 to 4. Due to differ-
ences in household structures and inflation rates of the
local currency, income was assessed using a list of 11
household assets. 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 edu-
cation, occupation and the income score were summed
up to a score ranging from 0 to 10 points.

Statistical analysis
General characteristics of the study population and the
proportions of single serum phospholipid FAs are pre-
sented for normally distributed metric variables as
mean ± standard deviation, for non-normally distributed
variables as median with interquartile range, and for cat-
egorical variables as percentage. Summarized propor-
tions for the following major FA groups were calculated:
SFAs, mono-unsaturated FAs (MUFAs), n-3 PUFAs, n-6
PUFAs, and TFAs. For comparisons between groups,
Mann-Whitney-U test was applied for continuous vari-
ables and χ2-test was used for categorical variables.
Dietary patterns were constructed applying PCA for

participants who had no T2D but FA measurements
(n = 653), to evaluate the internal validity of previously
identified dietary patterns. Details of the PCA analysis in
the KDH study have previously been reported [4]. In
brief, the 51 food items were collapsed into 33 food
groups (Additional file 2) and were subjected to PCA
using the PROC FACTOR procedure in SAS with an or-
thogonal rotation. The following criteria were applied to
extract the optimal number of factors: eigenvalue >1,

scree plot, and plausibility of the components. Standard-
ized food intake weighted by factor loadings was
summed to be able to rank the participants according to
their adherence to each dietary pattern.
The distribution of general characteristics and the FA

profile were examined across tertiles of the dietary pat-
tern scores using χ2-test and trend test. For the associa-
tions of dietary patterns with FAs, Box-Cox-transformed
FAs were calculated as median with interquartile range
across pattern score tertiles. For those FAs that showed
a significant trend across tertiles, linear regression
models were fitted and adjusted for age, sex, family his-
tory of diabetes, SES sum score, energy intake, energy
expenditure and WHR. For the associations of FAs with
diabetes-related biomarkers, adjusted means and 95%
confidence intervals (CI) of serum triglycerides, HDL-
cholesterol and LDL-cholesterol were calculated across
FA tertiles using the same set of adjustment variables.
As a sensitivity analysis, multivariate linear regression
models were calculated to analyze the associations of
serum phospholipid FAs with fat-containing foods, char-
acteristic of the respective dietary patterns.

Results
Study population
General characteristics of the study population are
shown in Table 1. The majority was female, middle-aged
and of low socio-economic status. One-fourth reported
a family history of diabetes and less than 2% took lipid-
lowering drugs. Smoking was prevalent in only 4% of all
participants and largely restricted to men. Daily energy
expenditure was 10% higher in men than in women.
Mean BMI in women was higher than in men, while the

Table 1 General characteristics of the 653 Ghanaian participants

Characteristics Total Men Women

n (%) 653 156 (23.9) 497 (76.1)

Age (years) 46.4 ± 15.3 46.0 ± 15.5 46.6 ± 15.3

FPG (mmol/l) 4.56 ± 0.71 4.58 ± 0.81 4.55 ± 0.67

Triglycerides (mmol/l) 1.18 (0.74) 1.12 (0.72) 1.19 (0.77)

LDL-cholesterol (mmol/l) 4.02 (1.69) 3.73 (1.99) 4.11 (1.62)a

HDL-cholesterol (mmol/l) 1.40 ± 0.39 1.30 ± 0.39 1.42 ± 0.39a

SES sum score 6.86 ± 2.38 7.02 ± 1.80 6.81 ± 2.54a

Daily energy intake (kcal/day) 1911 ± 657 2215 ± 678 1816 ± 621a

Daily energy expenditure (kcal/day) 1270 (776) 1372 (876) 1243 (779)a

BMI (kg/m2) 25.8 ± 5.36 23.3 ± 3.81 26.6 ± 5.52a

Waist:hip ratio 0.86 (0.10) 0.88 (0.10) 0.86 (0.10)a

Family history of diabetes (% yes) 25.3 19.9 27.0

Lipid-lowering drugs (% yes) 1.84 3.21 1.41

Smoking (% current or quit) 4.4 17.3 0.4a

Data were shown as means ± standard deviation for normally distributed metric variables, median (interquartile range) for metric variables without normal
distribution and percentage of participants for categorical variables; a p-value ≤ 0.05 for significant differences between male and female participants
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WHR was lower. The concentrations of triglycerides
were similar across gender, whereas LDL-cholesterol and
HDL-cholesterol were significantly higher in women.

Fatty acids profile
As presented in Fig. 2, SFAs contributed the highest pro-
portion to total serum FA concentration with 52%,
followed by PUFAs (36%), MUFAs (12%) and TFAs
(<1%). In the group of SFAs, palmitic acid (16:0) and
stearic acid (18:0) showed the highest proportions. In
the group of MUFAs, oleic acid (18:1n-9) yielded the
highest proportion, followed by vaccenic acid (18:1n-7).
Eicosapentaenoic acid (20:5n-3) (EPA) and docosahexae-
noic acid (22:6n-3) (DHA) made up almost 8%, and
therefore highly contributed to n-3 PUFAs. The highest
proportion in the group of n-6 PUFAs was observed for
linoleic acid (18:2n-6) (LA), followed by arachidonic
(20:4n-6) and dihomo-γ-linolenic acid (20:3n-6). Within
the group of TFAs, the highest contribution was seen for
linolelaidic acid (18:2n-6 t).

Exploratory dietary patterns
By PCA, we identified virtually identical principal com-
ponents as previously published (Table 2) [4]. The first
component explained 14.5% and the second 8.0% of the
total variance in food intake. Thus, sweets, soft drinks,
hot chocolate, rice, margarine, vegetable oil, fruits and
vegetables, meat, poultry, milk, eggs and plantain
showed high factor loadings (≥ |0.30|) on the first

pattern score. This component was labeled “purchase”
pattern. For the second pattern score, palm oil, fish, cas-
sava, fermented maize products, plantain, green-leafy
vegetables, garden egg and beans yielded high factor
loadings (AF 4). This component was labeled “trad-
itional” pattern.
Regarding the characteristics across the dietary pat-

terns (Table 3), participants in the highest tertile com-
pared to lower tertiles of the “purchase” pattern were
significantly younger, had a higher SES, lower daily en-
ergy expenditure, lower WHR and nominally decreased
fasting glucose. In the highest tertile of the “purchase”
pattern, triglycerides were significantly lower than in the
first two tertiles; the same trend was observed for LDL-
cholesterol. For the “traditional” pattern, participants in
the highest tertile compared to lower tertiles were sig-
nificantly older, of lower SES, had higher daily energy in-
take, higher WHR, and nominally higher triglycerides
and LDL-cholesterol (Table 3). For HDL-cholesterol and
fasting glucose, no significant trends were observed.

Dietary patterns and fatty acids profile
The distributions of serum phospholipid FAs across the
tertiles of the “purchase” and the “traditional” pattern
scores are shown in Table 4.
For the “purchase” pattern, there was no significant as-

sociation with SFAs, except for lower proportions of
heptadecanoic acid in higher tertiles, but this was not
statistically significant after multiple adjustment for

Fig. 2 Proportions of 28 fatty acids in serum phospholipids of 653 urban Ghanaians
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potential confounders (β per 1 score-SD increase: -0.06;
SE: 0.05; p = 0.16). For MUFAs, lower proportions were
observed for palmitoleic (16:1n-7), oleic and vaccenic
acid across the “purchase” pattern tertiles. The n-3
PUFAs EPA and DHA, were significantly lower; this was
still discernible after multiple adjustment (EPA [β: -0.24;
SE: 0.05; p < 0.0001]; DHA [β: -0.25; SE: 0.04;
p < 0.0001]). Within n-6 PUFAs, significantly higher
proportions were observed for LA, which remained after

adjustments (β: 0.24; SE: 0.04; p < 0.0001). While
dihomo-γ-linolenic and arachidonic acid were lower
across tertiles of the “purchase” pattern, no further n-6
PUFAs were significantly associated. In a sensitivity ana-
lysis, the positive association of the “purchase” pattern
with LA was confirmed for the characteristic fat-
containing foods margarine (β: 0.81; SE: 0.22;
p < 0.0003), vegetable oil (β: 0.60; SE: 0.23; p < 0.01) and
groundnut (β: 1.21; SE: 0.21; p < 0.0001).
Across tertiles of the “traditional” pattern, significant

lower proportions of arachidic acid were discernible and
remained after adjustment (β: -0.10; SE: 0.03; p = 0.001).
EPA, docosapentaenoic acid (DPA), and DHA propor-
tions were nominally higher across the tertiles of the
“traditional” pattern. In the group of n-6 PUFAs, signifi-
cantly higher proportions were observed for eicosadie-
noic acid, whereas proportions tended to be higher for
arachidonic acid and lower for LA (Table 4). Also, in a
sensitivity analysis, we verified the inverse association of
the “traditional pattern” with LA for the characteristic
fat-containing food items cassava (β:-0.95; SE: 0.22;
p < 0.0001) and plantain (β: -1.09; SE: 0.22; p < 0.0001).
After adjustment for respective confounders, no signifi-
cant association remained for n-3 and n-6 PUFAs with
the “traditional” pattern. Proportions of TFAs neither
differed across tertiles of the “purchase” nor of the
“traditional” pattern (Table 4).

Fatty acids profile and blood lipids
For the associations of selected diet-related FAs with
blood lipids, adjusted means of triglycerides, HDL-
cholesterol and LDL-cholesterol across FA tertiles are
presented in Table 5. For triglycerides, significantly lower
concentrations across tertiles of eicosanoic acid, EPA
and LA and higher concentrations across tertiles of
DHA were observed. For HDL-cholesterol, positive
associations were seen for EPA, DPA and LA. For
LDL-cholesterol, lower concentrations across tertiles
of the arachidic acid were observed, although not
significant. Across the tertiles of the n-3 PUFAs and
LA, the association with LDL-cholesterol was positive,
however, not significant for EPA. These results were
virtually identical after exclusion of participants on
lipid-lowering drugs (2%).

Discussion
Previously reported associations of exploratory dietary
patterns with T2D were partly unexpected and largely
unexplained by key foods of the dietary patterns [4]. We
hypothesized that food preparation and specific dietary
fats might be responsible. Thus, we characterized the
serum phospholipid FAs profile and investigated the
relationships of FAs with dietary patterns and with se-
lected intermediate biomarkers of T2D. In this urban

Table 2 Rotated factor loadings for the two dietary patterns in
the Kumasi Diabetes and Hypertension Study

Food items “purchase” pattern “traditional” pattern

Sweets 0.61 −0.14

Juice 0.60 −0.16

Rice 0.55 0.06

Soft drinks 0.52 0.03

Lettuce 0.52 0.14

Carrot 0.51 0.13

Margarine 0.50 0.15

Milk 0.50 −0.06

Vegetable oil 0.49 −0.12

Fruits 0.49 0.39

Milo (chocolate drink) 0.49 0.03

Red meat 0.48 −0.07

Cucumber 0.46 0.09

Eggs 0.45 −0.06

Poultry 0.39 0.08

Groundnut 0.33 0.27

Porridge 0.31 0.06

Bread 0.27 0.26

Agushie (pumpkin seeds) 0.25 0.23

Coffee 0.22 0.10

Palm oil 0.17 0.50

Fish −0.14 0.49

Green leafy vegetables 0.23 0.48

Cassava −0.24 0.48

Banku (fermented
maize product)

0.13 0.47

Plantain −0.33 0.46

Garden egg (aubergine) −0.01 0.46

Beans 0.22 0.45

Cocoyam −0.12 0.36

Crab 0.03 0.32

Okra 0.24 0.31

Millet −0.06 0.30

Yam 0.06 0.21

Food groups with factor loadings > 0.30, which are mainly characterizing the
dietary pattern are captured in bold
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Ghanaian study population, the FAs profile reflected key
foods of the “purchase” pattern: lower n-3 PUFA propor-
tions indicated lower fish intake, and higher LA possibly
reflected vegetable oil intake. Overall, the proportions of
SFAs and TFAs argue against a major role of food pro-
cessing and adversely increased SFAs intake for the
dietary pattern-diabetes relationships. Still, LA was asso-
ciated with a favorable profile of serum lipids. This
might explain some of the inverse association of the
“purchase” pattern with T2D.

Fatty acids profile
Lately, the recent epidemiologic literature covering
the importance of circulating blood fatty acids has
been reviewed [13]. Taken together, 13 observational
studies with at least 100 healthy adults were pub-
lished. The number of FAs under investigation
differed greatly and focused largely on n-3 and n-6
PUFAs. None of them were from sub-Saharan Africa,
but two studies described FAs among African-
American individuals [14, 15]. More recently, Forouhi
and colleagues added substantial findings from the
European Prospective Investigation into Cancer and
Nutrition (EPIC)-InterAct cohort and nine longitu-
dinal studies among Caucasians for the relationships
between PUFAs and T2D risk [16]. In comparison to
Caucasians, the proportions were higher for SFAs, similar
for MUFAs, higher for n-3 PUFAs, and lower for LA in the
present study [13–16]. Still, comparability is constrained

because FAs composition was measured in differential
compartments, including adipose tissue [6], erythrocyte
membranes [17] or serum free FAs [18].
Compared to African-American individuals, n-6

PUFAs appeared to be lower in the present study
population [14, 15]. The differences between Caucasians
and black US citizens are attributed to genetically deter-
mined activities of converting enzymes [15]. For n-3
PUFAs, the proportions were similar to those reported
among blacks in a multi-ethnic cohort [14].
As to the few data from sub-Saharan Africa, propor-

tions of serum phospholipid SFAs and MUFAs in the
present analysis were similar to those in a small cross-
sectional study among middle-aged Nigerians [19].
Compared to our study population, n-3 PUFAs (EPA
0.4% and DHA 3.1%) were remarkably lower in this indi-
genous population adhering to a dairy-based diet. TFA
proportions were similar to those in our study [19].
Similar results for phospholipid FAs were seen in a study
conducted among adolescent girls in Mozambique who
rely on a maize- and rice-based diet [20]. Among
Kenyan Massai [21], proportions of SFAs and n-3 PUFAs
in lipids of red blood cells were lower than in the
present study; MUFAs and n-6 PUFAs were higher.

Dietary patterns, fatty acids profile and blood lipids
The “traditional” pattern, which was related to higher
risk of T2D, was inversely associated with arachidic acid.
In a European-wide study, arachidic acid was positively

Table 5 Distributions of serum lipid concentrations across tertiles of selected diet-related serum phospholipid fatty acids

Fatty acids (% of
total fatty acids)

Serum lipids
(mmol/L)

Fatty acid tertile 1 Fatty acid tertile 2 Fatty acid tertile 3

adjusted mean of serum
lipids (95% CI)

adjusted mean of serum
lipids (95% CI)

adjusted mean of serum
lipids (95% CI)

p for trend

20:0 (median) 0.13 0.18 0.28

Triglycerides 1.32 (1.25; 1.40) 1.16 (1.11; 1.22) 1.12 (1.05; 1.17) 0.0003

HDL-cholesterol 1.41 (1.36; 1.46) 1.41 (1.36; 1.46) 1.36 (1.31; 1.42) 0.20

LDL-cholesterol 4.14 (3.97; 4.32) 3.94 (3.78; 4.14) 3.71 (3.56; 3.90) 0.0003

20:5n-3 (median) 1.04 1.79 3.15

Triglycerides 1.23 (1.17; 1.30) 1.23 (1.17; 1.30) 1.13 (1.06; 1.19) 0.01

HDL-cholesterol 1.35 (1.30; 1.40) 1.40 (1.35; 1.46) 1.44 (1.38; 1.49) 0.02

LDL-cholesterol 3.86 (3.67; 4.01) 3.90 (3.74; 4.10) 4.06 (3.86; 4.22) 0.12

22:6n-3 (median) 4.43 5.87 7.69

Triglycerides 1.08 (1.03; 1.15) 1.20 (1.14; 1.26) 1.31 (1.25; 1.39) <.0001

HDL-cholesterol 1.39 (1.33; 1.44) 1.40 (1.35; 1.45) 1.40 (1.34; 1.45) 0.79

LDL-cholesterol 3.78 (3.63; 3.97) 3.90 (3.74; 4.06) 4.10 (3.90; 4.26) 0.02

18:2n-6 (median) 13.1 16.5 19.9

Triglycerides 1.31 (1.23; 1.38) 1.20 (1.13; 1.26) 1.09 (1.04;1.16) <.0001

HDL-cholesterol 1.35 (1.30; 1.40) 1.38 (1.33; 1.43) 1.46 (1.40; 1.51) 0.01

LDL-cholesterol 3.74 (3.56; 3.90) 3.90 (3.74; 4.10) 4.14 (3.97; 4.35) 0.01

Means and 95% confidence intervals (CI) of serum lipid concentrations were adjusted for age, sex, diabetes family history, SES sum score, smoking, daily energy
intake, daily energy expenditure and WHR
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correlated with the intake of nuts and seeds, margarine,
dairy products and poultry and inversely associated with
T2D [22]. In fact, we and others observed an inverse
association of arachidic acid with serum triglycerides
[23]. Possibly, higher circulating concentrations of very
long-chain FAs, including arachidic, behenic and ligno-
ceric acid, compete with palmitic acid for the integration
in respective ceramides and therefore might decelerate
insulin resistance and β-cell dysfunction that are linked
to ceramides with a high content of palmitic acid [24].
While the lack of association between arachidic acid and
HDL-cholesterol in our study accords with recent find-
ings [23], we could not confirm the positive association
of arachidic acid with LDL-cholesterol [23]. The signifi-
cant direct association of the “purchase” pattern and its
fat-containing components with LA could possibly
explain the inverse association of this pattern with T2D.
We observed a more favorable lipid profile of lower
triglycerides and higher HDL-cholesterol in the highest
LA tertile. Indeed, in EPIC-InterAct, an inverse associ-
ation of LA with T2D was discernible [16], possibly
conveyed by cholesterol-lowering effects of LA-rich
vegetable oils [25]. Yet, in our study population, LDL-
cholesterol increased also across the tertiles of LA,
arguing against a general cholesterol-lowering effect of
LA. Moreover, controversy remains about the health
impact of LA, which can also act as a precursor of pro-
inflammatory metabolites and oxidized lipoproteins [26].
The “purchase” pattern was furthermore inversely

associated with EPA and DHA proportions. Evidence for
a risk reduction of T2D by dietary n-3 PUFAs are so far
inconclusive [27]. Heterogeneous results may possibly
stem from contaminated fish oil (supplements) [28]. In
our study, EPA was positively associated with HDL-
cholesterol and inversely with triglycerides, while results
for LDL-cholesterol were not significant. DHA was posi-
tively associated with triglycerides and LDL-cholesterol,
which is partly in line with observations from RCTs,
suggesting a triglyceride-lowering effect [29, 30].
Only few studies investigated the role of FAs profiles

for T2D among populations in sub-Saharan Africa.
Thus, our findings contribute essentially to the know-
ledge in this field. Owing to the cross-sectional observa-
tional design of the present analysis, reverse causation
might partly explain the deviation of our results from
the findings in intervention studies. Nevertheless, the
likelihood of reverse causation was minimized, because
we have excluded participants with T2D and those who
took lipid-lowering medication to account for diabetes-
related changes of and interferences with lipid metabolism.
We acknowledge that the metabolic profile of this specific
study population might not be representative and hence,
not generalizable to the Ghanaian population. Residual and
unmeasured confounding may have distorted our findings,

but regression models were adjusted for a large variety of
relevant confounders. While the Ghana-specific FFQ has
not been validated yet, it provides culture-specific dietary
information.
FAs were expressed as percentages of total measured

FAs from gas chromatography. Thus, we cannot inter-
pret individual FAs independently of other FAs and
imprecise estimates of FAs in very small proportions
(e.g. TFAs) are likely [13]. Still, flame ionization detec-
tion enables to directly measure FA proportions and is a
well-established measurement method. Other biological
compartments with a slow turnover might better reflect
the habitual fat intake, such as adipose tissue. However,
the time frame of fat intake covered by the FFQ overlaps
with the period reflected in fasting serum phospholipid
fatty acids [6, 7]. Therefore, we consider the choice of
the latter as a good compromise to investigate the
associations between dietary intake and fatty acid
composition.

Conclusions
In conclusion, in this urban Ghanaian population, nei-
ther serum SFAs nor TFAs seemed to be responsible for
the direct association of the “traditional” pattern with
T2D. Alternative explanations for this relationship need
to be explored. With regard to the “purchase” pattern,
the association of LA with blood lipids was health-
beneficial, possibly contributing to the inverse associ-
ation of this pattern with T2D.
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