
The Journal of Nutrition 153 (2023) 683–690
journal homepage: www.journals.elsevier.com/the-journal-of-nutrition
Nutrient Physiology, Metabolism, and Nutrient-Nutrient Interactions
Contrasting Carbohydrate Quantity and Quality and the Effects on
Plasma Saturated and Monounsaturated Fatty Acids in Healthy Adults:
A Randomized Controlled Trial

Mohammed F. Bajahzer 1,2, Fredrik Rosqvist 1, Michael Frid�en 1, David Iggman 1, Ronnie Pingel 1,
Matti Marklund 1,3,4, Ulf Ris�erus 1,*

1 Department of Public Health and Caring Sciences, Clinical Nutrition and Metabolism, Uppsala University, Uppsala, Sweden; 2 Department of
Clinical Nutrition, Faculty of Applied Medical Sciences, Jazan University, Jazan, Saudi Arabia; 3 The George Institute for Global Health, Faculty of
Medicine, UNSW Sydney, Sydeny, New South Wales, Australia; 4 Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA
A B S T R A C T

Background: It is unclear whether moderate differences in dietary carbohydrate quantity and quality influence plasma FAs in the lipogenic
pathway in healthy adults.
Objectives: We investigated the effects of different carbohydrate quantities and quality on plasma palmitate concentrations (primary
outcome) and other saturated and MUFAs in the lipogenic pathway.
Methods: Twenty healthy participants were randomly assigned, and 18 (50% women; age: 22–72 y; BMI: 18.2–32.7 kg/m2 and BMI was
measured in kg/m2) started the cross-over intervention. During each 3-wk period (separated by a 1-wk washout period), 3 diets were
consumed (all foods provided) in random order: low-carbohydrate (LC) (38% energy (E) carbohydrates, 25–35 g fiber/d, 0% E added
sugars); high-carbohydrate/high-fiber (HCF) (53% E carbohydrates, 25–35 g fiber/d, 0% E added sugars); and high-carbohydrate/high-
sugar (HCS) (53% E carbohydrates, 19–21 g fiber/d, 15% E added sugars). Individual FAs were measured proportionally to total FAs by
GC in plasma cholesteryl esters, phospholipids, and TGs. False discovery rate–adjusted repeated measures ANOVA [ANOVA-false discovery
rate (FDR)] was used to compare outcomes.
Results: The self-reported intakes of carbohydrates and added- and free sugars were; 30.6% E and 7.4% E in LC, 41.4% E and 6.9% E in
HCF, and 45.7% E and 10.3% in HCS. Plasma palmitate did not differ between the diet periods (ANOVA FDR P > 0.43, n ¼ 18). After HCS,
myristate concentrations in cholesterol esters and phospholipids were �19% higher than LC and �22% higher than HCF (P ¼ 0.005). After
LC, palmitoleate in TG was 6% lower compared with HCF and 7% compared with HCS (P ¼ 0.041). Body weight differed (�0.75 kg)
between diets before FDR correction.
Conclusions: Different carbohydrate quantity and quality do not influence plasma palmitate concentrations after 3 wk in healthy Swedish
adults, whereas myristate increased after the moderately higher intake of carbohydrate/high-sugar, but not carbohydrate/high-fiber.
Whether plasma myristate is more responsive than palmitate to differences in carbohydrate intake requires further study, especially
considering that participants deviated from the planned dietary targets. J Nutr 20XX;xx:xx–xx.
This trial was registered at clinicaltrials.gov as NCT03295448.
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Introduction

The composition of FAs in circulating lipids has been proven
useful as a biomarker of dietary fat quality [1]. Some PUFA in
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novo lipogenesis (DNL) [2]. During dietary conditions of low-fat
and positive energy balance, DNL is stimulated by insulin and
is driven by excess carbohydrates [3, 4]. DNL could also be
induced according to the quality of carbohydrates, as it has been
suggested that simple sugar, for example, glucose, exerts a
stronger lipogenic stimulus when compared with starch [5].

Palmitate (16:0) is the main product of DNL, and it can be
utilized further to synthesize other FAs. A subsequent product of
16:0 desaturation is palmitoleate (16:1n-7), whereas the subse-
quent product of 16:0 elongation is stearate (18:0) that, in turn,
can be desaturated into oleate (18:1n-9) [4, 6–8]. The circulating
concentrations of 16:0 could be influenced to some extent by
typical SFA-rich foods (for example, butter and meat products)
[9]. However, some evidence suggests that circulating SFA, that
is, 16:0, and MUFAs potentially originating from endogenously
synthesized 16:0, may also reflect the amount and type of car-
bohydrates in the diet [5, 10–13].

Induced concentrations of DNL SFA, that is, 16:0, in circula-
tion have been observed to associate with cardiometabolic risk
[9, 14–16]. However, relating such risks to dietary SFA is un-
clear. Linking circulating concentrations of DNL SFA with their
dietary counterparts is inconclusive, given that they can also be
synthesized de novo from other nonfat nutrients. Interpreting
such findings is hampered by the inconclusive source of origin of
DNL SFA in circulation.

Hitherto, only some information exists on FA response to
changes in dietary carbohydrate quantity and/or quality, espe-
cially during energy balance [4, 10, 17]. Therefore, we aimed to
FIGURE 1. CONSORT flow diagram chart of the participants included in a
consolidated standards of reporting trials; HCF, high-carbohydrate fiber; H
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investigate if contrasting dietary carbohydrate quantity and
quality influences 16:0 and other DNL SFA and MUFA in
different plasma lipid fractions in a randomly assigned feeding
trial. We hypothesized that contrasting dietary carbohydrates
quantity and quality in the assigned diet periods would differ-
ently influence circulating concentrations of 16:0 and other FAs
in the DNL pathway.

Methods

This trial was conducted at Uppsala University Hospital,
Uppsala, Sweden. The intervention diets were prepared in the
metabolic kitchen of the Department of Food Studies, Nutrition,
and Dietetics at Uppsala University. This trial was approved by
the regional ethical review board in Uppsala, Sweden. The
Declaration of Helsinki principles were followed. All participants
gave written informed consent.

Participants
Participants were healthy men and women recruited from the

area of Uppsala through advertisements in local newspapers and
social media. Eligible subjects were invited to a screening ex-
amination (Figure 1). The inclusion criteria were age between
20–75 y and a BMI of 20–38 kg/m2 (BMI was measured in kg/
m2). Exclusion criteria were abnormal laboratory tests, diabetes,
cardiovascular, kidney, liver, or malignant disease, and weight
change of �3 kg during the preceding 3 mo of screening. Sub-
jects adhering to extreme diets, that is, ketogenic diet,
randomized, cross-over controlled study of 3 different diets. CONSORT,
CS, high-carbohydrate sugar; LC, low-carbohydrate.
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intermittent fasting, vegan diet, or allergic to gluten, were
excluded, and n ¼ 20 participants were randomly assigned
(Figure 1). A dietician from the research group estimated energy
requirements on an individual basis for the participants using the
Harris-Benedict formula [18] while accounting for activity level
[19]. Furthermore, the dietician instructed the participants
about their interventional diets, adherence to the diets, and
weight maintenance. The participants were also instructed to
report their habitual food intake during the run-in period of 1 wk
using a 4-d food record and to report any deviations or addition
during the interventional diet periods. Additionally, participants
were informed to maintain their habitual alcohol consumption
and physical activity throughout the trial and discouraged from
strenuous activity 48 h prior to measurement; however, physical
activity was not monitored. One of the investigators located
outside Sweden did the allocation sequence (blinded to all other
investigators and participants). The study coordinator enrolled
the participants, and the principal investigator assigned the
participants to the intervention accordingly.
Study design
In this randomly assigned cross-over trial, participants were

randomly assigned into 6 different sequences to complete 3 3-wk
isocaloric diet periods. The interventional diets are presented in
Table 1 and were categorized on the basis of the carbohydrate
quality and macronutrient energy composition of daily intake to
a 1) Diet low in carbohydrates (LC) (38% energy (E) carbohy-
drates, 25–35 g fiber/d, 0% added sugars), 2) Diet moderately
high in carbohydrates and fiber (HCF) (53% E carbohydrates,
25–35 g fiber/d, 0% added sugars), and 3) Diet moderately high
in carbohydrates and refined sugars (HCS) (53% E carbohy-
drates, 18.6–21.4 g fiber/d, 15% free- and added sugars). The
carbohydrate content of LC represented the lowest quartile of
carbohydrate intake in the Swedish population, assessed in the
population-based dietary survey conducted in 2010–2011 [20],
whereas HCF and HCS had a carbohydrate content compared
with the highest quartile of carbohydrates intake in the popu-
lation [20]. The fiber intake goal in the LC and HCF diets was
based on the Nordic Nutrition Recommendations [21], stating
TABLE 1
Nutrient composition of the planned and self-reported dietary intake after

Nutrients LC

Planned Reported P

Carbohydrate, %E 38 30.6 (1.4)
Added sugars, % E1 0 7.4 (1.0)
Fiber, (g/d)2 25–353 26.5 (1.7) 2

Protein, %E 15 14.7 (0.5)
Fat, %E 45 49.6 (1.7)

SFA, %E 10 22.1 (0.9)
MUFA, %E 30 12.7 (0.5)
PUFA, %E 5 4.3 (0.1)

Total energy intake (kcal/d) 2075.0 (173.6)

E%, energy percentage; HCF, high-carbohydrate fiber; HCS, high-carbohyd
presented as mean (SD) percentage energy intake, n ¼ 18. 1This is the amou
intake; however, the HCS diet also contained more free sugars because of th
as the mean (SD) of total fiber intake in grams per day. 3The recommended fi

We chose to use this range so the diets would be compatible with the Nordi
individual differences in total food- and energy intake. 4The fiber intake goa
Swedish population based on Amcoff et al. [20] (population-based survey
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that this range (25–35g/d) is recommended for a healthy diet.
We chose to use this range so the diets would be compatible with
the Nordic Nutrition Recommendations but still allow some
flexibility because of individual differences in total food- and
energy intake. The fiber intake goal in the HCS diet was based on
the actual consumption of fiber in the adult Swedish population
based on the population-based dietary survey [20]. The HCS diet
was designed to contain higher concentrations of primarily
added sugars, but free sugar concentrations were also higher
because of the higher content of, for example, orange juice. Thus,
the HCS diet is best described as a diet with increased content of
both free and added sugars.

Dietary intervention
All foods in the prescribed diets were provided to participants

(Supplemental Table 1). Apart from the commercially available
food items, all meals were prepared at the metabolic kitchen (the
Department of Food Studies, Nutrition, and Dietetics at Uppsala
University), packaged and stored at the university, and collected
by participants every week.

Each participant consumed 1 of the intervention diets for 3
wk, followed by a 1-wk washout period, where the participant
consumed his habitual diet before proceeding to the next inter-
vention diet in sequence. The study started the intervention in
October 2017, and the last participants finished in June 2018.

Measures of adherence
Participants’ habitual dietary intakes were assessed using 4-

d food records at baseline. During each diet period, the partici-
pants provided reports of foods added or skipped to their pre-
scribed diets. These deviation reports were used to assess the
level of adherence to the study diets. In addition, any deviation
from the prescribed diets was computed in the analysis of dietary
intake and energy calculations to compare the diets. Dietary
intake and the reported nutritional values, as well as energy
calculations, were computed on the basis of the software Dietist
Net Pro (Kost och N€aringsdata Aktiebolag) and the food
composition database version 17, February 2016) from the
Swedish National Food Administration.
the 3 diets

HCF HCS

lanned Reported Planned Reported

53 41.4 (1.4) 53 45.7 (1.1)
0 6.9 (0.5) 15 10.3 (0.7)

5–353 32.7 (1.0) 18.6–21.44 23.6 (1.6)
15 13.9 (0.3) 15 13.2 (0.5)
30 44.9 (1.6) 30 40.8 (1.1)
10 20.3 (0.8) 10 17.9 (0.4)
15 10.6 (0.6) 15 9.9 (0.5)
5 3.8 (0.2) 5 3.6 (0.4)

2071.1 (131.9) 2302.2 (134.5)

rate sugar; LC, low-carbohydrate. The reported dietary intake data are
nt of added sugars as reported by the software used to calculate dietary
e higher intake of, for example, orange juice. 2Fiber intake is presented
ber intake is according to the Nordic Nutrition Recommendations [21].
c Nutrition Recommendations but still allow some flexibility because of
l in the HCS diet is based on the actual consumption of fiber in the adult
of the National Food Agency).
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Plasma FAs measurements
Blood samples were collected from the participants at the end

of each diet period, after a 10 h fast. Plasma concentrations of
glucose, TGs, total cholesterol, LDL cholesterol, HDL cholesterol,
and serum insulin concentrations were measured by routine
laboratory methods at Uppsala University Hospital. Plasma
samples were stored at �80�C. Plasma FA composition was
measured in cholesteryl esters (CEs), phospholipids (PLs), and
TGs by GC, as previously described [22]. Briefly, plasma lipids
were extracted using the Folch method (chloroform/methanol
mixture), and lipid fractions were separated using thin-layer
chromatography, and thereafter they were removed from the
plates and prepared for GC analysis using (Agilent Technologies
system, 7890B). FAs are expressed as the proportion of total FAs
in plasma CE, PL, and TG lipid fractions. The stearoyl-CoA
desaturase-1 (SCD1) index was estimated as the
product-to-precursor ratio of 16:1n-7/16:0.
Outcome measures
The primary outcome of this study was plasma 16:0 in plasma

CE, PL, and TG lipid fractions (determined by GC analysis).
Secondary outcomes included myristate (14:0), 16:1n-7, 18:0,
and 18:1n9 in plasma CE, PL, and TG lipid fractions (determined
by GC analysis). The tertiary outcome was the SCD1 index
(determined as the ratio of 16:1n-7/16:0 from the GC analysis).
All outcomes were measured 3 times: at the end of each dietary
intervention period of the 3 randomly assigned dietary periods.
GC analysis was the primary assessment method.
Statistical analysis
Based on our previous randomly assigned isocaloric studies

using dietary fat modifications [23–25] and previous non-
randomly assigned hypocaloric studies [17], at least n ¼ 11 sub-
jects were needed to detect a clinically relevant 1%within-subject
change between diet periods in CE 16:0 (with the presets specified
as P<0.05 significance level, 80% power, 0.76 error variance, and
0.37 correlation) computed using Stata version 13 (StataCorp
LCC) “power repeated” command. A permuted block design was
utilized (n ¼ 6 per block, that is, each sequence once per block)
with a computer random number generator. The allocation
sequence, describing the order of the diet periods (where diet
periods were coded as A, B, or C) with a decoded allocation list,
was sent after the trial to the statistician for analysis. To test for
differences between the diet periods, we used repeated measures
ANOVA, which included a period effect using Stata version 15
TABLE 2
Baseline characteristics of the study participants

Sex, n (%)
Male 9 (50.0)
Female 9 (50.0)

Age, y 47.44 (16.3)
Weight, kg 72.72 (16.45)
Height, cm 172.72 (10.27)
BMI, kg/m2 24.12 (3.62)
Plasma insulin, mU/L 8.43 (4.23)
Plasma glucose, mmol/L 5.58 (0.36)
Plasma TGs, mmol/L 0.94 (0.43)

Data values are presented as mean (SD) for the numerical data and
counts (%) for the categorical data, n ¼ 18.
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“pkcross” command. According to the recommendations of Senn
[26], no test for carry-over was performed. Marginal means with
corresponding SD were calculated using the ANOVA, and the
crude P value (P) was reported herein to discuss the primary
outcome. A P value of <0.05 was considered statistically signifi-
cant. The false discovery rate (FDR) method was used to correct
for multiple testing andwas reported herein as P values (FDR P) to
report outcomes other than the primary. Pair-wise comparisons of
means FDR P values were computed on the basis of 3 comparisons
as a post hoc analysis after each ANOVA. R version 3.5.1 with
packages car, multcomp, and emmeans were used to estimate the
marginal means. All computed P values were corrected using the
Benjamini-Hochberg false discovery rate to correct for multiple
testing [27]. Correction estimates were performed using RStudio
version 1.4.1717 (RStudio, Inc.).
Results

The baseline characteristics of the participants are presented in
Table 2. The study populationwas normal-weight and healthy as a
group, all were Swedish Caucasians, and none of the participants
were smokers. Out of 20 randomly assigned participants, (n ¼ 2)
dropped out after the randomization but before starting any of the
intervention diet periods (Figure 1). One additional participant
dropped out during the HCF diet period. Thus, in total, 17 partic-
ipants completed the whole intervention (all 3 diet periods), but
the data of 18 participants were included in the statistical analysis.
Nutrient compositions of the achieved dietary intakes are pre-
sented in Table 1. As shown, the diet periods particularly differed
in carbohydrate quantity, with an expected lower intake in the LC
diet as compared with HCF and HCS diet periods (Table 1). As
expected, compared with the other 2 diet periods, total fat intake
was greater during LC, fiber intake was greater during HCF, and
sugar intakewasgreater during theHCSdiet. The total daily energy
intake was overall fairly balanced between diet periods but was
226–230 kcal/d higher during HCS than the other diet periods
(Table 1). There was a modest �0.75 kg difference (P ¼ 0.012) in
body weight between diet periods, where weight was higher after
HCS comparedwith the other diet periods (Supplemental Table 2).
Theweight difference between the diet periodswas abolished after
FDR correction (FDR P ¼ 0.059) (Supplemental Table 2). There
were no significant differences in plasma glucose, TGs, total
cholesterol, LDL cholesterol, HDL cholesterol, and insulin between
the diet periods (Supplemental Table 2).
Impact of diets on FA concentrations and estimated
desaturase activity

The 16:0 plasma concentrations did not differ significantly in
CE (P ¼ 0.437), PL (P ¼ 0.483), and TG (P ¼ 0.594) after the
consumption of the 3 diets Table 3. Concentrations of 14:0 after
HCS were consistently higher than in LC (0.14 in CE and 0.07 in
PL) and HCF (0.17 in CE and 0.09 in PL). This increase in 14:0
concentrations after HCS remained significant even after cor-
recting for multiple comparisons (in CE and PL, FDR P ¼ 0.005).
Contrary, concentrations of 14:0 did not differ between diet
periods in TG (FDR P ¼ 0.095) (Table 3). Concentrations of
16:1n-7 were higher in TG after HCF (0.23) and HCS (0.19) than
in LC, even after correcting for multiple comparisons (FDR P ¼
0.041) (Table 3). Contrary, concentrations of 16:1n-7 after HCS



TABLE 3
FAs in plasma lipid fractions at baseline and after each interventional diet

FAs in three lipid fractions Baseline Interventional diets

LC HCF HCS ANOVA P ANOVA FDR P

Cholesteryl esters
14:0 0.74 (0.08) 0.70 (0.11)1 0.66 (0.12)2 0.83 (0.21)3 0.001 0.005
16:0 10.68 (0.36) 10.85 (0.67)1 10.78 (0.6)1 10.9 (0.68)1 0.340 0.437
16:1n-7 2.23 (0.35) 2.00 (0.4)1 2.09 (0.52)2 2.21 (0.38)1 0.046 0.084
18:0 0.83 (0.09) 0.85 (0.16)2 0.81 (0.17)3 0.79 (0.11)1 0.046 0.084
18:1n-9 21.55 (0.94) 21.8 (1.67)1 22.05 (1.51)1 21.67 (1.8)1 0.565 0.598
SCD1 index 0.21 (0.06) 0.18 (0.04)1 0.19 (0.05)2 0.2 (0.04)1 0.040 0.084
Phospholipids
14:0 0.43 (0.07) 0.36 (0.07)1 0.35 (0.06)2 0.43 (0.14)3 0.001 0.005
16:0 28.07 (0.55) 28.11 (0.73)1 28.14 (0.93)1 28.36 (0.88)1 0.402 0.483
16:1n-7 0.43 (0.05) 0.4 (0.06)2 0.43 (0.09)3 0.43 (0.08)1 0.021 0.060
18:0 13.59 (0.45) 13.41 (0.7)1 13.43 (0.82)1 0.79 (0.11)1 0.954 0.954
18:1n-9 11.95 (0.42) 12.08 (0.72)2 12.43 (0.67)1 12.06 (0.78)3 0.010 0.043
SCD1 index 0.02 (0.0) 0.01 (0.0)2 0.02 (0.0)3 0.02 (0.0)1 0.023 0.060
Triglycerides
14:0 2.25 (0.42) 1.79 (0.69)1 1.65 (0.45)1 2.12 (1.34)1 0.058 0.095
16:0 24.52 (0.89) 24.6 (1.75)1 24.05 (2.1)1 24.76 (2.3)1 0.528 0.594
16:1n-7 3.22 (0.37) 3.11 (0.79)2 3.33 (0.9)3 3.31 (0.83)1 0.007 0.041
18:0 3.88 (0.27) 3.67 (0.65)1 3.47 (0.59)1 3.59 (0.59)1 0.280 0.387
18:1n-9 45.01 (1.26) 46.68 (1.79)1 47.16 (1.63)1 46.09 (3.17)1 0.184 0.276
SCD1 index 0.13 (0.03) 0.13 (0.04)2 0.14 (0.04)1 0.14 (0.04)1 0.012 0.044

FDR, false discovery rate; HCF, high-carbohydrate fiber; HCS, high-carbohydrate sugar; LC, low-carbohydrate; SCD1, stearoyl-CoA desaturase-1.
Plasma FAs are presented as the percentage of total FAs measured in each lipid fraction; values are means (SD), n¼ 18. Repeated measures ANOVA
were computed with period and subject-specific effects to compare the change in the proportions of the investigated FAs in plasma lipid fractions
between the interventional diets. The P values are crude (ANOVA P) and false discovery rate–adjusted P values (ANOVA FDR P) based on 18 tests.
Within a row, dietary periods without a common numeral superscript differ (P < 0.05) as per the calculated FDR P values based on 3 comparisons
after each ANOVA.
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did not differ compared with HCF in the 3 lipid fractions, nor
after HCF compared with LC in CE and PL (Table 3). The index of
desaturase activity SCD1 was higher (P < 0.05) after HCS
compared with LC in CE and PL and after HCF compared with LC
in TG, but only the latter difference was significant between the
groups and remained after correcting for multiple comparisons
(FDR P ¼ 0.044) (Table 3). No clear patterns of diet-induced
effects on 18:0 and 18:1n-9 were observed across lipid frac-
tions (Table 3). Further effects of the interventional diet periods
on exploratory FAs in the investigated lipid fractions are shown
in Supplemental Table 3. We further adjusted for the weight
change during diet periods in a post hoc sensitivity analysis to
assess its influence on the investigated FAs, with results overall
similar to the primary analysis (Supplemental Table 4).

Discussion

In this randomly assigned cross-over trial, the utilized
contrast in carbohydrate quantity and quality did not impact
plasma 16:0 in CE, PL, and TG. On the contrary, this contrast in
the quantity and quality of carbohydrates induced levels of
myristate (14:0) in CE and PL, and levels of palmitoleate (16:1n-
7) in TG, even after correcting for multiple comparisons. The
significant difference between the groups in the estimated SCD1
activity in the 3 lipid fractions did not remain after correcting for
multiple testing. The levels of 18:0 and 18:1n-9 showed incon-
sistent differences across the 3 lipid fractions, but differences did
not remain after correction for multiple testing.

In trials with healthy subjects, excessive compared with
moderate carbohydrate diets [6-wk; 63.5% E compared with
46.2% E [28], and 4-wk; 65% E compared with 40% E [29]]
687
increased circulating concentrations of 14:0, 16:0, and 16:1n-7
in plasma PL and CE [28, 29]. Similarly, in obese subjects,
14:0 and 16:1n-7 in plasma TG and PL, and 16:0 in plasma TG
alone, increased proportionally to the carbohydrate content (6%
E compared with 32% E compared with 57% E) of the feeding
diets [30]. Importantly, those feeding trials compared different
diets in which the proportion of carbohydrates in
high-carbohydrate diets was considerably higher (57%–65% E)
than what is typically observed in many populations and
compared with the test diets of the present study. In a study
where participants were fed controlled diets mimicking their
habitual intakes (mean of 45% E from carbohydrates), 16:0 in
serum PL was not associated with carbohydrate intake [31].
Such carbohydrate intakes are less likely to induce DNL
compared with higher carbohydrate intakes [32]. Consistent
with this, 16:0, the primary DNL product, did not increase in the
present trial in response to the HCF or HCS compared with the LC
diet. However, the achieved proportions of carbohydrate intakes
were lower after all diets than planned, but in HCF and HCS, the
intakes were close to the average intake in many European
populations, including Sweden [20]. Notably, because the car-
bohydrate intake in LC was also lower than planned, there was
still a contrasting total carbohydrate intake (>10% E) between
the LC, HCF, and HCS, respectively. Concentrations of 14:0 and
16:1n-7 were significantly affected by contrasting carbohydrate
quantity and quality. Concentrations of 14:0 seemed specifically
influenced by dietary sugar content regardless of multiple tests
correction in 2 fractions. Contrary, although 16:1n-7 appeared
responsive to dietary carbohydrate quantity, it remained so only
in TG after multiple tests correction. This is in line with the
findings of a trial in obese subjects, where 14:0 and 16:1n-7, but
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not 16:0, increased in plasma PL, CE, and TG, parallel to the
progressive increase in dietary carbohydrates [33]. However, it
is unclear whether such changes in FA concentrations reflect
DNL; a recent study showed that plasma VLDL-TG 14: 0 was the
FA most strongly correlated with fasting hepatic DNL during
habitual dietary conditions, whereas 16: 1n-7 and the SCD1
index did not correlate significantly with DNL [34].

Observational studies provide another line of evidence link-
ing dietary carbohydrates with circulating FAs. In a cross-
sectional population-based sample of Swedish men, habitual
carbohydrate intake (IQR 40%–48% E) was inversely associated
with the abundance of 16:0 in plasma PL [35]. In a cohort of
elderly men and women with a relatively high-carbohydrate
intake (54% � 7% E), carbohydrate intake was predicted to be
16:0 in plasma PL [36]. On the other side, plasma PL 14:0 was
the FA explaining most of the variation (15.5%) in carbohydrate
intake in postmenopausal women, whereas the abundance of
16:1n-7 was not associated with carbohydrate intake [31].
Taken together, it can be speculated that habitual carbohydrate
intake, at concentrations typically observed in many populations
[20, 37], is not likely to be a major determinant of 16:0 in
circulating lipid fractions when compared with lower carbohy-
drate intake. A lack of increase in 16:0 concentrations after
higher carbohydrate intake is in line with previous suggestions
that 16:0 seems to be tightly regulated to avoid excess cellular
concentrations of 16:0, possibly to prevent lipotoxicity [38].
Although concentrations of 14:0 and 16:1n-7, as well as the
SCD1 index in circulating lipid fractions, may not associate with
hepatic DNL per se during habitual dietary conditions in a
cross-sectional setting [34], our interventional data during
short-term conditions in combination with previous findings do
suggest that increased concentrations of 14:0, and to some extent
16:1n-7 reflect the increased intake of carbohydrate/sugars,
possibly as a consequence of up-regulated hepatic DNL activity.
Notably, however, 16:0 and 14:0 may also increase in response
to the intake of SFA [23, 24, 39] when compared with unsatu-
rated fats [38] and should thus be interpreted cautiously. Thus,
these FAs seem to be biomarkers of both SFA and carbohydrates,
dependent on dietary intake and population.

Circulating concentrations of 18-carbon SFA and MUFA, that
is, 18:0 and 18:1n-9, were inconsistent across lipid fractions in
the present trial. The reported response of plasma 18:0 and
18:1n-9 in lipid fractions to dietary carbohydrates in the litera-
ture is contradicting. In a trial with excessive carbohydrate
intake, 18:0 increased in plasma CE alone, whereas 18:1n-9
increased in plasma CE and PL [28]. Whereas, in a similar trial
with excessive carbohydrate intake, 18:1n-9 increased in plasma
CE alone, and 18:0 was relatively unaffected [29]. Furthermore,
proportional to the increase in dietary carbohydrates, plasma TG
18:0 and 18:1n-9 decreased, but plasma PL 18:1n-9 alone
increased [30]. Moreover, a stepwise progressive increment in
dietary carbohydrates increased plasma PL 18:0, whereas
18:1n-9 was relatively unaffected across lipid fractions [33]. It
was recently reported that the abundance of 18:0 in plasma PL,
CE, and RBC was positively associated with fasting hepatic DNL
in 21 men consuming their habitual diet, whereas the abundance
of 18:1n-9 was less clearly associated [34]. Taken together,
available evidence does not support the use of 18:0 or 18:1n-9 as
reliable markers of dietary carbohydrate quantity or quality
[40].
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There are some limitations in this study. One limitationwas the
relatively short intervention period, which might not be directly
extrapolated to long-term conditions, and thus further research is
warranted. However, as a highly controlled feeding protocol was
necessary to investigate the current aim, it would not be feasible
to use much longer diet periods in a cross-over design evaluating
the 3 provided interventional diets. For the same reason, we
choose to have a fairly short (1 wk) washout period to limit the
overall study period. However, it cannot be excluded that there
was a possible carry-over effect, although the samples were drawn
at the end of the 3-wk periods. Furthermore, plasma FA compo-
sition is known to be altered rapidly (that is, within a few days in
TGs) in response to FA intake [39], but the effects of carbohydrate
intake on DNL-derived SFAs might not be comparable. Another
study limitation was apparent deviations from the prescribed
diets, at least as judged from self-reported data (for example, 38%
E compared with 30.6% E in LC, 53% E compared with 41.4% E in
HCF, and 53% E compared with 45.7% E in HCS that were the
planned compared with reported total dietary carbohydrate,
respectively), indicating the challenge with achieving diet
adherence in diet trials, even when all foods were provided. It was
a challenge to provide a strict meal and food plan for free-living
participants and assure that they consumed all meals and did
not deviate from or add foods or snacks to the prescribed diets.
Indeed, some participants complained about the palatability of
certain meals/dishes, which could have impacted dietary adher-
ence. Consequently, a deficit in the total nutrient composition in
the LC diet was noted, which may indicate both adherence and
misreporting issues, as well as incomplete data for some food
items in the food composition database. Nonetheless, significant
differences between the diets in total carbohydrates, sugar, and
fiber were still evident, but still, the current results warrant careful
interpretation as theymight not reflect the planned macronutrient
composition but rather the achieved diet. Another possible con-
founding factor might be the modest (�0.75 kg) mean difference
in body weight observed between the diets. However, this weight
difference did not persist after correcting for the multiple testing.
Furthermore, adjusting for body weight had no substantial impact
on the overall results. However, the weight-adjusted results
should be interpreted with caution because of risk of collider bias
if mediator-outcome confounding is present. Furthermore, our
primary causal effect of interest was estimating the effect of
random assignment to diet at baseline, thereby adjusting for
weight change during the intervention revokes the baseline
randomization and would yield partial effect and estimates for
which the study was not designed or powered. It should also be
noted that we lacked data on physical activity. Finally, it would
have been useful to have had the precise FA composition data of
the included foods in each diet, as possible differences between
diets in, for example, palmitate intake might be a bias in our
findings, which are additional limitations in the study. Strengths
of the study include the randomly assigned cross-over design in
free-living individuals, a low dropout rate, equal sex distribution,
a controlled feeding setting coupledwith 4-d food records and diet
deviation reports, targeting carbohydrate intake concentrations
relevant to this population, and the assessment of plasma FAs
changes in 3 different lipid fractions. The interventional diets in
the present study were composed of ordinary, whole food items as
typically consumed and not with specifically designed products;
thus, the diets were not matched at the FA concentration (for
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example, for contents of not 16:0, 14:0, and 18:0). Additionally,
we accounted for increased risk of chance findings as a result of
conducting several statistical tests by considering the correction
for multiple testing in the secondary and exploratory outcomes.

In conclusion, although the participants deviated from the
prescribed diets according to self-reported data, and therefore the
results need cautious interpretation, the current moderate alter-
ations in dietary carbohydrate quantity and quality did not in-
fluence the abundance of plasma 16:0. Thus, we found no clear
evidence that carbohydrate intake at concentrations typically
seen in this Swedish normal-weight population is a major deter-
minant of circulating 16:0. Instead, 16:1n-7 and SCD1 index
increased across the investigated fractions in response to higher
carbohydrate intakes, as also suggested by some previous studies,
but this difference was currently abolished after adjustment for
multiple testing, except in TG. Increased abundance of 14:0 in CE
and PL by the high-sugar diet but not the high-fiber diet was
robust even after multiple testing, thereby is a novel finding that
requires further study. These results need to be confirmed in
obese individuals with insulin resistance or type 2 diabetes.

Funding

This study was supported by FORMAS - a Swedish Research
Council for Sustainable Development (2016-01639), Swedish
Research Council for Health, Working Life and Welfare, Family
Ernfors Foundation, Dr. P Håkanssons Stiftelse, Excellence in
Diabetes Research in Sweden (EXODIAB), Lantm€annen Research
Foundation.

Author disclosures

MFB was supported by Jazan University, Saudi Arabia, for
financial and scholarship as a doctoral student. All other authors
report no conflicts of interest.

Data Availability

The data in this study can be provided by the corresponding
author upon reasonable request.

Acknowledgments

We thank Karin Aldin for the design and preparation of the
test diets and meals, Marie Berglund for help with study logistics,
Barbo Simu and Frida Svedin for preparing test meals, and Lil-
lemor K€allstr€om for FA analyses.

The authors’ responsibilities were as follows: UR, MM, and FR
designed the research. MF, MFB, FR, MM, and DI conducted the
research. RP and MFB analyzed the data. MFB wrote the first
draft. UR was primarily responsible for the final content and
conceived the study concept. All authors reviewed, provided
intellectual input, revised, and approved the final manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http
s://doi.org/10.1016/j.tjnut.2023.01.005.
689
References

[1] L. Hodson, C.M. Skeaff, B.A. Fielding, Fatty acid composition of adipose
tissue and blood in humans and its use as a biomarker of dietary intake,
Prog Lipid Res 47 (5) (2008) 348–380.

[2] D. Iggman, U. Ris�erus, Role of different dietary saturated fatty acids for
cardiometabolic risk, Clin Lipidol 6 (2) (2011) 209–223.

[3] G. Carta, E. Murru, S. Banni, C. Manca, Palmitic acid: physiological role,
metabolism and nutritional implications, Front Physiol 8 (2017) 902.

[4] F. Ameer, L. Scandiuzzi, S. Hasnain, H. Kalbacher, N. Zaidi, De novo
lipogenesis in health and disease, Metabolism 63 (7) (2014) 895–902.

[5] L.C. Hudgins, C.E. Seidman, J. Diakun, J. Hirsch, Human fatty acid
synthesis is reduced after the substitution of dietary starch for sugar, Am
J Clin Nutr 67 (4) (1998) 631–639.

[6] J.M. Collins, M.J. Neville, K.E. Pinnick, L. Hodson, B. Ruyter, T.H. van
Dijk, et al., De novo lipogenesis in the differentiating human adipocyte
can provide all fatty acids necessary for maturation, J Lipid Res 52 (9)
(2011) 1683–1692.

[7] S. Paglialunga, C.A. Dehn, Clinical assessment of hepatic de novo
lipogenesis in non-alcoholic fatty liver disease, Lipids Health Dis 15 (1)
(2016) 159–160.

[8] G. Solinas, J. Bor�en, A.G. Dulloo, De novo lipogenesis in metabolic
homeostasis: more friend than foe? Mol Metab 4 (5) (2015) 367–377.

[9] N.G. Forouhi, A. Koulman, S.J. Sharp, F. Imamura, J. Kr€oger,
M.B. Schulze, et al., Differences in the prospective association between
individual plasma phospholipid saturated fatty acids and incident type 2
diabetes: the EPIC-InterAct case-cohort study, Lancet Diabetes
Endocrinol 2 (10) (2014) 810–818.

[10] P.W. Siri-Tarino, S. Chiu, N. Bergeron, R.M. Krauss, Saturated fats
versus polyunsaturated fats versus carbohydrates for cardiovascular
disease prevention and treatment, Annu Rev Nutr 35 (2015) 517–543.

[11] D. Mozaffarian, H. Cao, I.B. King, R.N. Lemaitre, X. Song, D.S. Siscovick,
et al., Circulating palmitoleic acid and risk of metabolic abnormalities
and new-onset diabetes, Am J Clin Nutr 92 (6) (2010) 1350–1358.

[12] J.H. Wu, R.N. Lemaitre, F. Imamura, I.B. King, X. Song, D. Spiegelman,
et al., Fatty acids in the de novo lipogenesis pathway and risk of
coronary heart disease: the Cardiovascular Health Study, Am J Clin
Nutr 94 (2) (2011) 431–438.

[13] I.J. Lodhi, X. Wei, C.F. Semenkovich, Lipoexpediency: de novo
lipogenesis as a metabolic signal transmitter, Trends Endocrinol Metab
22 (1) (2011) 1–8.

[14] N.R. Matthan, E.M. Ooi, L. Van Horn, M.L. Neuhouser, R. Woodman,
A.H. Lichtenstein, Plasma phospholipid fatty acid biomarkers of dietary
fat quality and endogenous metabolism predict coronary heart disease
risk: a nested case-control study within the Women’s Health Initiative
observational study, J Am Heart Assoc 3 (4) (2014), e000764.

[15] W. Qureshi, I.D. Santaren, A.J. Hanley, S.M. Watkins, C. Lorenzo,
L.E. Wagenknecht, Risk of diabetes associated with fatty acids in the de
novo lipogenesis pathway is independent of insulin sensitivity and
response: the Insulin Resistance Atherosclerosis Study (IRAS), BMJ
Open Diabetes Res Care 7 (1) (2019), e000691.

[16] F. Imamura, A.M. Fretts, M. Marklund, A.V. Ardisson Korat, W.S. Yang,
M. Lankinen, et al., Fatty acids in the de novo lipogenesis pathway and
incidence of type 2 diabetes: a pooled analysis of prospective cohort
studies, PLOS Med 17 (6) (2020), e1003102.

[17] M. Inoue, N. Senoo, T. Sato, Y. Nishimura, T. Nakagawa, N.Miyoshi, et al.,
Effects of thedietary carbohydrate-fat ratio onplasmaphosphatidylcholine
profiles in human and mouse, J Nutr Biochem 50 (2017) 83–94.

[18] J.A. Harris, F.G. Benedict, A biometric study of human basal
metabolism, Proc Natl Acad Sci U S A 4 (12) (1918) 370–373.

[19] P.S. Shetty, C.J. Henry, A.E. Black, A.M. Prentice, Energy requirements
of adults: an update on basal metabolic rates (BMRs) and physical
activity levels (PALs), Eur J Clin Nutr 50 (suppl 1) (1996) S11–23.

[20] E. Amcoff, A. Edberg, H. Enghardt Barbieri, A. Lindroos, C. N€als�en,
M. Pearson, Riksmaten 2010-2011. Food and Nutrient Intake Among
Adults in Sweden Uppsala [Internet], Swedish National Food Agency,
2012 [2017-10-12, 2022-05-18].

[21] [Internet], Nordic Nutrition Recommendations 2012: Integrating
Nutrition and Physical Activity, Nordic Council of Ministers, 2014
[2014-03-11, 2022-11-23].

[22] F. Rosqvist, H. Bjermo, J. Kullberg, L. Johansson, K. Micha€elsson,
H. Ahlstr€om, et al., Fatty acid composition in serum cholesterol esters and
phospholipids is linked tovisceral and subcutaneous adipose tissue content
in elderly individuals: a cross-sectional study, Lipids Health Dis 16 (1)
(2017) 68–69.

https://doi.org/10.1016/j.tjnut.2023.01.005
https://doi.org/10.1016/j.tjnut.2023.01.005
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref1
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref1
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref1
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref1
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref2
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref2
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref2
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref2
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref3
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref3
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref4
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref4
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref4
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref5
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref5
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref5
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref5
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref6
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref6
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref6
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref6
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref6
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref7
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref7
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref7
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref7
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref8
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref8
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref8
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref8
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref9
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref9
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref9
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref9
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref9
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref9
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref9
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref10
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref10
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref10
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref10
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref11
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref11
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref11
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref11
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref12
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref12
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref12
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref12
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref12
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref13
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref13
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref13
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref13
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref14
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref14
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref14
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref14
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref14
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref15
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref15
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref15
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref15
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref15
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref16
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref16
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref16
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref16
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref17
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref17
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref17
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref17
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref18
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref18
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref18
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref19
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref19
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref19
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref19
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref20
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref20
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref20
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref20
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref20
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref20
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref21
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref21
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref21
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref22
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref22
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref22
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref22
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref22
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref22
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref22
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref22


M.F. Bajahzer et al. The Journal of Nutrition 153 (2023) 683–690
[23] E. Warensj€o, U. Ris�erus, I.B. Gustafsson, R. Mohsen, T. Cederholm,
B. Vessby, Effects of saturated and unsaturated fatty acids on estimated
desaturase activities during a controlled dietary intervention, Nutr
Metab Cardiovasc Dis 18 (10) (2008) 683–690.

[24] H. Bjermo, D. Iggman, J. Kullberg, I. Dahlman, L. Johansson, L. Persson,
et al., Effects of n-6 PUFAs compared with SFAs on liver fat,
lipoproteins, and inflammation in abdominal obesity: a randomized
controlled trial, Am J Clin Nutr 95 (5) (2012) 1003–1012.

[25] D. Iggman, I.B. Gustafsson, L. Berglund, B. Vessby, P. Marckmann,
U. Ris�erus, Replacing dairy fat with rapeseed oil causes rapid
improvement of hyperlipidaemia: a randomized controlled study,
J Intern Med 270 (4) (2011) 356–364.

[26] S. Senn, Cross-over trials in clinical research, 2nd Edition, John Wiley &
Sons, New York, 2002.

[27] Y. Benjamini, Y. Hochberg, Controlling the false discovery rate: a
practical and powerful approach to multiple testing, J R Stat Soc B 57
(1) (1995) 289–300.

[28] I.B. King, R.N. Lemaitre, M. Kestin, Effect of a low-fat diet on fatty acid
composition in red cells, plasma phospholipids, and cholesterol esters:
investigation of a biomarker of total fat intake, Am J Clin Nutr 83 (2)
(2006) 227–236.

[29] S.K. Raatz, D. Bibus, W. Thomas, P. Kris-Etherton, Total fat intake
modifies plasma fatty acid composition in humans, J Nutr 131 (2)
(2001) 231–234.

[30] P.N. Hyde, T.N. Sapper, C.D. Crabtree, R.A. LaFountain, M.L. Bowling,
A. Buga, et al., Dietary carbohydrate restriction improves metabolic
syndrome independent of weight loss, JCI Insight 4 (12) (2019),
e128308.

[31] X. Song, Y. Huang, M.L. Neuhouser, L.F. Tinker, M.Z. Vitolins,
R.L. Prentice, et al., Dietary long-chain fatty acids and carbohydrate
biomarker evaluation in a controlled feeding study in participants from
the Women’s Health Initiative cohort, Am J Clin Nutr 105 (6) (2017)
1272–1282.
690
[32] J.M. Schwarz, P. Linfoot, D. Dare, K. Aghajanian, Hepatic de novo
lipogenesis in normoinsulinemic and hyperinsulinemic subjects
consuming high-fat, low-carbohydrate and low-fat, high-carbohydrate
isoenergetic diets, Am J Clin Nutr 77 (1) (2003) 43 [50.

[33] B.M. Volk, L.J. Kunces, D.J. Freidenreich, B.R. Kupchak, C. Saenz,
J.C. Artistizabal, et al., Effects of step-wise increases in dietary
carbohydrate on circulating saturated fatty acids and palmitoleic acid in
adults with metabolic syndrome, PLOS ONE 9 (11) (2014), e113605.

[34] F. Rosqvist, C.A. McNeil, C. Pramfalk, S.A. Parry, W.S. Low,
T. Cornfield, et al., Fasting hepatic de novo lipogenesis is not reliably
assessed using circulating fatty acid markers, Am J Clin Nutr 109 (2)
(2019) 260–268.

[35] Z.D. Alsharari, K. Leander, P. Sj€ogren, A. Carlsson, T. Cederholm, U. de
Faire, et al., Association between carbohydrate intake and fatty acids in
the de novo lipogenic pathway in serum phospholipids and adipose
tissue in a population of Swedish men, Eur J Nutr 59 (5) (2020)
2089–2097.

[36] W. Ma, J.H. Wu, Q. Wang, R.N. Lemaitre, K.J. Mukamal, L. Djouss�e, et
al., Prospective association of fatty acids in the de novo lipogenesis
pathway with risk of type 2 diabetes: the Cardiovascular Health Study,
Am J Clin Nutr 101 (1) (2015) 153–163.

[37] Health, United States, Hyattsville (MD), 2018 [Internet], National
Center for Health Statistics (US), 2019 [2019-12-23, 2022-11-23].

[38] B. Vessby, I.B. Gustafsson, S. Tengblad, M. Boberg, A. Andersson,
Desaturation and elongation of fatty acids and insulin action, Ann N Y
Acad Sci 967 (2002) 183–195.

[39] F. Rosqvist, J. Kullberg, M. Ståhlman, J. Cedernaes, K. Heurling,
H.E. Johansson, et al., Overeating saturated fat promotes fatty liver and
ceramides compared with polyunsaturated fat: A randomized trial,
J Clin Endocrinol Metab 104 (12) (2019) 6207–6219.

[40] L. Hodson, H.C. Eyles, K.J. McLachlan, M.L. Bell, T.J. Green, C.M. Skeaff,
Plasma and erythrocyte fatty acids reflect intakes of saturated and n-6
PUFA within a similar time frame, J Nutr 144 (1) (2014) 33–41.

http://refhub.elsevier.com/S0022-3166(23)00507-2/sref23
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref23
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref23
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref23
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref23
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref23
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref23
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref24
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref24
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref24
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref24
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref24
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref25
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref25
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref25
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref25
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref25
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref25
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref26
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref26
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref27
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref27
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref27
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref27
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref28
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref28
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref28
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref28
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref28
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref29
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref29
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref29
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref29
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref30
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref30
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref30
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref30
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref31
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref31
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref31
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref31
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref31
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref31
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref32
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref32
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref32
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref32
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref33
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref33
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref33
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref33
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref34
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref34
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref34
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref34
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref34
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref35
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref35
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref35
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref35
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref35
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref35
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref35
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref36
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref36
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref36
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref36
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref36
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref36
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref37
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref37
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref38
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref38
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref38
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref38
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref39
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref39
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref39
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref39
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref39
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref40
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref40
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref40
http://refhub.elsevier.com/S0022-3166(23)00507-2/sref40

	Contrasting Carbohydrate Quantity and Quality and the Effects on Plasma Saturated and Monounsaturated Fatty Acids in Health ...
	Introduction
	Methods
	Participants
	Study design
	Dietary intervention
	Measures of adherence
	Plasma FAs measurements
	Outcome measures
	Statistical analysis

	Results
	Impact of diets on FA concentrations and estimated desaturase activity

	Discussion
	Funding
	Author disclosures
	Data Availability
	Acknowledgments
	Appendix A. Supplementary data
	References


