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a  b  s  t  r  a  c  t

Introduction:  Aging  is associated  with  increased  levels  of circulating  inflammatory  markers  and  reduced
muscle  mass  and  strength.
Objective:  We  investigated  whether  intake  of  protein-enriched  milk  for 12 weeks  would  influence  markers
of  inflammation  among  adults  ≥70 years  of  age  with  reduced  physical  strength.
Methods:  In  a double-blind  randomized  controlled  intervention  study,  subjects  were  randomly  allocated
into  two  groups,  receiving  a  protein-enriched  milk  (2  × 20  g  protein/d,  n =  14,  mean  (±SD)  age  76.9  ± 4.9
yrs)  or  an  isocaloric  carbohydrate  drink  (n  =  17,  age  77.7  ±  4.8  yrs)  for 12  weeks.  We  measured  serum  and
mRNA expression  levels  of  inflammatory  markers  in  PBMCs.
Results:  Significant  differences  in  the  mRNA  expression  of  nuclear  receptor  subfamily,  group  H, member  3
(NR1H3,  encoding  the  LXR�  transcription  factor)  and  interferon  gamma  (INFG)  were  observed  between
groups.  The  mRNA  level  of TNFRSF1A  was significantly  reduced,  while  the mRNA  level  of  dipeptidyl-
peptidase  4 (DPP4)  was significantly  increased,  in  the  control  group.  The  serum  level  of  TNF� increased
significantly  in  the  control  group,  while  sTNFRSF1A  increased  significantly  in both  groups,  but  with  no
significant  differences  between  groups.
Conclusion:  Consumption  of a  low-fat,  protein-enriched  milk  for 12  weeks  had  minor  effects  on  inflam-
matory  related  markers  in older  adults  compared  to  an isocaloric  carbohydrate  drink.

©  2017  Elsevier  B.V.  All  rights  reserved.
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1. Introduction

The risk of developing chronic diseases is increased in older
adults (Chung et al., 2011; Calder et al., 2011; Singh and Newman,
2011; Simon et al., 2015; Guarner and Rubio-Ruiz, 2015), and
an elevated level of circulating inflammatory markers are often
observed (Singh and Newman, 2011; Franceschi, 2007). Growing
evidence indicates that inflammatory markers, such as high-
sensitive C-reactive protein (hs-CRP), interleukin 6 (IL6), and tumor
necrosis factor alpha (TNF�), are associated with loss of muscle
mass and muscle strength (Legrand et al., 2013; Schaap et al., 2009;
Visser et al., 2002; Cesari et al., 2004; Marzetti et al., 2014; Aleman
et al., 2011; Bartali et al., 2012; Taaffe et al., 2000; Vina et al., 2016),
possibly contributing to the development of sarcopenia (Bartali
et al., 2012; Beyer et al., 2012; Laviano et al., 2014).

Dietary strategies to prevent the onset of chronic, low-grade
inflammation are therefore suggested to improve several health
outcomes and to prolong longevity among elderly (Singh and
Newman, 2011; Franceschi, 2007; Kritchevsky et al., 2005; Panickar
and Jewell, 2015). Foods, including fruits and vegetables, fish, whole
grains and some vitamins, are shown to exert anti-inflammatory
effects (Calder et al., 2011). The effects of dairy products on inflam-
matory markers are less clear (Draganidis et al., 2016). Some
epidemiological evidence indicates that low-fat dairy products are
inversely associated with the level of inflammatory markers among
healthy adults (Panagiotakos et al., 2010; Azadbakht et al., 2005;
Esmaillzadeh and Azadbakht, 2010), but the data are inconclusive
(Rashidi Pour Fard et al., 2015). In randomized controlled trials a
reduction in the circulating levels of TNF�, IL6 and chemokine (C-
C motif) ligand 2 (CCL2) have been shown after consuming dairy
products in obese subjects (van Meijl and Mensink, 2010; Zemel
et al., 2010), but the data are not conclusive (Van Loan et al., 2011;
Wennersberg et al., 2009). A reduction of the same inflamma-
tory markers have been observed in subjects with the metabolic
syndrome (Stancliffe et al., 2011), but not in healthy adults (Drouin-
Chartier et al., 2015; Tricon et al., 2006), nor in adult subjects with
an elevated level of hs-CRP (Labonte et al., 2014) after consuming
dairy products.

High protein diets have increased in popularity, and these are
widely used in combination with weight reduction (Hu, 2005) and
in sports nutrition (Goisser et al., 2015) to preserve muscle mass
and promote muscle strength. Few have examined the possible
effects of high protein diets on risk factors for chronic diseases
(Rashidi Pour Fard et al., 2015; Wolfe, 1995; Clifton and Keogh,
2007; Schwingshackl and Hoffmann, 2013), among them level of
inflammatory markers (Santesso et al., 2012; Teunissen-Beekman
et al., 2015). No negative effects on inflammatory markers are
observed (Santesso et al., 2012; Teunissen-Beekman et al., 2015),
but long-term clinical studies are scarce (Santesso et al., 2012;
Teunissen-Beekman et al., 2015; Ziegler and Sidani, 2011).

In a double-blind randomized controlled intervention study, we
investigated whether an increased daily intake of a low-fat, protein-
enriched milk could alter markers of inflammation in peripheral
mononuclear blood cells (PBMCs) and in serum among community
dwelling elderly men  and women above the age of 70 years with
reduced muscle strength and functional performance.

2. Materials and methods

2.1. Study population and study design

The present study is part of a research project were men
and women (≥70 years) living at home were recruited to a 12
week double-blind, randomized controlled intervention trial, con-
ducted from August 2014 to September 2015 at Oslo and Akershus

University College of Applied Sciences, Norway. The primary aim
of this study was to investigate the effect of increased intake of
protein-enriched milk on muscle mass and physical strength. A
detailed description of participant recruitment, enrollment, selec-
tion criteria, and compliance are given elsewhere (Ottestad et al.,
2017). In brief, 2820 subjects were invited to participate in the
study. 438 subjects met  to screening of which 388 were excluded.
Thus, 50 older subjects, with either reduced hand grip strength
(<20 kg in women  and <30 kg in men), gait speed <1 m/s, timed
step stair test ≥8.4 s or timed five times sit to stand test >12.5 s,
and otherwise weight stable and apparently healthy, were ran-
domized. Among the exclusion criteria were a Mini-Mental State
Examination score <24, a Mini Nutritional Assessment score <17
and high intakes of dairy products (≥4 dl/day of milk, cultured
milk and/or yoghurt). In total, 36 subjects completed the study.
The intervention group received a protein-enriched milk (n = 17,
2 × 0.4 L/d; 2 × 20 g protein/d), whereas the control group received
an isocaloric carbohydrate drink (n = 19, 2 × 0.4 L/d), for 12 weeks.
The subjects consumed the test drinks together with breakfast
and the evening meal, and they were encouraged to maintain
their habitual diet and physical activity level throughout the study
period.

All subjects provided written informed consent, and we con-
ducted the study according to the Declaration of Helsinki. We
received approval for all procedures involving human subjects by
the Regional Committees for Medical and Health Research Ethics,
Health Region South East, Norway. The study was registered at
Clinicaltrials.gov (ID no. NCT02218333).

2.2. Study products

TINE SA (Oslo, Norway) produced and provided the protein-
enriched milk and the isocaloric control drink. The protein-
enriched milk contained on average 5.0% protein, 4.6% carbohy-
drates, <0.1% fat and provided approximately 167 kJ (39 kcal)/100 g.
The control drink was prepared from carbohydrates (sugar, xantan
gum and MaltosweetTM â). To give the control drink a milky appear-
ance the producer added titandioksid (E171). Both drinks contained
approximately 178 mg/100 g of calcium.

2.3. Blood sampling and sample preparation

Venous blood samples were collected after an overnight fast
(≥12 h) in BD Vacutainer

®
CPTTM cell preparation tubes with

sodium heparin (Becton Dickenson, NJ, USA) and in silica gel tubes
(Becton Dickenson Vacutainer Systems, Plymouth, UK) at baseline
and after 12 weeks. Within two hours of blood collection PBMCs
were collected by density gradient centrifugation of the blood sam-
ples (1636g) for 25 min  at room temperature (RT). The cells were
washed twice (300g, 10 min  at RT) in phosphate-buffered saline
(PBS) without calcium chloride and magnesium chloride. After the
last washing step, excess PBS was  discarded. The pellet was dis-
solved in the remaining liquid and transferred to an Eppendorf tube,
centrifuged (13,000g, 3 min  at 4 ◦C) and frozen at −80 ◦C until fur-
ther analysis. Serum samples were centrifuged (1500g,  15 min at
RT) after being left on the bench top for at least 30 min. Serum
sample for the determination of cytokines were frozen at −80 ◦C
until further analysis. Serum samples for the determination of hs-
CRP, and EDTA-blood for the differential blood count, were sent
to an accredited laboratory (Fürst Laboratories, Oslo, Norway) for
further analysis.

2.4. Isolation of RNA

mRNA was  isolated from thawed PBMCs using QiaCube from
QIAGEN GmbH (Germany) in accordance with the protocol RNeasy
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