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Impact of Meal Fatty Acid Composition on
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Adults and Individuals with Cardiovascular Disease
Risk Factors: A Systematic Review
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Consuming fat results in postprandial lipemia, which is defined as an increase in blood triglyceride (TG) concentration. According to current
knowledge, an excessively elevated postprandial TG concentration increases the risk of cardiovascular disease (CVD). It is well known that meal-
dependent (e.g., nutrient composition) as well as meal-independent factors (e.g., age) determine the magnitude of the lipemic response. However,
there is conflicting evidence concerning the influence of fatty acid (FA) composition on postprandial TG concentration. The FA composition of a
meal depends on the fat source used; for example, butter and coconut oil are rich in SFAs, while olive oil and canola oil have a high content of
unsaturated FAs. To investigate the influence of meals prepared with fat sources rich in either SFAs or unsaturated FAs on postprandial lipemia, we
carried out a systematic literature search in PubMed, Scopus, and the Cochrane Library. Randomized crossover studies were analyzed and the AUC
of postprandial TG concentration served as the primary outcome measure. To examine the influence of health status, we differentiated between
metabolically healthy individuals and those with CVD risk factors. In total, 23 studies were included. The results show that, in metabolically healthy
adults, the FA composition of a meal is not a relevant determinant of postprandial lipemia. However, in individuals with CVD risk factors, SFA-
rich meals (>32 g SFA/meal) often elicited a stronger lipemic response than meals rich in unsaturated FAs. The results suggest that adults with
hypertriglyceridemia, an elevated BMI (=30 kg/m?), and/or who are older (>40 y) may benefit from replacing SFA sources with unsaturated FAs.
These hypotheses need to be verified by further studies in people with CVD risk factors using standardized postprandial protocols. This review was
registered in PROSPERO as CRD42021214508 (https://www.crd.york.ac.uk/prospero/). Adv Nutr 2022;13:193-207.

Statement of Significance: To the best of our knowledge, this is one of the first reviews highlighting the effects of the fatty acid composition
of mixed meals enriched with natural fat sources on postprandial lipemia using a food-based approach. A unique aspect of this review is the
investigation of both metabolically healthy subjects and adults with CVD risk factors.
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Introduction

In developed societies, the modern lifestyle is characterized
by excessive and regular food intake. As a result, many indi-
viduals spend the majority of their waking hours in the post-
prandial state (1). This postprandial phase is characterized
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by increases in blood lipids (lipemia), glucose (glycemia),
and insulin (insulinemia) (2). These metabolic processes
are accompanied by postprandial “oxidative stress” and low-
grade inflammation, which are associated with impaired
endothelial function (2). Scientific interest in postprandial
metabolic events as risk factors for cardiovascular disease
(CVD) is therefore increasing.

Postprandial metabolic processes are dynamic, and the
magnitude and duration of change are influenced by both
meal-independent and -dependent factors. Age, health sta-
tus, and pathological conditions (e.g., type 2 diabetes) are
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examples of meal-independent factors (3). Meal-dependent
factors include the energy content and nutrient composition
of meals, especially the fat content and composition (4,
5). Due to the intake of multiple meals, the degree of
lipemia fluctuates during the day (3). Epidemiological studies
have found that postprandial lipemia, particularly a high
triglyceride (TG) concentration, is associated with increased
CVD risk (6-10). Thus, attenuating postprandial lipemia by
dietary modification may lower CVD risk.

The fatty acid (FA) composition of a meal is determined by
the main source of fat. Major dietary sources of SFAs include
butter and cream (both 64% of total fat as SFAs) and coconut
oil (83% of total fat as SFAs) (11). Olive oil and canola oil
are rich in MUFAs (73% and 63% of total fat as MUFAs,
respectively), whereas other plant oils are rich in n-6 PUFAs
[e.g., sunflower oil, 66% of total fat as linoleic acid (18:2n-6)]
and/or n-3 PUFAs [e.g., linseed oil, 14% of total fat as linoleic
acid, and 53% as a-linolenic acid (18:3n-3)] (11).

The effects of different FAs on fasting lipid profiles
are well described (12), and these have been incorporated
into evidence-based dietary guidelines for CVD prevention
(9). SFAs are commonly judged to have a negative health
impact since they lead to increased concentrations of LDL
cholesterol (13). By contrast, unsaturated FA intake has
beneficial effects on blood lipid profile due to their role in
inhibiting cholesterol synthesis and lowering LDL cholesterol
by triggering the expression of hepatic LDL receptor (14).
Thus, one well-accepted dietary strategy to improve the
blood lipid profile is to replace food rich in SFAs with food
rich in unsaturated FAs, especially MUFAs (12). However,
it is essential that unsaturated FAs are mainly supplied by
plant oils like canola or olive oil, and not by foods that are
simultaneously rich in SFAs. A recent comprehensive meta-
regression analysis demonstrated that, for each 1% of dietary
energy as SFAs replaced with an equivalent amount of PUFAs
or MUFAs, there was a significant decrease in fasting TGs and
total and LDL cholesterol (12).

Compared with fasting lipid profiles, less is known about
the importance of FA composition and different FA food
sources on postprandial lipemia. Two recent meta-analyses
examined the postprandial TG response after fat challenges
containing different types of FAs. In contrast to fasting lipid
responses, both meta-analyses found no difference in overall
TG response between SFA and unsaturated FA intake in
their primary analyses (15, 16). However, secondary analyses
revealed that when fat tolerance tests lasted for over 8 h, there
was alower TG response to meals rich in PUFAs (15). Neither
review differentiated between subjects without metabolic dis-
orders, and therefore considered metabolically healthy, and
individuals with CVD risk factors in the form of metabolic
disorders (e.g., metabolic syndrome, hypertriglyceridemia).
It has been shown that certain pathological conditions
such as obesity, hypertriglyceridemia, and insulin resistance
promote an exaggerated postprandial lipemic response (3,
17). We hypothesized that due to a more extensive metabolic
reaction in subjects at risk of CVD (18-21), differences in
the postprandial lipemic response after ingestion of meals
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with different FA compositions become more visible than in
metabolically healthy participants. Thus, it might be useful
to consider the metabolic health status when analyzing the
metabolic reaction to different FA compositions. In addition,
the primary focus of both meta-analyses was on classifying
FAs according to their degree of saturation, and less on the
food source of different FAs (e.g., SFAs from butter vs. SFAs
from coconut oil), or on SFAs of different chain lengths (15,
16). However, these characteristics may affect the impact
of SFAs on fasting lipid profile and postprandial lipemic
response (12, 22, 23).

Therefore, our aim was to systematically review and criti-
cally evaluate existing evidence from acute studies comparing
meals rich in SFAs and unsaturated FAs on postprandial
lipemia. We chose to specifically focus on complete breakfast
meals, prepared with natural, commercially available foods
rather than fat tolerance tests administered as liquid meals
or shakes, because the results of complete breakfast meals
have a more practical relevance. In addition, we investigated
whether the lipemic response differs between metabolically
healthy subjects and individuals with established CVD risk
factors.

Methods

A systematic literature search in the PubMed database
(https://pubmed.ncbi.nlm.nih.gov) was conducted between
October and December 2020. The search term “postprandial
lipemia AND triglycerides AND dietary fatty acids AND
meal” was used to identify suitable studies. A second litera-
ture search, using the same search term, was conducted in the
Cochrane Library (https://www.cochranelibrary.com) and in
the Scopus database (https://www.scopus.com). Additional
studies were detected by computer-assisted manual searches.
Both authors independently reviewed the identified papers
and compared them with the inclusion and exclusion criteria
(Table 1, Figure 1). The main inclusion criteria were as
follows: studies were of a randomized, crossover design
and measured postprandial responses in humans; study
participants consumed at least one SFA-rich meal and one
meal rich in unsaturated FAs, both prepared with natural
fat sources such as plant oils or high-fat dairy products;
postprandial TG concentrations were measured periodically
at regular intervals; and the paper was written in English.
Studies were excluded if the test meals were served as liquid
meals or shakes, or if meals were enriched with isolated
FAs or modified TGs (e.g., inter-esterified synthetic fats
or structured TGs containing specific FAs). Different types
of the AUC of postprandial TG concentration [e.g., the
incremental, total, or net AUC (iAUC, tAUC, net AUC,
respectively)] served as the primary outcome measure. This
review was registered in PROSPERO (CRD42021214508).

Results

The systematic literature search in the PubMed database
identified 193 publications. Of these, 115 studies were ex-
cluded after screening the abstracts because they did not fulfil
the inclusion criteria and/or fulfilled at least one exclusion
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TABLE 1

Inclusion and exclusion criteria’

Inclusion criteria

Exclusion criteria

7.
8.

Randomized human study

1
2. Crossover design

3.

4. Comparison of the effects of at least 2 mixed meals containing carbohydrates,

Adult participants (>18y)

proteins, and either a high amount of SFAs or unsaturated FAs

Preparation of meals with natural, commercially available ingredients (e.g., pasta,
bread, plant oils, dairy products)

Measurement of postprandial TG concentrations in blood samples periodically at
regular intervals

Days of intervention separated by a wash-out phase

Paper in English language

In vitro studies

1
2. Animal studies

3.

4. Consumption of meals enriched with isolated FAs or

Consumption of liquid meals or shakes

modified TGs

"FA, fatty acid.

criterion (Table 1). After examining the full texts of the
remaining 78 studies, 20 publications were rated as suitable
for this review. The systematic literature searches in the
Scopus database and in the Cochrane Library revealed 111
and 77 publications, respectively. After removing duplicates

and screening the articles, 1 publication was included in the
analysis. In addition, 2 studies were identified during the
manual search. In total, 23 articles were included (Figure 1).

15 studies were performed in metabolically healthy
subjects (Tables 2 and 5) and 4 studies included individuals

Electronic search in PubMed (n = 193)

Assessment of
abstracts

I_

Relevant abstract (n = 78)

115 publications excluded

* Research question not relevant (n = 31)

« Investigation of physical activity (n = 24)

* Investigation of other nutrient than FA (n = 15)
*  Pharmaceutical study (n = 13)

¢ Review/no RCT (n=12)

¢ No meals with different FA composition (n = 5)
* Animal study (n = 5)

¢ Shake/liquid meal (n = 4)

e Invitro study (n = 4)

*  No SFA-rich fat source (n = 1)

* Evening test meals (n=1)

Assessment of
full texts

I_

58 publications excluded

* Research question not relevant (n = 14)

+  Modified FA/TG (n= 14)

« Investigation of other nutrient than FA (n=12)

¢ No SFA-rich fat source (n = 6)

*  Shake/liquid meal (n = 6)

* No postprandial protocol/focus on chronic effects (n = 3)
¢ No meals with different FA composition (n = 2)

* Investigation of physical activity (n = 1)

Relevant full text (n = 20)

Manual search
(n=2)

_|_

Electronic search in Scopus and Cochrane Library (n = 188)
*  Duplicates (n = 149)

*  Exclusion (n = 38)

Research question not relevant (n = 16)
Review/no RCT (n=7)

Investigation of physical activity (n =4)
Shake/liquid meal (n = 3)

= No SFA-rich fat source (n = 2)

Investigation of other nutrient than FA (n=1)
Pharmaceutical study (n = 1)

No meals with different FA composition (n = 1)
Modified FA/TG (n=1)

Only one high-fat meal (n = 1)

Study performed in minors (7 = 1)

¢ Inclusion (n=1)

| Inclusion in review (n = 23)

FIGURE 1

Flowchart of article search and selection process. FA, fatty acid; RCT, randomized controlled trial.

Fat intake and postprandial response 195



(panunuoD)

,1:8106001/6 5T
‘08LD600L/B 1L
‘09126 001/6 0¢

‘0%1D600L/6 L1
‘07LD-0vD B 00L/B ¥l
V4S5 6001/6 ¥$ enng 6o
(500 > d) sjeaw (oL=u)
19Y10 > Janq /B L F ez
05qp1 /9570 pa1e1s 10N 1) ON 60 pa1e1s 10N pa1es 10N 19A05501) ‘A 67-0C (¥7) 12 19 PPN
OHD B 1t
WVANd B+ ‘ur01d 6 67
VAN B 0% ‘v4S B /¢ s1onpoid Aog 184 6 6 98/
J219weled
9AIeUI) e
ul wucw\_wt_b
ueoyiubis
ON "UoneIIuUadU0D OHD b /€ G_ = S
o1 [elpueidisod jo NVANd B S ‘uroid b 67 [W/B% 9 F 0¢
DNV 4O uone|nd[ed oN v'e'T'L0 VAN B €2 v4S B £9 s1onpoud Alieg pajels 10N 18465 St/ 19A0$501) KGF €S (£€) 1019 3pIsN
<V4Nd %N 91
V4NN 9%N3 7T 'V4S %N3 02 sInujep
¢V4Nd %N3 ¥
V4NN 9%N3 8€ VA4S %N3 ¢ 1o A0
J219weled
9AIeUI) e
Ul 9dualaylp
uedyiubis
ON "UoleIIuUadUO0D OHD %N3 S \AUDG 210Joq
9] [elpuesdisod jo ¢V4Nd %N3 ¥ ‘ui101d 9NJ S| el 191P UISISIMN (8 = u) pa1e1s
DNV 4O uone|nd[ed oN 6'9'€'0 VAN 9%N3 TC V45 %N3 §€ enng  ssew Apoq 63/6 | 18J%NI 09 AJIBPJO999-05  JOIM { USA0SSOID 10U |Ng pue 9By (9€) 'le 39 Opl|I°g
lo OHD B 1L
vANd b9 INUOD0D UIBIIA ‘ui10id b /|
VANW B € 'v4S b ez enx3 ‘o ysy belLb9 1846 v 199
(08700 =14d)
IO INUOD0D OHDD I/
pue |10 ysy < |10 VANd B L [0 INUOD0D ‘ui10id b /|
U020 0y VAN B £ V45 6 €7 ubin enxg 66l 18y 6 ¢ 199
OHD6 1/
V4nd 69 ‘uoid 6 /|
VANW B L1 V45 B GL 110 ysi4 69 1846 ¢ 199
(98L00=d
pue sz100=d) (1o
|!0 INUOD0D cmchou_ |!0 3AII0 OHD §) (VA
pue |10 ysy pue |io Hnd b Jl0 INU002 10} ‘uRioId b /| puljg-s|gnop (SL=u)
ysy < jonuod “Ony S'SPYISE'ETO VANW B L V4SS B GL MO 3) [0U0D 60 1846 ¢ 199 19A0SS01D) /B | F 9T A S (0€) e 32 UNSny
ZS}NsayY Yy ‘uonds||od poojg uonisodwod y4 usoned ERILH uonisodwod jeapy 1e3y ‘ABasuz ubisap Apnis (u) dnoab 1d3fqns EVEYETEN|
|eaw/a2anos je4 1€} JO JUNOWYy JO |Ng pue by

,5123[qns Ayajeay Ajjedijoqersw uj eiwadi [eipueidisod uo sy4 pajedniesun Ul Yol s|eaw pue sjesw Yol-y4S Jo s13949 ay1 buliedwod saipnis [eaw-1s9) a1ndy  Z 319VL

196 Neumann and Egert



(panunuoD)
yVANd %M 61 IS}
VNN 9%6IM TS "V4S %M 0T Ysy pue Jlo sAllO
yVANd 96IM 81
VNN %M GS V4S %M 7T [102AI10
Apnis a10j2q
j020101d
leipuesdisod
El
Jo uonisodwod
OHD B get \ZEN (6=u)
OUIYIP LVANd %M 7L ‘u101d 6 5 Buiyprew 191p /B € F €T
uedyiubls oN 9'v'C'L'0 VNN %M €€ VS %IM OF Jenng paiels J0N 18566/ o8l JOIM € I9N0SS0ID) Ky F€C (£2) "2 12 sispues
eV4Nd %N 91
V4NN %N3 T 'v4S %N3 0T SINUeM
¢V4Nd %N3 ¥
VAN 9%N3 9€ V45 %N3 0C [10 2O
(clo0=d
pue zZ00'0 =d)
uoneilusouod
o] |elpueidaid
01 952109p Apnis 210439
Ja1iea pue aseyd j020101d
lelpueldisod Ajies |eipue.idisod
Ul UOIIRIIUSOUOD El
0] Ja1eaib ;|10 Jo uopisodwod
SAI|O "UolRIUSSUOD OHD %N3 ST v4ou (0z=u
o1 [elpueidisod jo V4N %N3 ¥ ‘ure10id %NI 1 el Buiydrew 121p (/B € F 5 ow) e
DNV JO uone|nd[ed oN 11'68'9'sy'e'2'L'0 V4NN %N3 2T 'v4S %N3 S€ loung  ssew Apog B4/6 | 104 %NI09  AlIBPJO %9905 JOIM f I9A0SSOID ATFee 19 ZoullIe\-Zaled
»V4Nd %89
VANW %1T 'V4S %L L [10 Jlamoyuns
OHD b gsL
»¥4Nd %0€ ‘uRi0id 6 ¢¢
VAN %E9 ‘V4S %/ |10 gjoue) 655 1846 49 LE€1"ypun]
Ja1oweled
EIGENIENE]
[FIEREIE s} Ajjeipueidisod y 6
JuedyIubls jun Apnoy ‘youn|
ON "UOIBIIUSDUOD 19348 Y §'7 Joj Ul 0 OHD b £
9l [elpueidisod jo Alana ‘1sepieaiq Jaye WYANd %L ‘uRl01d 66 pul|g-a/qnop @L=u (89)
DNV JO uohe|ndjes oN U SLIojuiw Gl A1oAg VANIN %/ 'V4S %6€ 10 Wied Bl 1846 /1 85€ 1sepiealg 19A0S501D) W/BX €2 AT '[B 19 Ussiopad
L0810
boot/6£9'1:8106001/6 1T |10 emopuns
4,810 6001/66°1:81D
6001/692'09106001L/6 LL Ao}
ZS}nsay Y ‘uoid9f|od poojg uonisodwod y4 usaned 32Inos uonisodwod [eapy 1e3y ‘ABasug ubisap Apnis (u) dnoib 133fqns ERVEYETEN|

|esw/a24no0s je4

1€4 JO JUnowy

J0 IINg pue 36y

(panunuod) z319vl

197

Fat intake and postprandial response



‘syuedidiued Apnis 9z |je 01 Buiissal NG pue aby ¢

"92IN0S 1) 3Y1 Ul 4N PUB "VANIA ‘V4S JO 1US1U0D 841 01 Bulalay,
‘lesw 3yl Ul 4N d PUB 4NN ‘V4S JO 1US1U0d 3y1 01 mc_:&mmm

'S4 P1eINIeSUN Ul YD S| pUe S|eawl YdL-y4S J1a1je (poojq Asejjided ‘winies ‘ewse|d) uolenussuod o jeipueidisod Jo Dy Usamisq suospedwod 01 bulisley,

"abe1uaniad 1Bm 9Im DNV [BIUBWRIDUL DNY! ‘PIoe Ae) 4 labeiusdiad ABISUS '96N3 ‘21ipAY0gIeD ‘OHD SIaqUINU 3]0yMm 0 PIPUNOI ale SISGUINN ‘dS F Ueaw se UsAIb aie Ng pue aby

SHNW %12 10 3AIIO 608
WVHS %/ Jaung 600l
oL=u)
DUIYIP putjg-a|6uts /BT F LT (90)
JuedyIubIs ON 8'/'9'S'y'e'T'L0 paiels 10N 1e) ON 6o pa1els 10N pa1e1s 10N "I9AOSSOID) KTFe€e ‘|e 19 uasuloy |
¢V4Nd %N3 8
V4NN 9%NT £S 'V4S %N L [10 2AIO
J919Weled
ENMEVIENS]
[SIERIEIE o}
uesyiubls
ON "Uofenussuod OHD %N3 L¢ oL=u
9L [epueidisod Jo ¢V4Nd %N3 ¢ (629 ueaw) ‘uir01d 9N € puiq-a|buls AW/ L F 1T 6
DNV 4O uohiensied oN 9%0 V4NN 9%6N3 9T 'V4S %N3 8¢ Jalung e0203 ssew Apog B3/6 | 1) 96N3 9/ Bool/ext 1z9 'I9A0SSOID ‘ALLFge ‘e 39 dnnsjoy |
»V4Nd %lo0W S
V4NN %l0W 6€ !0 Ejoues
(0:81D-07D) VA4S %low £ pue [10 psssul] b se
»V4Nd %loW 91
V4NN %l0W 69
(0:81D-0%D) V4S %low S| SN0 SAlEN b se
yV4Nd %loW ¢ OHD B 69 6l=u)
9dUsIjIp V4NN %l0W 0T ‘ui0id b €7 puljg-3|buls /B € F €T 60
Juedyiubls oN L'S'EL0 "(0:812-0%D) ¥4S %loW S/ Jonng (836 5e) by 1846 /¥ 98/ 'I9N0SSOID ‘A F e ‘|B 19 UOSSUSAS
¢v4Nnd 6 82 |10 po9s
VANW B 8 'v4S b1 adeib pauysy 6oy
vANd b ¢
VANW B 1€ 'v4S 69 0 3110 pauyay (&4 6.0%) 6 1t
(0z=u
(100> d) 10 7'SEeST'e v4nd 68 puijg-a|6uls /By € F €T
anjo > sanng oy ‘SL1'S£0'50'ST0'0 VANW 6 8 'v4S B 2 Jalng pajjesun (36 0v) b 8y pa1e1s 10N p=ielis 10N I9A0S501D) ‘K9 F /1T (87) le 12 uns
|10 ejour)
eixa
[10 9AIO 9AllEN
o
1NUOD0D dAlEN
OHD %N3 ¢¢ (122X S66 oL=u
DUIYIP (659 ‘ura101d 9N7 £ ueau) ssew W/B% £ F ot
JuedyIubIs oN 9's'y'e'c'L'o pa1eis 10N 191ang pajjesun ueaul) [lenplAlpu| 10)95NT 19 Apoq by/[exy €1 JSAOSSOID) SE==27d (z€) '|e 12 O||ueDS
ZSHNsaY Y ‘uon3ds||od poojg uonisodwod y4 usened 92In0s uonisodwod [eapy 1edy ‘A6asuz ubisap Apnis (u) dnoib 13afqns ERITEIETEN |
|eaw/224Nn0s 1e4 1€} JO JUnowy JO |G pue by
(panunuod) zIanavl

198 Neumann and Egert



with CVD risk factors (Table 3). In 4 studies, data from
metabolically healthy subjects and individuals with CVD risk
factors were obtained (Table 4). CVD risk factors included
an elevated fasting TG concentration, hypercholesterolemia,
being overweight, or combinations of several CVD risk
factors (e.g., hypertension, elevated plasma glucose).

The meals of 20 studies compared SFA content with
unsaturated FA content (Tables 2-4). Butter was used as the
main source of SFAs, while olive oil served as the primary
source of unsaturated FAs. In 3 studies, fats composed
predominantly of SFAs of different origins were used to
achieve a specific FA composition in meals (Table 5).

Impact of fat dose on postprandial lipemia

In 3 studies, participants received a fat-free control meal
in addition to high-fat mixed meals (24-26) (Tables 2
and 3). Data revealed that fat-free meals did not increase TG
concentration postprandially. By contrast, all high-fat meals
provoked an increase in postprandial TG concentration. In
addition to postprandial TG concentration, fat dose also in-
fluenced the time taken to reach maximum TG concentration
(tmay)- In protocols with very high fat doses (50 g/m? body
surface/meal, 79 g/meal), the TG concentration peaked 2 h
after meal consumption (25, 27), whereas in studies with
lower fat doses (35 g, 40 g), the maximum TG concentration
(Cmax) was reached 3-4 h postprandially (28, 29).

Influence of FA composition on postprandial lipemia:
metabolically healthy subjects

In metabolically healthy subjects, 11 of 16 studies investi-
gated the effect of FA composition on lipemia by calculating
the AUC of postprandial TG concentration (Tables 2 and 4).

SFAs vs. unsaturated FAs

In comparison with meals rich in unsaturated FAs, 2 studies
reported a higher TG concentration after the consumption
of a SFA-rich meal. Austin et al. (30) found that coconut oil
provoked a higher iAUCy_s}, than a blend of coconut and
fish oils. In addition, compared with control meals (tallow
and olive oil), they reported a lower AUCy s} after the
consumption of meals enriched with a blend of coconut and
fish oils or with only fish oil (Table 2). Bermudez et al. (31)
demonstrated that the consumption of butter led to a higher
postprandial TG iAUC,_g 1, than the consumption of oils with
a larger proportion of unsaturated FAs. Reference fat sources
were olive oil, high-palmitic sunflower oil, and a blend of
vegetable and fish oils (Table 4).

In 2 studies at least one meal rich in unsaturated FAs
provoked a significantly greater TG AUC than a SFA-rich
meal (Table 2); the SFA-rich meals of both studies were
prepared with butter (24, 28). Sun et al. (28) observed that
olive oil triggered a stronger postprandial lipemic response
than butter, whereas Mekki et al. (24) made the same
observation and additionally reported a greater TGiAUCy_7 1
after the consumption of a meal enriched with sunflower oil.

8 studies reported no significant differences in the AUC
of postprandial TG concentration between SFA-rich meals

and meals rich in unsaturated FAs (Tables 2 and 4). Most
meals contained butter as the SFA source (26-29, 32, 33),
whereas others were enriched with coconut oil (32, 34), palm
oil (34), or with a blend of coconut and palm oil (35). Sources
of unsaturated FAs were olive oil (26, 27, 29, 32, 33), canola
oil (32), grapeseed oil (28), rice bran oil (34), and walnuts
(33). Other meals were prepared with a blend of sunflower
and canola oils (35), a blend of linseed and canola oils (29),
or a blend of olive and fish oils (27).

Studies using an alternative parameter of postprandial
lipemia

In 5 studies, the AUC of postprandial TG concentration was
not measured (Table 2). When comparing alternative param-
eters of postprandial lipemia (e.g., total TG concentration,
median % change from baseline), no significant differences
between meals were found in 4 studies. Sources of SFAs were
butter (36), dairy products (37), palm oil (38), and cocoa
butter (39). Meals rich in unsaturated FAs were prepared
with walnuts (36), soy products (37), olive oil (36, 39), and
canola and sunflower oils (38). Only Perez-Martinez et al.
(40) reported differences in the lipemic responses to high-
fat meals. Compared with butter and walnuts, a meal rich
in olive oil resulted in a higher TG concentration in the
early postprandial phase and in an earlier decrease to the
preprandial TG concentration.

Comparisons of SFAs

In 3 studies, all meals contained SFA-rich fat sources
(Table 5). Metabolically healthy subjects were investigated
and postprandial TG AUC was calculated. Every study
reported at least one nonsignificant comparison between
2 meals with different SFA profiles. Specifically, there were
no significant differences in the lipemic response between
palm olein and a blend of coconut and corn oils (41), butter
and lard (23), and milk fat, coconut oil, and tallow (42).
2 studies observed significant differences in the AUC of the
postprandial TG concentration between meals. Karupaiah
et al. (41) observed a lower lipemic response after the
consumption of palm olein and a blend of coconut and corn
oils than after the intake of a blend of cocoa butter and
corn oil. In addition, Panth et al. (23) reported a higher net
AUC_¢1, in response to butter and lard than to coconut oil.

Influence of FA composition on postprandial lipemia:
individuals with CVD risk factors

In every study that included patients with increased CVD
risk, the AUC of postprandial TG concentration served
as the parameter for lipemia (Tables 3 and 4). When
comparing meals rich in SFAs with those rich in unsaturated
FAs, 5 studies reported a higher postprandial TG AUC
after the consumption of a SFA-rich meal. Bermudez et
al. (31) showed that, in subjects with a high fasting TG
concentration, a meal enriched with butter provoked a
greater TG iAUCy_gp, than meals rich in unsaturated FAs.
Reference oils were high-palmitic sunflower oil, refined
olive oil, and a blend of vegetable and fish oils. Likewise,
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Lopez et al. (25) reported a stronger lipemic response after
the consumption of butter than of olive oil in subjects
with hypertriglyceridemia. Irawati et al. (34) defined hyper-
responders as subjects whose TG concentration exceeded
1.7 mmol/L 4 h after the consumption of a palm oil-enriched
meal; the TG concentration of normal-responders remained
below this threshold. Hyper-responders had a greater TG
iAUCy g} after the consumption of palm oil than of rice
bran oil. By contrast, in normal-responders, the lipemic
responses to the palm oil-enriched and the rice bran oil-
enriched meals were comparable. Diekmann et al. (43) and
Schonknecht et al. (44) focused on dietary pattern rather
than fat sources. Compared with a Mediterranean diet meal,
Diekmann et al. (43) observed a greater TG iAUC_4 51, after
consumption of a Western diet meal. Schonknecht et al.
(44) observed a similar effect; a Western diet, high-fat meal
provoked a stronger lipemic response than a Mediterranean
diet meal. None of the studies reported a higher postprandial
TG AUC after a meal rich in unsaturated FAs than after a
SFA-rich meal (Tables 3 and 4).

In 4 studies, no significant differences were observed
when comparing the AUC of postprandial TG concentration
between a SFA-rich meal and an unsaturated FA-rich meal.
Meals contained coconut or rice bran oil (34), palm olein,
or a blend of palm olein with soy or canola oil (45). Other
studies compared a blend of palm and coconut oils with a
blend of sunflower and canola oils (35), as well as meals
prepared with butter, olive oil, and walnuts (33) (Tables 3
and 4).

Discussion

The aim of this review was to investigate the influence of
mixed meals enriched with fat sources with different FA
compositions on postprandial lipemia. We focused on a food-
based approach and distinguished between metabolically
healthy adults and individuals with CVD risk factors.

Metabolically healthy subjects

Most studies in metabolically healthy subjects did not report
a significant difference in the AUC of postprandial TG
concentration after the consumption of fat sources rich in
SFAs or unsaturated FAs (Tables 2 and 4). Therefore, for
metabolically healthy humans, the SFA content of meals
does not seem to be a relevant determinant of postprandial
lipemia.

It should be noted that the assumption, that in a state
of metabolic health the FA composition of a meal has no
effect on lipemia, is based on comparisons between certain
fat sources. For example, 10 studies compared the effects
of meals prepared with butter or olive oil on postprandial
TG concentration (24, 26-29, 31-33, 36, 40), whereas only
1 study compared pure coconut oil with canola oil (32). There
is a particular lack of evidence concerning fat sources with
potential health-promoting effects, such as coconut oil and
hemp seed oil. Since these fat sources are increasingly used
in modern kitchens, more studies are required to determine
their effect on postprandial metabolism.

A lack of significant effects of SFA-rich meals on postpran-
dial lipemia has recently been described by Yao et al. (16).
Although they hypothesized a beneficial effect of unsaturated
FAs on postprandial TG and cholesterol response, their meta-
analysis of 17 studies, including 13 studies in metabolically
healthy subjects, did not reveal any significant differences in
these parameters.

However, in our analysis, 2 studies reported a significantly
higher postprandial TG AUC after the consumption of a SFA-
rich meal (30, 31), both of which used a blend of plant and
fish oils as the reference fat source (Tables 2 and 4). In the
study of Austin et al. (30), lower lipemic responses to fish oil-
containing meals were found although they had a similar fat
and SFA content as comparison meals (olive oil, coconut oil);
thus, the addition of fish oil to a mixed meal may attenuate
the postprandial lipemic response to high-fat meals. There
is also well-described evidence that long-term supplemen-
tation with fish oil lowers fasting and postprandial TG in
metabolically healthy, normolipidemic subjects. Brown and
Roberts (46) reported that, in comparison to olive oil, 6 wk
of fish oil intake led to a significantly lower postprandial
TG concentration in response to a standardized high-fat
meal. Park and Harris (47) confirmed this observation by
showing that supplementation with marine n-3 FAs for
4 wk reduced postprandial TG concentration by 16%. It has
been suggested that marine n-3 PUFAs lower postprandial
lipemia by diminishing endogenous production of VLDLs
(48). Additionally, EPA and DHA accelerate the clearance of
chylomicrons by upregulating lipoprotein lipase activity (47).
a-linolenic acid from plant foods (e.g., linseed oil) may serve
as an alternative source of long-chain n-3 FAs, but further
studies are needed to determine its effects on lipoprotein
production and clearance.

In most of the studies analyzed, participants received
butter or olive oil (24, 26-29, 31-33, 36, 40); however,
comparison of postprandial TG AUC between meals revealed
contradictory results (Tables 2 and 4). One reason may be
differences in the FA composition of the same fat source. For
example, the butter in the study of Sun et al. (28) contained
50% SFAs, whereas Thomsen et al. (26) used butter with
72% SFAs. When evaluating the results of several studies,
variations in FA profiles of similar fat sources should be
considered.

The role of chain length of SFAs

According to Karupaiah et al. (41) and Panth et al. (23),
coconut oil provokes a weaker postprandial lipemic response
than cocoa butter, butter, and lard (Table 5). All of these fat
sources are rich in SFAs, but differ in their SFA composition.
Coconut oil is dominated by lauric acid (12:0, 42 g/100 g)
and myristic acid (14:0, 17 g/100 g), whereas the content
of palmitic acid (16:0, 8.6 g/100 g) and stearic acid (18:0,
2.5 g/100 g) is low (11). Compared with coconut oil, butter
(24), cocoa butter, and lard (11) have a higher content of
palmitic acid (30, 25, and 24 g/100 g, respectively) and
stearic acid (11, 33, and 14 g/100 g, respectively). Thus,
the chain length of the SFAs may influence the magnitude
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of the postprandial lipemic response. However, conflicting
results should be noted. Poppitt et al. (42) did not find
any significant differences when comparing the AUC(_3, of
postprandial TG concentration after meals enriched with
coconut oil, tallow, and milk fat (Table 5). Likewise, in the
study of Karupaiah et al. (41), a blend of coconut oil and
corn oil did not provoke a different lipemic response than
palm olein. There were also no differences between meals
enriched with butter or lard (23). To better understand the
impact of SFA chain length on postprandial lipemia, sys-
tematic investigations with standardized amounts of FAs are
required.

Subjects with CVD risk factors

In nearly every study of subjects with CVD risk factors,
a SFA-rich meal provoked a higher postprandial TG AUC
than a meal rich in unsaturated FAs (Tables 3 and 4).
Most meals with a high content of SFAs contained butter;
thus, individuals with CVD risk factors may benefit from
replacing butter with fat sources rich in unsaturated FAs
such as canola or olive oil. The recent meta-analysis of Yao
et al. (16) of 17 studies, including 4 studies in people with
CVD risk factors, did not reveal significant differences in the
AUCs of postprandial TG concentration between SFA-rich
meals and meals enriched with unsaturated FAs. The authors
did not differentiate between metabolically healthy subjects
and individuals with a CVD risk profile. A meta-analysis
including studies solely in people with CVD risk factors may
provide clarity concerning the effects of FA composition on
postprandial lipemia in these individuals.

The role of the type of CVD risk factors
Our analysis illustrates that investigations of postprandial
lipemia require consideration of the CVD risk factors of par-
ticipants. In studies with significant differences in the AUC
of postprandial TG concentration, subjects had hypertriglyc-
eridemia (25, 31), elevated postprandial TG concentrations
(34), or several characteristics of the metabolic syndrome
(43, 44). By contrast, investigations in subjects with mild
or familial hypercholesterolemia did not reveal significant
differences between meals rich in SFAs or unsaturated FAs
(35, 45). In addition, subjects in studies with significant
differences in the lipemic response were older and had
a higher BMI than those in studies without significant
differences (Tables 3 and 4). Thus, impaired TG metabolism
(especially hypertriglyceridemia), advanced age (>40y), and
elevated BMI appear to promote an exaggerated postprandial
lipemic response to SFA-rich meals. It should be noted that
in the study of Lozano et al. (33), meals with different FA
compositions did not provoke significant differences in the
postprandial TG iAUC in plasma of lower-weight subjects
and higher-weight subjects; however, all subjects had a BMI
(in kg/m?) <30. Therefore, a threshold of 30 may be required
for detection of significant differences in lipemic responses to
meals with different FA compositions.

Other investigations confirm the assumption that certain
CVD risk factors increase the extent of postprandial lipemia.

204 Neumann and Egert

Jackson et al. (49) reported that, as the number of metabolic
syndrome components increases, the AUCjgp and the
iAUCy g1 of postprandial TG concentration also increase.
In several investigations, a correlation between BMI and the
magnitude of the postprandial TG response was observed
(32, 50). Couillard et al. (51) showed that men responded
with a greater postprandial TG iAUCy_g than women.
However, the gender difference disappeared after matching
for visceral adipose tissue, since there was a significant
association between visceral adipose tissue and postprandial
lipemia in both genders. In the study of Madhu et al. (52),
men with type 2 diabetes responded to a fat-rich meal with
a greater postprandial TG AUC,_g, and iAUCy_gp than
metabolically healthy controls. In addition, diabetic subjects
showed a higher TG peak. Emerson et al. (53) observed that
advanced age promotes an exaggerated postprandial lipemic
response to a high-fat meal. Younger, active adults (mean age,
25y) showed a significantly lower tAUCy_¢}, of postprandial
TG concentration, as well as a lower TG peak, than both
older active and inactive older adults. Furthermore, older
active adults (mean age, 67 y) responded to the meal with
a lower lipemic response than older inactive adults (mean
age, 68 y). Further studies are required to confirm the
finding that older inactive subjects with characteristics of
metabolic syndrome benefit from exchanging SFAs (e.g.,
butter) with unsaturated FAs (e.g., canola oil and olive
oil).

Influence of the fat dose on magnitude and time course
of postprandial lipemia

At the end of the last century, a dose-response relation
between the fat content of meals and postprandial TG
concentration was described (54, 55). Cohen et al. (54)
demonstrated that the magnitude of lipemia was propor-
tional to the fat content of high-fat meals. Dubois et al. (55)
observed a stepwise increase in serum TG concentration
after the consumption of meals with graded amounts of fat.
Likewise, current reviews reported increasing lipemia with
increasing fat intake (56, 57). Our analysis did not focus on
the effect of fat dose on postprandial lipemia, in part because
none of the included studies were performed with gradually
increasing amounts of fat. Meals contained high fat doses
and, in some investigations, an additional meal without fat
was consumed (24-26). Comparing the lipemic responses to
fat-free meals with those to high-fat meals suggests a positive
dose-response relation, although this association remains to
be confirmed.

It is well known that, in response to a mixed meal, TG
concentration increases rapidly until Cyax, which is usually
reached between the second and third hour postprandially
(54, 55). After reaching a plateau between the third and
fourth hour, the TG concentration remains elevated until 6 h
after meal intake (57). Data indicate that, compared with a
moderate fat load (e.g., 35 g), a high fat load (e.g., 79 g)
triggers an earlier Cpax of TGs. However, this observation
was not based on studies with graded fat loads but on
comparisons between studies (Tables 2 and 3). Due to



TABLE6 Recommendations for designs of future postprandial studies’

Recommendations

Subject group °

Adult participants (>18y)
CVD risk phenotype (e.g., advanced age, obesity,

characteristics of metabolic syndrome)

Study design
Behavior before intervention days

Type of meal

Randomized controlled crossover study

Adequate wash-out phase

Avoidance of intense physical activity and alcohol
Overnight fasting

Breakfast

Preparation with natural, commercially available food (e.g.,

pasta, bread, plant oils, dairy products)
® (Characterized nutrient profile (e.g., energy content, total fat
and individual FAs, protein and carbohydrate content)

Fat dose °

L]

Meal consumption and postprandial °
period

[ ]

L]

Primary parameter of postprandial °

lipemia °

Examples for additional parameters °

of postprandial lipemia °

L]

[ ]

35-50 g per meal

Absolute dosage or relative to the body mass

Consumption of the meal within a standardized time period
(e.g, 20 min)

Postprandial observation period of 6-8 h

Blood collection every 1-1.5 h

iAUC of postprandial TG concentration

Analyzed in blood plasma or serum

Maximum TG concentration (C
Time to reach the maximum TG concentration (t
TG concentration in TG-rich lipoproteins
Analyze of specific lipoprotein subfractions

ma><>

max)

'CVD, cardiovascular disease; FA, fatty acid; iAUC, incremental AUC.

variations in study protocols, it remains uncertain whether
variation in the quantity of fat in meals was responsible for
differences in the TG time course. Previous investigations
with graded fat loads do not clearly confirm an influence of
fat dose on the t;,x of postprandial TG concentration (54,
55). Thus, in addition to the fat content of meals, other factors
that influence postprandial lipemia should be considered
when analyzing lipemic responses.

Strengths and limitations

A strength of this analysis is the investigation of both
metabolically healthy subjects and individuals with CVD
risk factors. In addition, the focus on natural, commercially
available fat sources means the results have a practical
application. This review helps to develop nutritional rec-
ommendations to reduce postprandial lipemia. Considering
that a high postprandial TG concentration is associated with
increased risk of CVD, the conclusions from our analysis may
contribute to lowering CVD risk, especially of individuals
with CVD risk factors.

One limitation of this analysis is that meals were
categorized into those rich in SFAs and those rich in
unsaturated FAs. Especially in meals rich in unsaturated FAs,
this categorization may not have been specific enough to
capture differences between unsaturated FA composition.
Fat sources dominated by MUFAs (e.g., olive oil) or PUFAs
(e.g., grapeseed oil, fish oil) can have different effects on
postprandial lipemia (28, 30, 58). This limitation may
also affect SFAs, which include several subgroups such as
medium-chain SFAs (23, 41). Therefore, it would be useful

for further analysis to consider the differences in the FA
profiles of SFAs and unsaturated FAs.

Due to the high heterogeneity of population, intervention,
comparison, and outcome measurement of included studies,
we did not perform meta-analysis. Considering the limited
number of comparable studies (e.g., administering the same
fat sources, or having the same length of observational
period), we decided not to attempt meta-analysis with
subsequent subgroup analyses. As a result, our findings
have an increased risk of exaggerating effects and should
be interpreted carefully. Standardization of the designs of
postprandial protocols (Table 6) would enable meaningful
meta-analyses verifying our findings.

Conclusions

This review revealed 3 main findings. First, in metabolically
healthy subjects, the FA composition of a mixed meal is
not a relevant determinant of the magnitude of postprandial
lipemia. Second, in subjects with CVD risk factors, a
high SFA content (>32 g SFA/meal) often provokes a
greater lipemic response than unsaturated FAs. Subjects with
hypertriglyceridemia, an elevated BMI (>30 kg/m?), and/or
who are older (>40 y) may benefit from replacing SFAs
with unsaturated FAs. To verify this suggestion, further
postprandial protocols should concentrate on subjects with
CVD risk factors rather than metabolically healthy adults.
Third, because of the dose-response relation between fat load
and the magnitude of postprandial lipemia, lowering the fat
content of meals has a greater impact on postprandial lipemia
than modifying the FA composition.
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Future directions
This analysis revealed a lack of standardized procedures
in postprandial protocols (Tables 2-5). Marked differences
were noted in the fat dose, the length of the observational
period (3-11 h), the number of postprandial blood sample
collections (2-15), and the parameter of lipemia (e.g.,
iAUC, mmol/L x 6 h). To increase the comparability
of study results, standardized procedures for postprandial
protocols are required (57). To reliably induce lipemia while
maintaining the physiological relevance and applicability of
results, a moderate fat load (35-50 g/meal) is recommended.
A postprandial observational period of 6-8 h with regular
collection of blood samples (every 1-1.5 h) ensures that
fluctuations in lipemia are fully captured. With regard to
lipemia parameters, measuring the iAUC of postprandial
TG concentration is most advisable. Because the AUC
does not allow any analysis of time course, differences in
lipemia may be missed when focusing only on the AUC of
postprandial TG concentration. To avoid misinterpretations,
further analysis should include parameters of the time course
such as ty.x (overview of recommendations in Table 6).
Attenuating the lipemic response is an effective strategy
to lower CVD risk through nutritional recommendations.
The postprandial TG concentration in blood plasma or
serum is one of several parameters considered to be an
independent predictor of CVD. In some studies, despite
nonsignificant differences in plasma TG, meals with different
FA compositions did provoke significant differences in TG
concentration in specific lipoprotein fractions—for example,
in small TG-rich lipoproteins (33) or in the chylomicron-
rich fraction (26). Therefore, to comprehensively evaluate the
influence of fat sources on cardiovascular health, it would
be useful to analyze a broader spectrum of postprandial
lipemia parameters. In addition, further metabolic processes,
such as glycemia, insulinemia, and low-grade postprandial
inflammation, should be considered when evaluating the
influence of meal composition on CVD risk parameters.
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