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A B S T R A C T

Background: High intake of protein and low intake of plant-based foods during complementary feeding can contribute to negative long-term health
effects.
Objectives: To investigate the effects of a protein-reduced, Nordic complementary diet on body composition, growth, biomarkers, and dietary intake,
compared with current Swedish dietary recommendations for infants at 12 and 18 mo.
Methods: Healthy, term infants (n ¼ 250) were randomly allocated to either a Nordic group (NG) or a conventional group (CG). From 4 to 6 mo, NG
participants received repeated exposures of Nordic taste portions. From 6 to 18 mo, NG was supplied with Nordic homemade baby food recipes, protein-
reduced baby food products, and parental support. CG followed the current Swedish dietary recommendations. Measurements of body composition,
anthropometry, biomarkers, and dietary intake were collected from baseline and at 12 and 18 mo.
Results: Of the 250 infants, 82% (n ¼ 206) completed the study. There were no group differences in body composition or growth. In NG, protein intake,
blood urea nitrogen and plasma IGF-1 were lower compared to CG at 12 and 18 mo. Infants in NG consumed 42% to 45% more fruits and vegetables
compared to CG at 12 and 18 mo, which was reflected in a higher plasma folate at 12 and 18 mo. There were no between-group differences in EI or iron
status.
Conclusions: Introduction of a predominantly plant-based, protein-reduced diet as part of complementary feeding is feasible and can increase fruit and
vegetable intake. This trial was registered at clinicaltrials.gov as NCT02634749.
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Introduction

Early human life is a critical period of rapid growth, expanding
cognitive and psychomotor functions, and high nutrient requirements
[1,2]. Nutrient intake can permanently change organ development,
affect metabolic processes, and establish food preferences during the
limited period in early life when humans are most malleable [2–5]. The
positive effects of breastfeeding are well studied; however, more
evidence-based studies of the age-timing effects and nutrient compo-
sition during complementary feeding (CF) are needed [6]. A higher
daily consumption of fruit and vegetables can prevent
Abbreviations: BIG, baby food in glass jar; BUN, blood urea nitrogen; CF, complemen
Nordic diet; NG, Nordic group; NNR, Nordic Nutrition Recommendations; OTIS, optimize
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noncommunicable diseases such as cardiovascular disease, obesity,
overweight, type-2 diabetes, and some cancer forms [7–9]. Unfortu-
nately, such foods are underconsumed among children and adults
worldwide [9–13]. As many food preferences and eating patterns are
established in the first years of life and these patterns and preferences
may have life-long health effects [14], it is important to study if and
how early feeding can be improved [15].

Complementary feeding is the process when breast milk and/or
formula feeding alone is no longer sufficient to meet the nutrient re-
quirements of the infant and therefore needs to be complemented with
other foods and liquids [16]. The introduction of solid foods between 4
tary feeding; CG, conventional group; FR, food record; MCD, milk cereal drink; ND,
d complementary feeding study; TBW, total body water.

023

ciety for Nutrition. This is an open access article under the CC BY license (http://

https://orcid.org/0000-0002-0830-889X
mailto:ulrica.johansson@umu.se
https://ajcn.nutrition.org/
https://doi.org/10.1016/j.ajcnut.2023.03.020
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ajcnut.2023.03.020
https://doi.org/10.1016/j.ajcnut.2023.03.020


U. Johansson et al. The American Journal of Clinical Nutrition 117 (2023) 1219–1231
to 6 mo involves flavor learning, and combined with different food
textures, this determines food preferences and future food choices [17].

A high protein intake during infancy is associated with higher BMI
in early childhood and later overweight and obesity [18]. Infants are
most vulnerable to high protein exposure during the first 2 y of life
[19–21]. High animal protein intake at 12 mo, but not vegetable pro-
tein, has been associated with higher serum IGF-1, accelerated growth,
and higher BMI at 6 y [22]. In the Nordic countries, protein intake
among infants is 2 to 3 times higher than current recommendations [12,
18]. One way to reduce the high animal protein exposure during in-
fancy while allowing the diet to remain isoenergetic is to replace it with
plant-based foods [22].

The EAT-Lancet Committee advises a predominantly plant-based
diet to endorse a healthy planet as well as for preventing non-
communicable diseases [23]. The Nordic diet (ND) consists of mainly
FIGURE 1. Flowchart diagram of OTIS, a randomized controlled trial on the ef
growth, biomarkers and dietary intake until 18 mo. 1Reasons to decline participat
their child specific study diet; and 4) the child will start at daycare at an early age. D
CG, respectively. Dropouts between 9 and 12 mo were 4 in NG and 3 in CG,
complementary feeding study.

1220
plant-based, seasonal foods such as fruit, vegetables, legumes, and
whole grains, and less non–climate-friendly foods such as red meat,
meat products, and saturated fat [24,25]. The ND has positive effects on
biomarkers of noncommunicable diseases among adults and school-
children and on child development from pregnancy until 5 y [26–29],
with health benefits comparable to the Mediterranean diet [30]. How-
ever, the ND has not been studied in randomized controlled trials
among infants.

The aim of the trial was to test if a protein-reduced, Nordic com-
plementary diet compared to the current Swedish recommendations for
infants from the introduction of CF to 18 mo would improve body
composition, biomarkers of metabolic function, and blood pressure.
Secondary outcomes included effects on dietary intake as well as
biomarkers of adherence, for example, hemoglobin, iron status, blood
urea nitrogen (BUN), and folic acid.
fects of a protein-reduced, Nordic complementary diet on body composition,
ion: 1) too much work in the study; 2) too long study period; 3) will not give
ropouts between baseline and follow-up age of 9 mo were 14 in NG and 4 in
respectively. CG, conventional group; NG, Nordic group; OTIS, optimized
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Methods

Participants, design, allocation, and blinding
All parents of healthy, full-term, 4-mo-old singletons from Umeå,

Sweden were invited by letter to participate in the OTIS trial (Swedish
acronym for optimized complementary feeding study) between April
2015 and January 2018. Of 540 families, 250 were recruited (Figure 1).
In the present study, we used a multicomponent design, meaning that
we applied several interventions to the same group from study start to
18 mo. A detailed description of the study protocol has been published
elsewhere [31]. Inclusion criteria were healthy, singleton 4- to
6-mo-old infants who were exclusively breastfed and/or formula-fed at
the time of recruitment, born after >37 weeks of gestation and with
birth weight >2500 g, living in Umeå, intending to remain in the study
area (Umeå municipality), and not commence childcare outside home
during duration of the study. Exclusion criteria were chronic illnesses
that would affect nutrient intake or outcomes of the study, iron defi-
ciency, or any other biochemical abnormality at the time of recruitment.
When parents considered it appropriate to introduce CF, their infant
was randomly allocated to 1 of 2 study groups (Figure 2), that is, the
Nordic group (NG, intervention, n ¼ 125) or the conventional group
(CG, control, n ¼ 125), and the study started. Thus, baseline in the
present study represents a period from 4 to 6 mo of age rather than a
fixed age. Parents, the research nurses, and the dieticians could not be
completely blinded to the group allocation due to the specific food
items in each group. Other staff, including the laboratory team and the
researchers responsible for the analyses, were blinded to the partici-
pants’ group allocation. Baby food products offered in the study were
manufactured by Semper AB, Sweden and provided free of charge
(Supplemental Table 1).
New Nordic food and diet
Participants in the NG were provided with specially prepared,

protein-reduced, age-adjusted milk cereal drinks (MCDs), baby ce-
reals, baby milk, and commercially available baby foods in glass jars
(BIGs) (Supplemental Table 1). Detailed descriptions of the modified,
protein-reduced (in total 30% lower intake) diet for the OTIS trial have
FIGURE 2. Study procedures in OTIS, a randomized controlled trial on the effec
Swedish recommendations for infants �18 mo. Baseline was set at the age when
intervention consisted of a taste portion schedule with repeated exposures of Nordi
food recipes with Nordic ingredients from 6 to 18 mo, Nordic, protein-reduced bab
for the parents. 2The conventional group parents received written information fro
OTIS, optimized complementary feeding study.
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been published elsewhere [31,32]. For the intervention diet to remain
isocaloric, it was supplemented with mainly plant-based foods. In the
MCDs, baby cereals, and baby milks, the lower energy content from
the reduction of protein was substituted with lactose and wheat starch.
The food for the NG contained 100% Nordic ingredients, and the se-
lection of food items was based on the concept New Nordic Food
Manifesto from the Nordic Council of Ministers [33], which promotes
seasonal Nordic foods rich in plant foods, fish, and rapeseed oil and
recommends reduction of added sugar, saturated fat, meat, and meat
products. The nutrient composition in the ND complied with NNR
(Nordic Nutrition Recommendations) [12,24]. For the main course
meals, parents were suggested to use either homemade baby food
recipes or BIGs. In the latter case, parents were asked to replace half of
a BIG with vegetables from either commercial vegetable pur�ees or 1 of
14 different homemade Nordic vegetable pur�ees made by the parents.
These pur�ees contained a lot of complex carbohydrates and were not
supplemented with other simple sugars.
Nordic portfolio in the NG
To enhance intake of the ND during CF, several successive in-

terventions were offered; 1) 24-d taste portion schedule with repeated
exposures of Nordic fruit, berries, and vegetables from 4 to 6 mo; 2)
homemade protein-reduced baby food recipes with Nordic ingredients
using fruit, berries, and vegetable pur�ees and for the main course meal
from 6 to 18 mo; 3) Nordic, protein-reduced baby food products from
Semper AB, Sweden (Supplemental Table 1), and 4) invitation to a
closed Facebook group for the parents.
Taste portion schedule in the NG
When infants in NG were between 4 and 6 mo, they were intro-

duced to Nordic foods by repeated exposures from a taste portion
schedule [32,34]. Parents were provided with 9 recipes of Nordic
homemade pur�ees from apple, green peas, raspberry, cauliflower,
lingonberry, buckthorn, turnip, cranberry, and white radish. Composi-
tion, preparation, and sensory profiling of the recipes/pur�ees have been
described in detail elsewhere [32,34]. The advice was 3 exposures per
day (5–15 mL pur�ee per exposure) during 3 consecutive days per each
ts of a protein-reduced, Nordic complementary diet compared to the current,
parents started complementary feeding to their child. 1The multicomponent

c fruit, berries, and vegetables from baseline, homemade protein-reduced baby
y food products from Semper AB, and invitation to a closed Facebook group
m the Swedish Food Agency with the current recommendations for infants.
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fruit/berry or vegetable pur�ee, totaling 72 exposures for 24 d alongside
breastfeeding or formula feeding.
Taste portion introduction and guidelines in the CG
Parents of CG infants received a brochure from the Swedish National

Food Agency [35] with recommendations for CF introduction, which
suggest 6 mo of exclusive breastfeeding or formula if the child is not
breastfed. From the age of 4 mo at the earliest, if the child became
interested in other foods, parents could offer tiny taste portions alongside
breastfeeding or formula feeding [35]. For CG, no instructions were
given from the research team, besides full access to online information to
the recommendations from the Swedish Food Agency website and
support free of charge from the local child health care centers.
TABLE 1
Baseline characteristics of study participants in OTIS, a randomized
controlled trial on the effects of a protein-reduced, Nordic complementary
diet1

Characteristic Nordic
group
(n ¼ 125)

Conventional
group
(n ¼ 125)

Age at baseline (mo) 4.5 � 0.5 4.5 � 0.5
Birth weight (kg) 3.6 � 0.4 3.6 � 0.5
Birth length (cm) 50.7 � 1.9 50.6 � 2.1
Gestational age at birth (wk) 39.5 � 1.3 39.8 � 1.3
Sex (male) 73 (58) 69 (55)
Baseline anthropometry and feeding
Weight (kg) 7.3 � 0.8 7.3 � 0.8
Body composition with total body water
Body composition at 12 and 18 mo, measured by deuterium dilution

was the main outcome, and a difference in body fat content at 12 mo
was the basis of the sample size calculation. In collaboration with the
MRC Elsie Widdowson Laboratory (formally MRC Human Nutrition
Research), Cambridge, United Kingdom, total body water (TBW)
determination using deuterium dilution was used to estimate body
composition (2-compartment model including fat and FFM) according
to the procedure advised by the International Atomic Energy Agency
[36,37]. On the same day as the anthropometrical measurements, a
predose urine sample was collected by placing an absorbent pad
(Bastos Viegas) in the diaper of the infant. Each participant was then
given an oral weighed dose of deuterium oxide (100 mg/kg 99.8 atom
% D2O, Cambridge Isotope Laboratories Inc). Postdose urine samples
were collected using absorbent pads as described above, at home once
daily for 5 consecutive days, omitting the first urine portion of the day,
with dates and times recorded for all samples. Each collected pad was
stored at �18�C. The pads were then taken to the Pediatric Research
Facility at Umeå University Hospital, thawed, and the urine content
extracted using a press, collecting the urine in glass bottles. The glass
bottles were stored at �20�C until transported to the MRC Elsie
Widdowson Laboratory for analysis.
Weight-for-age z score 0.31 � 0.87 0.35 � 0.89
Weight-for-length z score 0.07 � 0.98 0.12 � 0.96
Length (cm) 65.2 � 3.0 65.1 � 2.4
Length-for-age z score 0.47 � 0.85 0.50 � 0.94
BMI (kg/m2) 17.2 � 1.5 17.2 � 1.4
BMI-for-age z score 0.05 � 0.96 0.09 � 0.95
Breastfed at baseline 95 (76) 94 (75)
Never breastfed 2 (1.6) 2 (1.6)
Duration of exclusive breastfeeding
(mo)

4.1 � 1.5 4.2 � 1.4

Family characteristics
Mother’s age 31 � 4.6 31 � 4.9
Parent’s age 34 � 5.0 32 � 5.4
Families with siblings 62 (50) 56 (45)
Mother’s BMI (kg/m2) 25.5 � 4.8 24.9 � 4.0
Partner’s BMI (kg/m2) 25.7 � 4.2 25.9 � 4.2

Mother’s educational level
�12 y 36 (29) 40 (32)
>12 y 86 (69) 84 (67)

Partner’s educational level
�12 y 54 (43) 57 (46)
>12 y 68 (54) 67 (54)

Parents born in Sweden
Mother 120 (96) 118 (94)
Partner 110 (88) 104 (83)

OTIS, optimized complementary feeding study.
1 Data presented are mean � SD or n (%).
TBW analysis and calculations
All samples, including a sample of dose, were analyzed in singlicate

for 2H enrichment. In brief, 0.4 mL of sample was flush-filled with H2

gas and equilibrated over 6 h in the presence of a platinum catalyst.
Headspace of the samples was then analyzed using a continuous flow
Isotope Ratio Mass Spectrometer (Sercon ABCA-Hydra 20-22, Sercon
Ltd). All samples were measured alongside secondary reference stan-
dards previously calibrated against the primary international standards
VSMOW and Vienna-Standard Light Antarctic Precipitate (Interna-
tional Atomic Energy Agency). Sample enrichments were expressed
relative to VSMOW. Analytical precision (SD) was � 1.4 ppm for 2H.
TBW was calculated using the 0-time intercept of 2H turnover and
corrected for nonaqueous exchange within the body using the equation:

TBW ðkgÞ¼WA
a

x
ðEa � EwÞ�
Es � Ep

� x
1

1:04
x

1
1000

where: W, amount of water used to dilute sample of dose (g); A, amount of dose
taken by participant (g); a, amount of dose in diluted dose (g); Ea, enrichment of
diluted dose; Ew, enrichment of water used to dilute the sample of dose; Es,
enrichment of postdose sample; Ep, enrichment of predose sample. Fomon
hydration factors [38] were used to derive FFM, and FM was calculated as the
difference between body weight and FFM.
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Anthropometry, blood samples, and laboratory analyses
Anthropometrical measurements were part of assessing body

composition, but they also reflect supporting methods of assessing
body composition, that is, weight-for-height and BMI, and they are
important outcomes on their own. Infants were measured at the Pedi-
atric Research Facility at Umeå University Hospital at baseline and
within 2 wk of the infant’s 12- and 18-mo birthdays. Anthropometric
data were collected and calculated according to standardized proced-
ures [39] and detailed descriptions are published elsewhere [32].
Weight-for-age, length-for-age, BMI-for-age, and head
circumference-for-age z-scores were calculated according to the WHO
Child Growth Standards [40].

Two-hour fasted venous blood samples were collected by research
nurses, at baseline, 12 mo, and 18 mo. Biomarkers of metabolic
function were part of the main outcomes of the study: plasma glucose,
insulin, TGs, total cholesterol, HDL cholesterol, apolipoprotein A1,
and apolipoprotein B were analyzed at the Department of Clinical
Chemistry, Umeå University, Sweden using a Roche Cobas 8000
(Roche Diagnostics). LDL-cholesterol was calculated according to
Friedewald’s formula [41]. IGF-1 was analyzed at the Pediatric
Research Laboratory, Department of Clinical Sciences, Pediatrics,
Umeå University, Sweden using a Milliplex MAP ELISA-kit (EMD
Millipore). As biomarkers of adherence hemoglobin, mean corpuscular
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volume (MCV), plasma transferrin, transferrin saturation, plasma iron,
ferritin, urea, and folate were analyzed at the Department of Clinical
Chemistry, Umeå University, Sweden as described elsewhere [32]. If
the child was ill or had recently been immunized, sampling was
postponed by 2 wk to avoid the influence of an acute-phase response on
blood indices. Definition of mild iron deficiency was ferritin<12 μg/L;
moderate iron deficiency, 2 of 3 criteria of ferritin <12 μg/L and/or
MCV <71 fL and/or transferrin saturation <10%; and serious iron
deficiency, 2 criteria of moderate deficiency and hemoglobin<110 g/L.
Blood pressure was part of the main outcomes and was measured with
the child sitting in the parent’s lap using a Carescape Dinamap V100
monitor (GE Healthcare AB) and age-appropriate blood pressure cuffs.
Food records and dietary assessment
As part of adherence to the study diet, but also as a secondary outcome

to investigate the intervention effect on dietary intake, 5-d food records
(FRs) were collected within 2 wk of the infant’s 12- and 18-mo birthdays.
Two pediatric dieticians calculated mean daily EI, macronutrient sub-
classes, and mean fruit and vegetable content from the FRs [32].
TABLE 2
Body composition and anthropometrical measurements in the 2 study groups in O
complementary diet at 12 and 18 mo1

A Nordic group Conven

12 mo
Body composition n ¼ 74 n ¼ 88
Total body FM (kg) 2.8 � 0.8 2.6 � 0
Total body FM (%) 27.4 � 6.7 26.1 �
Total lean mass (kg) 7.4 � 0.8 7.5 � 0
FMI (kg/m2)3 4.9 � 1.4 4.6 � 1
FFMI (kg/m2)4 12.8 � 1.2 13.0 �

Anthropometry n ¼ 106 n ¼ 11
Age at follow-up (mo) 11.7 � 1.2 11.8 �
Body weight (kg) 10.2 � 1.1 10.1 �
Weight-for-age z score 0.66 � 0.88 0.55 �
Weight-for-length z score 0.71 � 0.9 0.63 �
Body length (cm) 75.9 � 2.2 76.1 �
Length-for-age z score 0.45 � 0.84 0.56 �
Head circumstance (cm) 46.9 � 1.7 46.8 �
Head circumstance-for-age z score 1.02 � 0.81 1.01 �
BMI (kg/m2) 17.6 � 1.4 17.5 �

BMI-for-age z score 0.66 � 0.88 0.55 �
18 mo
Body composition n ¼ 42 n ¼ 60
Total body FM (kg) 3.0 � 0.7 2.9 � 0
Total body FM (%) 25.1 � 4.6 24.9 �
Total lean mass (kg) 8.8 � 0.9 8.7 � 0
FMI (kg/m2)3 4.4 � 1.0 4.3 � 1
FFMI (kg/m2)4 12.9 � 0.9 12.8 �

Anthropometry n ¼ 93 n ¼ 11
Age at follow-up (mo) 17.8 � 0.4 17.9 �
Body weight (kg) 11.7 � 1.1 11.7 �
Weight-for-age z score 0.75 � 0.79 0.76 �
Weight-for-length z score 0.74 � 0.83 0.75 �
Body length (cm) 82.5 � 2.4 82.7 �
Length-for-age z score 0.38 � 0.82 0.46 �
Head circumstance (cm) 48.4 � 1.1 48.4 �
Head circumstance-for-age z score 1.1 � 0.79 1.2 � 0
BMI (kg/m2) 17.0 � 1.2 17.0 �
BMI-for-age z score 0.71 � 0.85 0.70 �

FFMI, FFM index; FMI, FM index; OTIS, optimized complementary feeding stu
1 Data presented are mean � SD.
2 Independent samples t-test.
3 FMI
4 FFMI are calculated by dividing respective mass by body length2.
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Demographic variables
Demographic information has been published elsewhere [31,32],

but a summary is reported in Table 1.

Sample size calculation
Sample size calculation for the study was based on the detection of a

difference in body FM of 0.4 SD between NG and CG at 12 mo with a
power of 80% and α set to 0.05. Allowing for an attrition rate of 20%,
we recruited 125 participants per study group [31].

Ethical considerations
The study was approved by the Regional Ethical Review Board at

Umeå University (2014-363-31M), Umeå, Sweden. Written informed
consent was obtained from both caregivers.

Statistical analyses
Statistical analyses were performed using SPSS 28.0 (SPSS). Re-

sults are presented as means (� SD) or, if non-parametric data, as
median [min, max or interquartile range]. Categorical data are pre-
TIS, a randomized controlled trial on the effects of a protein-reduced, Nordic

tional group Between-group difference (95% CI) P2

.8 0.14 (�0.11, 0.39) 0.26
6.5 1.3 (�0.74, 3.37) 0.21
.9 �0.17 (�0.43, 0.09) 0.21
.3 0.25 (�0.17, 0.67) 0.24
1.1 �0.21 (�0.57, 0.15) 0.26
9
0.3 �0.14 (�0.37, 0.08) 0.23
1.0 0.04 (�0.24, 0.32) 0.80
0.87 0.03 (�0.20, 0.25) 0.36
0.9 0.08 (�0.16, 0.31) 0.53
2.6 �0.18 (�0.83, 0.47) 0.58
0.99 �0.12 (�0.36, 0.13) 0.34
1.4 0.08 (�0.27, 0.43) 0.66
0.93 0.004 (�0.23, 0.24) 0.97
1.3 0.14 (�0.22, 0.49) 0.45
0.87 0.11 (�0.12, 0.34) 0.36

.8 0.05 (�0.26, 0.36) 0.76
5.7 0.22 (�1.90, 2.34) 0.84
.8 0.14 (�0.21, 0.49) 0.43
.2 0.05 (�0.39, 0.50) 0.81
0.8 0.12 (�0.22, 0.47) 0.48
1
0.3 �0.07 (�0.17, 0.03) 0.18
1.2 �0.01 (�0.34, 0.32) 0.95
0.87 �0.01 (�0.25, 0.22) 0.92
0.86 �0.007 (�0,24, 0.23) 0.95
2.9 �0.20 (�0.94, 0.55) 0.60
0.96 0.09 (�0.34, 0.17) 0.50
1.4 �0.03 (�0.40, 0.34) 0.88
.92 �0.06 (�0.31, 0.19) 0.66
1.3 0.02 (�0.32, 0.36) 0.91
0.87 0.01 (�0.23, 0.26) 0.91

dy.
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sented as numbers and percentages. Energy and macronutrient intake
are presented as total intake of kilojoules (kJ) and grams (g) per day,
respectively, and as intake per kg body weight per day. The significance
level was set at P < 0.05. For comparisons between the groups, in-
dependent t-test was used on normally distributed data and the Man-
n–Whitney test was used for non-normally distributed data. The χ2 test
was used for comparisons between categorical variables. Regression
models were used to assess the effects of possible confounders, for
example, breastfeeding status. Effect size for parametric data was

calculated with Glass’s delta [42] (ΔÞ;whereΔ ¼ ðMean1�Mean2Þ
s:d: control . Glass’s

delta calculation was used as it was more representative of the variation
of the unaffected CG population. The Glass’s delta interpretation of a
large effect size (r ¼ 1) means that the 84th percentile of the distri-
bution in one group is the mean value of the other. Finally, we used
2-factor repeated measures ANOVA to test changes in anthropo-
metrical measurements over time and the effect of study group.

Results

Study participants
Of the 250 recruited infants, 206 (82%) completed the study

(Figure 1). There were no differences at baseline in background data
such as neonatal or family characteristics, breastfeeding duration,
anthropometry, or biochemical data between the groups (Table 1) [32].
Attrition was significantly higher (χ2 P ¼ 0.012) in NG (n ¼ 30, 24%)
compared with CG (n ¼ 14, 12%). From the dropout analyses, there
were no differences in anthropometric, dietary, biomarkers, or de-
mographic data, except a difference in father/partner age between the
groups (P ¼ 0.026). The fathers/partners were younger among CG
infants who left the study compared with NG infants and to the par-
ticipants who remained in the study.
Body composition, anthropometry, biochemical data, and
blood pressure

Body composition measured with TBW showed no differences be-
tween the groups at 12 and 18 mo (Table 2). Attrition for the body
composition measurements were high at both time points (35% and 59%,
respectively) and significantly higher in NG at 18 mo (χ2 P ¼ 0.021).
Further, for the anthropometrical measurements, either used alone or as
composites, that is, weight-for-height or BMI, there were no group dif-
ferences at 12 or 18 mo (Table 2). The 2-factor repeated measures
ANOVA did not reveal any group � time effects, and adjusting the an-
alyses for potential confounders such as breastfeeding status did not affect
the outcomes (data not shown). For the metabolic biomarkers, plasma
IGF-1 was significantly lower in the NG compared to the CG at both 12
and 18 mo (Figure 3A), and a slightly higher plasma glucose concen-
tration was observed in NG compared with CG at 12 mo, with a small
effect size (Glass’s 0.25) (Table 3). For the biomarkers of adherence,
BUN was lower and plasma folate higher in NG compared to CG at 12
and 18 mo (Figure 3B and C). At 18 mo, NG had a lower mean hemo-
globin concentration compared with CG (Table 3). However, none of the
iron parameters (MCV, transferrin, transferrin saturation, ferritin, or iron)
nor frequency of iron deficiency showed any group differences (Table 3).
There were no group differences in blood pressure at any time point
FIGURE 3. (A) Plasma IGF-1 (Insulin-like growth factor 1) (ng/mL), (B) plasm
OTIS, a randomized controlled trial on the effects of a protein-reduced, Nordic co
folate values above 45 nmol/L as “>45 nmol/L.” In the analyses, these were set to
feeding study; P, plasma.
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(Table 3). Again, the analyses for potential confounders such as breast-
feeding status did not affect the outcomes (data not shown).
Energy and macronutrients intake
At 12 and 18 mo, there were no significant differences in mean total

daily energy, fat, or carbohydrate intake between the groups. However,
the E% provided by carbohydrate was significantly higher in NG at 12
mo but not at 18 mo (Table 4). There was not a significant difference in
the daily EI between the groups at either 12 mo (367 � 53 kJ/kg
compared with 381 � 60 kJ/kg), NG compared with CG, respectively
or 18 mo (346 � 54 kJ/kg compared with 353 � 61 kJ/kg), NG
compared with CG, respectively.

Mean daily protein intake was lower in NG compared to CG at both
ages, calculated either as intake in g/d or as E% (Table 4). Specifically,
the total daily protein intake (g) was 29% lower at 12 mo and 17%
lower at 18 mo among NG infants. The effect size was large at 12 mo
(Glass’s 1.79) and moderate at 18 mo (Glass’s 0.73). Mean energy
distribution (E%) from protein at 12 mo in the NG was marginally
below (9.2 E%) the recommended range 10% to 15 E% (Table 4). At 18
mo, the mean E% protein was in accordance with NNR for both groups
(Table 4). NG had a lower protein intake (g/kg body weight) (Figure 4)
compared with CG at both ages, and the effect size was large at 12 mo
(Glass’s 1.60) and moderate at 18 mo (Glass’s 0.71).
Fruit and vegetable intake
Infants in NG consumed 42% more fruits and vegetables per day at

12 mo and 45% more at 18 mo compared to CG (Figure 5A). The effect
size was large at 12 mo (Glass’s 0.80) and moderate at 18 mo (Glass’s
0.67). Both groups decreased daily fruit and vegetable intake by ~14% to
16% from 12 to 18 mo (Figure 5B and C). CG reduced vegetable intake
by 36% between 12 and 18 mo, whereas fruit intake was consistent
(Figure 5B and C). At 18 mo, NG consumed 85% more vegetables per
day compared with CG (Figure 5C). NG consumedmore berries and root
vegetables per day at 12 and 18 mo compared with CG (P < 0.001)
(Table 5, Figure 5D). CG ate more imported, exotic fruits at both ages,
whereas NG consumed very small amounts (Table 5).

The dietary assessment showed that in general, family food con-
tained low amounts of vegetables in comparison to commercial baby
food and homemade baby food dishes. The infants in CG ate more of
the family food compared to NG at both ages (P < 0.001). The infants
in NG consumed more of homemade baby food dishes containing a
high content of vegetables compared with CG at 12 mo (P < 0.001)
and 18 mo (P ¼ 0.001).

Discussion

To our knowledge, this is the first longitudinal, multicomponent,
randomized trial to evaluate a protein-reduced complementary diet
based on Nordic foods. Although our admittedly high attrition rate
(almost 60% of participants not providing a useful sample at 18 mo)
may have contributed to the null finding on body composition, the
anthropometrical measurements of body composition, that is, weight-
for-length and BMI z-scores, showed no statistical differences, sup-
porting the interpretation that the intervention had little to no effect.
a BUN (mmol/L), and (C) plasma folate (nmol/L) in the 2 study groups in
mplementary diet at baseline, 12, and 18 mo. The laboratory reported plasma
45 nmol/L. BUN, blood urea nitrogen; IGF; OTIS, optimized complementary



TABLE 3
Biochemical data and blood pressure in the 2 study groups in OTIS, a randomized controlled trial on the effects of a protein-reduced, Nordic complementary diet at
12 and 18 mo1

Nordic group Conventional group Between-group difference (95% CI) P2,3,5

12 mo n ¼ 94 n ¼ 107
Hemoglobin (g/L) 114.4 � 8.2 116.6 � 7.8 �2.2 (�4.4, 0.02) 0.0532

MCV (fL) 75.7 � 2.6 75.1 � 6.1 0.62 (�0.72, 1.2) 0.342

P-transferrin (g/L) 2.6 � 0.3 2.6 � 0.3 �0.03 (�0.12, 0.06) 0.502

P-transferrin saturation (%) 15.7 � 7.6 15.0 � 6.3 0.73 (�1.21, 2.66) 0.472

P-ferritin (ug/L)3 35.7 � 1.7 38.1 � 1.9 �1.1 (�1.25, 0.91) 0.432

P-iron (umol/L) 10.1 � 4.6 9.9 � 4.2 0.22 (�1.01, 1.45) 0.732

P-glucose (mmol/L) 5.0 � 0.4 4.9 � 0.4 0.15 (0.03, 0.27) 0.0172

P-insulin (mlU/L) 6.0 � 5.0 6.0 � 4.5 �0.02 (�1.35, 1.32) 0.982

P-TGs (mmol/L) 1.7 � 0.8 1.6 � 0.8 0.03 (�0.19, 0.26) 0.772

P-cholesterol (mmol/L) 3.6 � 0.8 3.5 � 0.7 0.13 (�0.07, 0.34) 0.212

P–HDL-C (mmol/L) 1.0 � 0.2 1.0 � 0.3 0.03 (�0.03, 0.09) 0.362

P–LDL-C (mmol/L) 1.9 � 0.8 1.8 � 0.7 0.13, (�0.07, 0.33) 0.202

P–apo-A1 (g/L) 1.19 � 0.14 1.15 � 0.17 0.04 (�0.01, 0.08) 0.192

P–apo-B (g/L) 0.80 � 0.20 0.76 � 0.18 0.04 (�0.01, 0.09) 0.132

P–apo-B/A1 ratio 0.69 � 0.21 0.68 � 0.19 0.01 (�0.04, 0.07) 0.722

HOMA-IR6 1.39 � 1.3 1.33 � 1.1 0.06 (�0.28, 0.40) 0.712

Systolic blood pressure (mm Hg) 101 � 10 101 � 11 0.02 (�2.9, 2.9) 0.992

Diastolic blood pressure (mm Hg) 66 � 8 65 � 10 0.7 (�1.8, 3.3) 0.572

Number of days between food recording and follow-up visit 6.7 � 5.6 7.1 � 3.9 — 0.532

Mild iron deficiency, n (%) 4 (2.8) 0 (0) — 0.255

Moderate iron deficiency, n (%) 1 (0.9) 0 (0) — 1.005

Severe iron deficiency, n (%) 0 (0) 0 (0) — NA
18 mo n ¼ 85 n ¼ 95
Hemoglobin (g/L) 117.2 � 8.5 120.7 � 9.1 �3.5 (�6.1, �0.9) 0.0082

MCV (fL) 76.3 � 2.5 76.3 � 2.6 �0.01 (�0.77, 0.75) 0.982

P-transferrin (g/L) 2.7 � 0.3 2.7 � 0.3 0.02 (�0.07, 0.12) 0.662

P-transferrin saturation (%) 15.5 � 8.5 17.0 � 7.4 �1.47 (�3.83, 0.88) 0.222

P-ferritin (ug/L) 33.6 � 1.93 36.0 � 1.63 �1.1 (�1.27, 0.90)3 0.422

P-iron (umol/L) 10.7 � 5.4 11.4 � 5.0 �0.76 (�2.30, 0.79) 0.342

P-glucose (mmol/L) 4.8 � 0.4 4.8 � 0.4 0.02 (�0.10, 0.13) 0.802

P-insulin (mlU/L) 5.5 � 3.4 6.3 � 5.1 �0.78 (�2.19, 0.63) 0.282

P-TGs (mmol/L) 1.4 � 0.7 1.4 � 0.6 0.09 (�0.12, 0.30) 0.402

P-cholesterol (mmol/L) 3.7 � 0.7 3.5 � 0.7 0.15 (�0.06, 0.37) 0.162

P–HDL-C (mmol/L) 1.0 � 0.3 1.0 � 0.3 0.02 (�0.10, 0.06) 0.602

P–LDL-C (mmol/L) 2.0 � 0.7 1.9 � 0.5 0.12 (�0.07, 0.31) 0.212

P–apo-A1 (g/L) 1.14 � 0.18 1.18 � 0.18 �0.03 (�0.09, 0.02) 0.232

P–apo-B (g/L) 0.81 � 0.21 0.77 � 0.18 0.05 (�0.01, 0.11) 0.132

P–apo-B/A1 ratio 0.73 � 0.27 0.71 � 0.50 0.02 (�0.11, 0.15) 0.782

HOMA-IR6 1.21 � 0.9 1.39 � 1.2 �0.18 (�0.52, 0.15) 0.282

Systolic blood pressure (mm Hg) 103 � 11 103 � 11 0.54 (�3.0, 4.0) 0.762

Diastolic blood pressure (mm Hg) 66 � 9 65 � 7 1.3 (�1.3, 3.9) 0.322

Number of days between food recording and follow-up visit 9.6 � 8.2 8.6 � 6.0 — 0.372

Mild iron deficiency, n (%) 0 (0) 2 (2.4) — 0.215

Moderate iron deficiency, n (%) 1 (1.1) 0 (0) — 1.005

Severe iron deficiency, n (%) 0 (0) 0 (0) — NA

APO, apolipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; MCV, mean corpuscular volume; NA, not available; OTIS, optimized
complementary feeding study; P, plasma.
4Geometric mean.
1 Data presented are mean � SD or otherwise indicated.
2 Independent samples t-test.
3 Mann-Whitney test.
5 Fisher’s test for iron deficiency.
6 HOMA-IR: insulin � glucose/22.5.
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Another explanation to us seeing no effects on body composition or
anthropometry may be that the protein intake in CG, which was 12.5 E
% at 12 mo and 14.6 E% at 18 mo was already so low that it did not
contribute to altered growth [18]. A third explanation may be that
insufficient time had passed to properly evaluate the effects of the
protein reduction during infancy on later body composition and
growth, despite the effects on IGF-1.

Thorsdottir et al. [22] demonstrated that high animal protein intake
at 12 mo was associated with increased growth in infancy and higher
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BMI in girls at 6 y. Total animal and dairy protein intakes at 12 mo were
associated with increased IGF-1. In this Icelandic study, the anthro-
pometry data and EI were similar to our data at 12 mo in CG, but total
protein intake was higher, that is, at 14.5 E% in the Iceland study
compared with 12.5 E% in our CG [22]. Günther et al. [43] reported
that high protein intake, especially animal protein intake during CF at
12 and 18 to 24 mo, was associated with higher BMI and percentage
body fat at 7 y. Similarly, we previously found an association between
higher protein intake from 6 to 18 mo and higher BMI at 4 y of age



TABLE 4
Daily mean intake of energy and macronutrients in the 2 study groups in OTIS, a randomized controlled trial on the effects of a protein-reduced, Nordic
complementary diet at 12 and 18 mo1

Nordic group Conventional group Between-group difference (95% CI) P2

12 mo n ¼ 100 n ¼ 114
Age at follow-up (mo) 11.6 � 0.3 11.6 � 0.3 �0.02 (�0.11, 0.07) 0.65
Energy (kJ) 3721 � 558 3839 � 571 �118 (�270, 34.8) 0.13
Protein (g) 20.0 � 4.7 28.4 � 5.8 �8.4 (�9.8, �6.9) <0.001
Protein (E%) 9.2 � 1.8 12.5 � 1.5 �3.4 (�3.8, �2.9) <0.001
Fat (g) 33.8 � 6.9 35.2 � 7.3 �1.4 (�3.3, 0.53) 0.15
Fat (E%) 33.6 � 4.6 33.9 � 4.7 �0.3 (�1.6, 0.9) 0.62
CHO (g) 121.2 � 23.1 117.0 � 19.5 4.3 (�1.5, 10.0) 0.15
CHO (E%) 55.3 � 5.7 51.8 � 4.8 3.5 (2.1, 4.9) <0.001

18 mo n ¼ 86 n ¼ 98
Age at follow-up (mo) 17.5 � 0.4 17.6 � 0.4 �0.07 (�0.18, 0.04) 0.21
Energy (kJ) 4012 � 583 4082 � 681 �69.9 (�255, 116) 0.45
Protein (g) 29.2 � 8.1 35.1 � 7.2 �6.0 (8.2, �3.7) <0.001
Protein (E%) 12.4 � 2.8 14.6 � 1.6 �2.3 (�2.9, �1.6) <0.001
Fat (g) 36.6 � 7.9 36.5 � 9.4 0.09 (�2.5, 2.6) 0.94
Fat (E%) 33.7 � 4.7 33.0 � 5.1 0.71 (�0.72, 2.1) 0.33
CHO (g) 121.3 � 21.4 120.0 � 21.6 1.3 (�4.9, 7.5) 0.69
CHO (E%) 51.5 � 5.6 50.1 � 5.4 1.4 (�0.24, 3.0) 0.10

OTIS, optimized complementary feeding study.
1 Data presented are mean � SD.
2 Independent samples t-test.
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[44]. In the present study, total EI per kg body weight, as recorded
through FRs in both groups, was higher than the energy requirements
for children at 12 mo based on those measured using doubly labeled
water [12]. EI in both groups at 12 and 18 mo was similar to our
previous study in the same age groups measured with FRs [44]. FRs
tend to overestimate EI among infants compared with energy expen-
diture measured with doubly labeled water [45].

The differences in biochemical markers reflect in part the differ-
ences in dietary intake between the groups with lower BUN confirming
the lower protein intake in NG compared to CG and higher plasma
folate concentrations indicating higher intakes of fruits and vegetables
in NG compared with CG. At 18 mo, hemoglobin was significantly
lower in NG, but other markers of iron status were not, and risk of iron
deficiency was not higher or different in NG compared with CG. In a
Danish randomized study of 8 to 11 y old schoolchildren, the signature
foods of the ND increased and resulted in higher folate compared with
the control group but with no between-group differences in hemoglobin
or serum ferritin when consuming a ND [28,46,47]. Health effects of
the ND have been found in several age groups [26–29], but the present
study could not show such outcomes during infancy. The long-term
health benefits of introducing the ND during a highly dynamic
period of early childhood are thus yet to be assessed. However,
follow-up of the infants as they approach school age should give in-
dications of any lasting health benefits.

A secondary objective was to investigate the effects of the inter-
vention on the overall complementary diet. Macronutrient composition
expressed as a percentage of total EI was within recommended NNR
levels in both groups, except for protein at 12 mo in NG, which at 9 E%
was slightly below the recommended daily intake of protein intake 10
to 15 E% [12]. At 18 mo, this had increased to 13 E%, which is slightly
lower than the 13 to 16 E% range observed in other Nordic studies
investigating protein intake during infancy [18]. Similar to previous
studies [18], however, protein intake per kg body weight was 2 to 3
times higher in both groups compared to WHO recommendation (1.0
g/kg body weight) [12]. In order to make the diets isocaloric, the
reduced protein in NG was replaced by plant-based carbohydrates,
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which resulted in a higher E% from carbohydrates at 12 but not 18 mo,
and with no difference in amount of carbohydrates consumed per day.
In terms of pattern of dietary intake, we found a higher consumption of
Nordic fruits, berries, roots, and vegetables lasting until 18 mo among
NG infants compared with CG infants, without negative effects on
growth, iron status, or other biomarkers. In contrast to a study from the
Netherlands [48], where vegetable intake increased during the inter-
vention and decreased between 12 to 23 mo, our intervention resulted
in a higher intake of fruits and vegetables at both 12 mo (89 g/d) and 18
mo (82 g/d) among NG but not among CG infants. A previous sys-
tematic review in children aged 5 y and under demonstrated that
multicomponent interventions would probably increase fruit and
vegetable intake in children by ~75 to 100 g/d, but it was uncertain how
parental support and education interventions affected these intakes
[49]. A randomized trial from the United Kingdom that examined
whether parental social support had an effect on the intake of fruit and
vegetables showed significant differences in specific fruit and vege-
table intake at 12 mo but no difference at 18 mo [50]. We cannot state
whether it was the parental support or early repeated exposure in NG
that increased the daily intake of fruit and vegetables per se, but both
efforts probably affected vegetable intake over time.

The ND conforms to the healthy reference diet reported from the
EAT-Lancet Committee on the reduction of greenhouse gases and
increased intake of plant-based foods [23], and meeting the United
Nations sustainable development goals [51]. Thus, despite the higher
attrition, the present intervention demonstrates that the ND is feasible
to implement during CF and contributes to a higher intake of
plant-based foods from the Nordic region, which are healthy, climate
friendly, and environmentally sustainable [25,52].

A strength of the study was the randomized design, where differ-
ences in outcomes can be attributed to the intervention per se and not
due to unmeasured random effects. We could also validate dietary in-
takes with biomarkers. Further, the adherence to the study protocol was
high in both groups. However, there was a significantly higher attrition
rate in NG compared with CG, affecting the power to draw firm con-
clusions. In planning for the study, we were aware that the ND would



FIGURE 4. Protein intake (g) per kg body weight in the 2 study groups in OTIS, a randomized controlled trial on the effects of a protein-reduced, Nordic
complementary diet at 12 and 18 mo. The dashed line denotes the safe level suggested by WHO at 1.0 g/kg body weight. P values indicate between-group
differences. OTIS, optimized complementary feeding study.

FIGURE 5. (A) Mean daily fruit and vegetable intake (g/d), (B) mean daily fruit intake (g/d), (C) mean daily vegetable intake (g/d), and (D) mean daily root
vegetable intake (g/d) in the 2 study groups in OTIS, a randomized controlled trial on the effects of a protein-reduced, Nordic complementary diet at 12 and 18
mo. Fruit juices, vegetable juices, potatoes, chili, garlic, ginger, and herbs were not included in the calculations. P values indicate between-group differences.
OTIS, Optimized complementary feeding study.

U. Johansson et al. The American Journal of Clinical Nutrition 117 (2023) 1219–1231

1228



TABLE 5
Daily intake of berries and exotic fruits in the 2 study groups in OTIS, a
randomized controlled trial on the effects of a protein-reduced, Nordic com-
plementary diet at 12 and 18 mo1

Nordic group Conventional group P2

Berries (g/d)3

12 mo n ¼ 100 11 (17) n ¼ 114 1 (4) <0.001
18 mo n ¼ 86 8 (14) n ¼ 98 3 (9) <0.001

Exotic fruits (g/d)
12 mo n ¼ 100 0 (0) n ¼ 114 81 (75) <0.001
18 mo n ¼ 86 0 (0) n ¼ 98 82 (63) <0.001

OTIS, optimized complementary feeding study.
1 Data presented are medians and interquartile range.
2 Mann-Whitney test for differences between study groups.
3 Strawberries were not included in the category.
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introduce a lot of new, unfamiliar, and possibly burdensome elements
into the lives of the participants and their families. Despite measures to
ameliorate these challenges, 36% of the dropouts in NG choosing to
leave the study did so due to nonadherence to the ND. This demon-
strates the existing gap between what highly educated and affluent
parents were expecting to provide as CF to their infants and what is
preferable both in terms of health and sustainability. Bridging this gap
further is essential both in future studies to optimize dietary intake in
early childhood and when trying to implement the ND as CF on a wider
scale. Further weaknesses include a study population of parents that
was mostly born in Sweden, not reflecting the current ethnic compo-
sition of the country and that multicomponent interventions complicate
the assessment of which interference had the most effect on the
outcomes.

In conclusion, CF with reduced protein had no effect on body
composition at either 12 or 18 mo. However, a ND with more plant-
based foods, introduced to infants naïve to this model of eating,
increased the intake of fruits and vegetables, establishing a preferable
eating pattern lasting over a 12-mo period, with no negative effects on
iron status or growth. Nordic foods are therefore possible to use when
exposing infants to a variety of flavors and may contribute to estab-
lishing healthy, sustainable, climate friendly food preferences and di-
etary patterns early in life. Long-term effects on dietary intakes, body
composition, metabolic processes or other health benefits remains to be
studied.
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